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GENERAL INTRODUCTION TO THE SERIES. 

DURING the past few years the civiMsed world has begun to realise the 
advantages accruing to scientific research, with the result that an ever-
increasing amount of time and thought is being devoted to various 
branches of science. 

No study has progressed more rapidly than chemistry. This 
science may be divided roughly into several branches : namely, Organic, 
Physical, Inorganic, and Analytical Chemistry. I t is impossible to 
write any single text-book which shall contain within its two covers a 
thorough treatment of &ny one of these branches, owing to the vast 
amount of information that has been accumulated. The need is rather 
for a series of text-books dealing more or less comprehensively with 
each branch of chemistry. This has already been attempted by 
enterprising firms, so far as physical and analytical chemistry are 
concerned; and the present series is designed to meet the needs of 
inorganic chemists. One great advantage of this procedure lies in 
the fact that our knowledge of the different sections of science does not 
progress at the same rate. Consequently, as soon as any particular 
part advances out of proportion to others, the volume dealing with 
that section may be easily revised or rewritten as occasion requires. 

Some method of classifying the elements for treatment in this way 
is clearly essential, and we have adopted the Periodic Classification 
with slight alterations, devoting a whole volume to the consideration 
of the elements in each vertical column, as will be evident from a glance 
at the scheme in the Frontispiece. 

In the first volume, in addition to a detailed account of the elements 
of Group 0 , the general principles of Inorganic Chemistry are discussed. 
Particular pains have been taken in the selection of material for this 
volume, and an attempt has been made to present to the reader a 
clear account of the principles upon which our knowledge of modern 
Inorganic Chemistry is based. 

At the outset it may be well to explain that it was not intended 
to write a complete text-book of Physical Chemistry. Numerous 
excellent works have already been devoted to this subject, and a 
volume on such lines would scarcely serve as a suitable introduction 
to this series. Whilst Physical Chemistry deals with the general 
principles applied to all branches of theoretical chemistry, our aim 
has been to emphasise their application to Inorganic Chemistry, with 
which branch of the subject this series of text-books is exclusively 
concerned. To this end practically all the illustrations to the laws 
and principles discussed in Volume I. deal with inorganic substances. 

Again, there are many subjects, such as the methods employed in 
the accurate determination of atomic weights, which are not generally 
regarded as forming part of Physical Chemistry. Yet these are 

vii 



vnx ORGANOMETALLIG COMPOUNDS. 
subjects of supreme importance to the student of Inorganic Chemistry 
and are accordingly included in the Introduction. 

Hydrogen and the ammonium salts are dealt with in Volume II . , 
along with the elements of Group I. The position of the rare earth 
metals in the Periodic Classification has for many years been a source 
of difficulty. They have all been included in Volume IV., along with 
the Elements of Group III . , as this was found to be the most suitable 
place for them. 

Many alloys and compounds have an equal claim to be considered 
in two or more volumes of this series, but this would entail unnecessary 
duplication. For example, alloys of copper and tin might be dealt 
with in Volumes I I . and V. respectively. Similarly, certain double 
salts—such, for example, as ferrous ammonium sulphate—might very 
logically be included in Volume I I . under ammonium, and in Volume I X . 
under iron. As a general rule this difficulty has been overcome by 
treating complex substances, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of the Periodic Table. For example, the alloys of copper 
and tin are detailed in Volume V. along with tin, since copper occurs 
earlier, namely, in Volume II . Similarly, ferrous ammonium sulphate 
is discussed in Volume IX. under iron, and not under ammonium in 
Volume I I . The ferro-cyanides are likewise dealt with in Volume IX. 

But even with this arrangement it has not always been found easy 
to adopt a perfectly logical line of treatment. For example, in the 
chromates and permanganates the chromium and manganese function 
as part of the acid radicles and are analogous to sulphur and chlorine 
in sulphates and perchlorates ; so that they should be treated in the 
volume dealing with the metal acting as base, namely, in the case 
of potassium permanganate, under potassium in Volume II . But the 
alkali permanganates possess such close analogies with one another 
that separate treatment of these salts hardly seems desirable. They 
are therefore considered in Volume VIII . 

Numerous other little irregularities of a like nature occur, but it is 
hoped that, by means of carefully compiled indexes and frequent cross-
referencing to the texts of the separate volumes, the student will 
experience no difficulty in finding the information he requires. 

Particular care has been taken with the sections dealing with the 
atomic weights of the elements in question. The figures given are not 
necessarily those to be found in the original memoirs, but have been 
recalculated, except where otherwise stated, using the following 
fundamental values : 

Hydrogen = 1-00762. Oxygen = 16-000. 
Sodium = 22-996. Sulphur = 32-065. 
Potassium = 39-100. Fluorine = 19-015. 
Silver = 107-880. Chlorine = 35-457. 
Carbon = 12-003. Bromine = 79-916. 
Nitrogen = 14*008. Iodine = 126-920. 

By adopting this method it is easy to compare directly the results of 
earlier investigators with those of more recent date, and moreover it 
renders the data for the different elements strictly comparable through
out the whole series. 

Our aim has not been to make the volumes absolutely exhaustive, 
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as this would render them unnecessarily bulky and expensive; rather 
has it been to contribute concise and suggestive accounts of the various 
topics, and to append numerous references to the leading works and 
memoirs dealing with the same. Every effort has been made to render 
these references accurate and reliable, and it is hoped that they will 
prove a useful feature of the series. The more important abbreviations, 
which are substantially the same as those adopted by the Chemical 
Society, are detailed in the subjoined lists, pp. xvii-xix. 

The addition of the Table of Dates of Issue of Journals (pp. xxi-xxviii) 
will, it is hoped, enhance the value of this series. I t is believed that 
the list is perfectly correct, as all the figures have been checked against 
the volumes on the shelves of the library of the Chemical Society by 
Mr. F. W. Clifford and his staff. To these gentlemen the Editor and 
the Authors desire to express their deep indebtedness. 

In order that the series shall attain the maximum utility, it is 
necessary to arrange for a certain amount of uniformity throughout, 
and this involves the suppression of the personality of the individual 
author to a corresponding extent for the sake of the common welfare. 
I t is at once my duty and my pleasure to express my sincere appre
ciation of the kind and ready manner in which the authors have 
accommodated themselves to this task, which, without their heart}?-
co-operation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courtesy of the publishers, Messrs. Charles 
Griffin & Co., who have done everything in their power to render the 
work straightforward and easy. 

J . NEWTON FRIEND. 
September 1928. 
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PREFACE. 
T H E present book aims at giving a tolerably complete account of the 
preparation and properties of the organic compounds of the elements of 
Groups I. to IV. of the Periodic Classification. Except in the case of 
mercury, no monograph has appeared in any language which deals with 
the organic compounds derived from the elements of these groups. 
The term organometallic as used in this volume is applied only to com
pounds containing a second element directly linked to carbon, and 
excludes those where the element is linked via oxygen or nitrogen, as well 
as double compounds of organic substances with inorganic salts. In 
spite of these omissions, the present volume gives an account of approxi
mately 2300 compounds. In order to make the book as complete as 
possible, the preparation of all key compounds has been given in detail, 
and it may be used as a treatise on practical organic chemistry. Since 
it has been necessary to cover so much ground no systematic attempt 
has been made to enter into theoretical aspects of the subject, but by 
endeavouring to include all known compounds chemists will be able to 
make valuable comparisons of the compounds of the various elements, 
which was hitherto impossible without consulting a vast amount of 
original literature. To make the text more readable, physical constants 
of large series of compounds have been placed in the Appendix, and 
throughout the book greater attention has been paid to physical pro
perties generally than is usual in this type of book. The Authors' 
experience has shown that such data would have been very useful in 
their own research work if it had been available in book form. 

In conclusion, the Authors wish to thank the Editor, Dr. J. Newton 
Friend, for his invaluable help in reading the whole of the manuscript 
and proofs, to Messrs. Flack and Smith of the Library of the University 
of Birmingham, for giving the Authors free access to any portion of 
the Library, and to E. Masters. B.Sc, A.R.C.S., for lending the Authors 
his copies of the Journal of the American Chemical Society. Reprints 
of original papers dealing with organometallic compounds will be 
thankfully received by the Authors. 

A. E. GODDARD. 
D. GODDARD. 

September 1928. 
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ORGANOMETALLIC COMPOUNDS. 

CHAPTER I. 

ORGANOMETALLIC DERIVATIVES OF THE 
ELEMENTS OF GROUP I. 

T H E three elements lithium, sodium, and potassium bear little re
semblance to copper, silver, and gold in their inorganic derivatives ; but, 
with the exception of gold, they show more resemblance in their organo-
metallic compounds. 

Lithium, sodium, rubidium, and caesium form two types of com
pounds, (1) RM, (2) R3CM, whilst potassium only gives type (2). 
Lithium and sodium derivatives of type RM are prepared by treating 
the corresponding mercury alkyls or aryls with the metal in dry benzene 
or ligroin. Rubidium and caesium, however, are obtained by interaction 
of the metal and zinc alkyls. Lithium methyl is best isolated from 
lithium ethyl and mercury dimethyl in gasoline solution. The most 
striking property of these metals is their affinity for oxygen, and this 
property is also exhibited in their organo compounds for they are in
flammable in air. The lithium compounds are more crystalline than 
those of sodium, but the latter are more insoluble in indifferent solvents. 
I t is interesting to note that whilst lithium and its inorganic salts colour 
the flame red, lithium phenyl burns with a yellow flame. 

Schlenk and Marcus in 1914 1 found tha t triphenylmethyl chloride 
reacted with sodium amalgam in dry ether solution, when the operation 
was carried out in an atmosphere of nitrogen. The resulting com
pound, sodium triphenylmethyl, was a brick-red mass, decomposed by 
moisture or carbon dioxide. Kraus and Kawamura in 1923 2 showed 
tha t triphenylmethyl chloride reacts with sodium and potassium in 
liquid ammonia, but tha t the potassium compound is more stable than 
the sodium derivative. A number of compounds similar in structure 
to triphenylmethyl have since been shown to give similar reactions. 
Rubidium and csesium also form similar derivatives.3 

Copper, silver, and gold are contrasted with the three foregoing 
1 Schlenk and Marcus, Ber., 1914, 47, 1664. 
2 Kraus and Kawamura, / . Amer. Chem. Soc, 1923, 45, 2756. 
3 Grosse, Ber., 1926, 59, 2652. 

3 



4 ORGANOMETALLIG COMPOUNDS. 

elements in being stable towards air, water, and some acids, and in these 
respects bear some analogies to the metals of Group VIII. In organo-
metallic chemistry this likeness is only shared by gold, since this is the 
only element that forms stable compounds. Copper and silver phenyls 
have been reported by several investigators, but they are very unstable 
compounds and little is known about their general behaviour. I t will 
be noted that this instability is shared by the phenyl derivatives of the 
alkali metals. 

Gold 1 forms two tervalent types of compounds, R2MX and HMX2, 
both of which are fairly stable solids. Type R2MX shows the analogy 
between gold and thallium, the latter metal giving only this type of 
organic compound; moreover, no monovalent derivatives of gold or 
thallium have been isolated. Diethylauric bromide is prepared by the 
interaction of auric bromide and magnesium ethyl bromide, and this 
substance is changed to the second type by treating it with bromine in 
chloroform solution, the halogen replacing one of the ethyl groups. 
Both compounds precipitate silver bromide from solutions of silver 
salts, and the diethylauric bromide forms an addition compound with 
ammonia, when warmed with its aqueous solution. No aryl derivatives 
of gold have yet been obtained, although when isolated they will be 
found to be quite stable, and probably have no melting-point below 
300° C., like the corresponding thallium compounds. 

LITHIUM.2 

The lithium alkyls resemble the sodium alkyls in being colourless 
compounds, but are contrasted to them in being to some extent 
crystalline. With the exception of the difficultly soluble lithium methyl, 
they are readily soluble in benzene without decomposition. 

Lithium methyl, LiCH3 or LiMe.—When a benzene solution of 
lithium ethyl and a gasoline solution of mercury dimethyl are mixed, a 
white microcrystalline powder immediately separates, in accordance 
with the equation: 

2LiEt +HgMe2 =2LiMe +HgEt 2 
soluble soluble insoluble soluble. 

In the dry state the compound is completely colourless, in air it inflames, 
burning with explosive violence. The flame is red and accompanied by 
a shower of yellow sparks. 

Lithium ethyl, LiC2H5, is prepared by the interaction of mercury 
diethyl and metallic lithium in benzene or ligroin solution. I t forms 
thick, clear, hexagonal plates, melting at 95° C. in a nitrogen atmo
sphere ; at higher temperatures volatilising and condensing in the cooler 
parts of the apparatus in drops, which soon solidify. It is somewhat-
soluble in benzene or gasoline, but when exposed to the air the body 
inflames and burns with the red lithium flame. Lithium ethyl reacts 
with triethyl-n-butylammonium bromide to give triethylamine and 
diethyl-n-butylamine, and with tetraethylammonium bromide to give 
ethane and ethylene.3 

Lithium n-butyl, LiC4H9s with tetraethylammonium bromide 
1 Pope and Gibson, Tram. Chem. Soc, 1907, oi, 2061 
2 Schlenk and Holtz, Ber., 1917, 50, 262. 
3 Hager and Marvel, «/. Amer. Ghem. Soc, 1926, 48, 2689. 
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yields triethylamine; with triethylbenzylammonium bromide it gives 
diethylbenzylamine ,* with tri-n-butyl-n-heptylammonium iodide it 
forms di-n-butyl-n-heptylamine. The following reactions with lithium 
n-butyl have been carried out,1 the reacting substance being given first 
and the products of the reaction shown in brackets : n-heptyl bromide 
(n-undecane); methylene iodide (n-nonane); /?-bromostyrene (phenyl-1-
hexene-1, trans-trans isomer of diphenyl-l-4-butadienc-l-3 (?)) ; tri
phenylchloromethane (triphenylmethyl peroxide, triphenyl-1 : 1 : 1-
pentane) ; o-, m-, p-bromotoluene (toluene). 

L i th ium iso -amyl , 2 LiC5H l l 5 reacts with triethyl-n-butylammonium 
bromide to give diethyl-n-butylamine and lithium n-heptyl, with tetra-
n-butylammonium iodide to form tri-n-butylamine, a trace of a hydro
carbon and possibly n-heptane. 

Lithium phenyl , Li.C6H5 or LiPh,3 may be prepared from mercury 
diphenyl and metallic lithium or lithium ethyl and mercury diphenyl. 
In the dry state it is a pure white, microcrystalline powder, which burns 
in air with a yellow flame, not a red lithium flame. 

L i th ium t r ipheny lme thy l , LiCPh3,4 is prepared by treating 1 mol. 
of triphenylmethyl chloride in anhydrous ether with 6 mols. of lithium hi 
the form of 0-5 per cent, amalgam, in a specially designed flask. It is an 
orange-red powder and forms a stable etherate, Li.CPh3 .2Et20. When 
acted upon by water in the absence of air it decomposes according to the 
equation: 

L i . C P h 3 + H 2 0 = L i O H + C P h 3 H 

SODIUM, 

The first attempt to obtain sodium alkyls was due to Wanklyn,5 but his 
work only led to the formation of sodium-zinc-ethyl double compounds. 
Schorigin 6 was also unsuccessful in obtaining pure products, whilst 
Acree 7 described a body which he considered to be sodium phenyl, but 
this was afterwards refuted by Hilpert and Gruttner.8 

The sodium alkyls in the pure state are colourless, amorphous, in
soluble powders, in indifferent solvents. They decompose when heated 
to the melting-point. They are extremely inflammable in air, the in
flammability decreasing with rising molecular weight of the alkyl 
residues. Sodium octyl is susceptible to oxygen, large particles igniting 
in air.9 

Sodium methyl, NaCH3 or NaMe.—Sodium chips are placed in dry 
ligroin (B.pt. 80° C) , and all air displaced by dry, oxygen-free nitrogen. 
The requisite amount of mercury dimethyl is then added and the 
temperature maintained at 65° C. After several days the product is 
obtained as a white powder. 

Sodium ethyl, NaC2H5 , is prepared in a similar manner,10 but the 
1 Marvel, Hager, and Coffitnan, J. Amer. Ghem. Soc, 1927, 49, 2323. 
2 Hager and Marvel, he. cit. 
s Schlenk and Holtz, Ber., 1917, 50, 262. 
4 Grosse, Ber., 1926, 59, [B], 2652. 
5 Wanklyn, Annate** 1858,107, 125 ; 1858, 108, 68; 1859, i l l , 234=; 1866, 140, 211. 
6 Schorigin, Ber., 1908,41, 2717; ibid., 1910,43,1931. 
7 Acree, J. Amer. Ghem. Soc, 1903, 29, 590. 
8 Hilpert and Gruttner, Ber., 1913, 46, 1679. 
3 Schlenk and Holtz, Ber., 1917, 50, 262. 

» See Schorigin, Ber., 1910, 43, 1931; ibid., 1923, 56, [B], 176. 
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reaction is complete in one to two hours. Sodium propyl and n-Octyl 
have also been obtained. 

Sodium phenyl, NaC6H5, formed from mercury diphenyl, exhibits 
the same properties as the alkyls. 

Sodium benzyl, C6H5.CH2.Na.—Unlike the preceding compounds, 
sodium benzyl is isolated as an intense red, crystalline powder, in
soluble in benzene or ligroin, but fairly soluble in ether, to which it 
imparts a deep, reddish-yellow colour. The ethereal solution will con
duct the electric current, showing that the metallic atom is linked by a 
carbonium valence. It inflames in air, but if the oxidation is slow, 
much stilbene is formed. Dry carbon dioxide converts it into sodium 
phenyl acetate. 

Sodium triphenylmethyl, Ph3CNa. l—1. Ten grams of tri-
phenylmethyl chloride in 500 c.c. of dry ether are treated with 200 grams 
of 2 per cent, sodium amalgam, and the mixture shaken on a machine for 
one to two hours. During the operations all air must be replaced by 
nitrogen. A solution of sodium triphenylmethyl is thus obtained in 
quantitative yield. 

2. Ten grams of sodium powder are amalgamated with 10 grams 
of mercury in 200 c.c. of dry ether, the reaction being carried out in 
nitrogen. Triphenylmethyl chloride, 2 to 3 grams, is then introduced, 
the substances melted and put on a shaking machine, the reaction being 
complete in twelve hours. A dark orange-red solution is obtained; the 
ether is evaporated and the residue treated several times with petroleum 
ether and evaporated until a solid is produced. All manipulations are 
carried out in nitrogen, since air, moisture, or carbon dioxide cause 
decomposition. The compound forms a brick-red mass.2 

3. Sodium triphenylmethyl may also be prepared from triphenyl
methyl chloride and metallic sodium, when the two are allowed to react 
in liquid ammonia, and the hydrogen atom of triphenylmethane is 
replaced by sodium in about an hour. 

The compound is very reactive, even at the temperature of liquid 
ammonia. With water it reacts to form sodium hydroxide and tri
phenylmethane, 

Hi s CNa+H a O=Ph,CH+NaOH 

By the action of oxygen, a white product is formed, the composition 
of which has not been determined. The reaction with ammonium 
chloride hi liquid ammonia is probably represented by the equations, 

PhsCNa +NH4CI =Ph8CNH4 +NaCl =Ph3CH + N H 3 +NaCl 

The intermediate ammonium compound is not isolated. Ammonium 
hydroxide with sodium triphenylmethyl yields triphenylmethane and 
sodamide, and sulphur dioxide forms sodium triphenylmethyl sul-
phinate. 

Sodium triphenylmethyl is moderately soluble in toluene or benzene, 
but insoluble in petroleum ether and ligroin. 

The following are typical reactions of sodium triphenylmethyl with 
certain organic compounds :— 

1 fcchlenk and Holtz, Ber.t 1916, 49, 603; Schlenk and Ochs, ibid., 1916, 49, 608; 
German Patent 292310 ; Kraus and Kawamura, J. Amer. Ghem. 8oc„ 1923 45 2756 

2 Schlenk and Marcus, Ber., 1914, 47, 1664. 
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With triphenylmethyl chloride, hexaphenylethane is produced, the 
reaction being carried out in liquid ammonia. Thus : 

Ph3CNa +Cl.CPh3 =NaCl +Ph3C.CPh3 

Similarly with dichlorodiphenylmethane, a mixture of hexaphenyl
ethane and pentaphenylethyl is formed.1 With bromobenzene, using 
the above solvent, carbon tetraphenyl results, 

Ph3CNa + P h B r = N a B r +Ph 4 C 

With methyl benzoate, ^8-benzpinacolin is formed in accordance with 
the equation : 

Ph3CNa +Ph.COaMe -Ph 3C.COPh +NaOMe 

If methyl p-chlorobenzoate is used, p-chIoro-j8-benzpinacolin is 
obtained. Since sodium triphenylmethyl shows a tendency to exchange 
its sodium atom for hydrogen, it cannot be used for condensations with 
substances which can function in enolic forms, such as ethyl acetate. 

With aldehydes, ethanols are obtained, formaldehyde yielding tri-
phenyl ethanol, 

Ph 3 CNa+OCH 2 -Ph 3 C.C(ONa)H 2 

In the case of benzaldehyde and furfuraldehyde, tetraphenyl ethanol 
and triphenylfuryl ethanol are isolated respectively. 

With ketones as with esters, those which are capable of existing in 
enolic forms cannot be employed, and diarylketones yield no condensa
tion products, e.g. with benzophenone, an ethanol is not formed, but the 
solution becomes green, since metallic ketyls are produced, according to 
the equation : 

P h 3 C N a + C O P h 2 ^ P h 3 C , C P h 2 . O N a 

With dibenzalacetone, tetrastyrylpinacolin is formed. 
Sodium phenyl«biphenylyl-a-naphthyl-methyl, 

Ph. ,C10H7 

> C < 
P h . C 6 H / \ N a 

Phenyl-biphenylyl naphthyl chloromethane and sodium powder are 
shaken together for one to two days in dry ether, in the presence of 
copper bronze. In the solid state it is an indigo-like, metallic, glistening 
powder, soon becoming dull in air. Its ethereal solution is bluish-violet 
of extraordinary intensity. WTith water or ethereal hydrogen chloride 
the compound is soon decolorised, and when decolorised by air a faint, 
bright blue-green, air-stable colour remains. 

Sodium di-biphenylyl-a-naphthyl-methyl , (Ph.C6H4)2CNa, is a 
black, metallic, glistening powder, immediately becoming yellow-brown 
in air. 

Sodium biphenylene-phenyl-methyl, 

C6H4s yPh 

C 6 H / \ N a 
Dibiphenylene-diphenyl-ethane and sodium powder are shaken together 

1 Schlenk and Mark, Ber., 1922, 55, [B], 2285, 2209. 
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in a nitrogen atmosphere for twelve days. The compound is isolated in 
shining, orange-red needles, containing one molecule of ether of crystal
lisation, When dried in a nitrogen atmosphere at 60° C. the ether is 
removed and the compound darkens, and at higher temperatures it 
melts to a ruby-red liquid. It is instantly decolorised in air, and 
warmed with alcohol it dissolves, biphenylene methane crystallising out 
on cooling. 

Sodium p-anisyl-biphenylene-methyl, 

C 6H 4 \ /C6H4.OMe 

C G H / Ntfa 
is an intensely red, but not distinctly crystalline product, which is 
obtained free from ether. 

POTASSIUM. 

No potassium compounds are known of the type KK, only com
pounds from triphenyl methyl having been obtained. 

Potassium triphenylmethyl, KCPhg.1—1. Triphenylmethane and 
metallic potassium are heated at 200° to 220° C. in an indifferent 
atmosphere. By this method the compound is stated to be red, and 
when treated with benzyl chloride to yield #s-tetraphenylethane. 

2. Two equivalents of potassium are allowed to react with tri-
phenylmethyl chloride in liquid ammonia. 

The compound has a similar appearance and the same properties as 
the sodium derivative. It exhibits, however, this difference, that 
whilst sodium triphenyl is unstable in the presence • of ammonia, the 
potassium compound is stable even at 100° C. Moreover, it has not 
been found possible to synthesise the triphenylmethyl group by the 
action of triphenylmethyl chloride on potassium triphenylmethyl. 

RUBIDIUM.2 

Rubidium ethyl, RbEt.—The interaction of zinc ethyl and metallic 
rubidium do not give rubidium ethyl itself, but the double compound 
with zinc ethyl, RbEt.ZnEt2. This substance crystallises in prisms, 
which melt in the presence of some zinc ethyl at 70° to 75° C. 

Rubidium triphenylmethyl, RbCPh3, prepared in a similar 
manner to the lithium compound, is a dark-red powder resembling the 
sodium and potassium derivatives. I t gives a blood-red solution in 
ether. 

CESIUM. 

Caesium ethyl, CsEt, is isolated in the same manner as the rubi
dium compound, but does not seem to be as definite in composition as 
the latter. I t is said to undergo the following reaction :— 

CsEt+C0 2 -Cs.C0 2 .Et 

The latter compound when treated with sulphuric acid yields pro
pionic acid. 

1 Schlenk and Marcus, Ber., 1914, 47, 1664; Kraus and Kawamura, J. Amer. Ghem, 
Sac, 1923, 45, 2756. 

2 Grosse, Br.r., 1920, 59, [Bj, 2652. 
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Caesium triphenylmethyl, CsCPh3, possesses the same properties 
as the rubidium compound. 

COPPER AND SILVER. 

Cuprous phenyl, CuPh.1—Cuprous iodide is added to a cold 
solution of magnesium phenyl bromide in ether. Complete solution 
takes place, and after a time the cuprous phenyl separates out as a white 
powder. It decomposes at 80° C. and when warmed with benzene is 
converted quantitatively into diphenyl and metallic copper, the latter 
appearing as a mirror. With water, benzene and cuprous oxide are 
formed, and with dilute nitric acid it is changed to nitrobenzene, con
centrated nitric acid causing the compound to explode. Cuprous 
phenyl blackens in a few days, even when kept in a vacuum. 

Magnesium ethyl bromide presumably gives cuprous ethyl, but the 
compound is unstable above —18° C. and has not been further in
vestigated. 

Silver phenyl, AgPh.2—Silver bromide is treated with an ethereal 
solution of magnesium phenyl bromide, the violet solution depositing 
silver phenyl. The preparation is carried out in absence of light, and 
the product decomposes in a few hours, even at —18° C, forming silver 
and diphenyl. The product is highly explosive. 

When freshly precipitated silver chloride is used instead o[ the 
bromide,3 a brown, granular powder is obtained. When dry it readily 
decomposes, evolving clouds of diphenyl fumes. The ratio of silver to 
phenyl appears to be as 1 : 1. With magnesium p-xylyl- and a-naphthyl 
bromides and the magnesium compound of p-bromodiphenyl ether, 
similar compounds are isolated. 

GOLD.4 

Diethylauric bromide, (C2H5)aAuBr.—Magnesium ethyl bromide 
is used in preparing this compound, and it is necessary that it should be 
free from any unchanged magnesium. Five grams of magnesium are 
used and the calculated quantity of ethyl bromide in 200 c.c. of anhy
drous ether. This Grignard reagent is allowed to drop very slowly into 
22 grams of auric bromide in 150 c.c. of dry ether efficiently cooled in ice 
and salt mixture. Metallic gold begins to appear during the reaction. 
Powdered ice is carefully added to the mixture and finally water and 
dilute acetic acid. The liquid is next extracted several times with light 
petroleum and this is washed with water, then allowed to evaporate in a 
warm draught cupboard at 25° to 30° C. The residue when once again 
recrystallised from petroleum ether yields 2 to 3 grams of the pure 
bromide. No larger yield is obtained if the reaction takes place at the 
temperature of boiling liquid air, and the yield is less if the aulic bromide 
is added to the Grignard reagent. If auric chloride is used the yield is 
not increased. Diethylauric bromide takes the form of long, colourless, 
doubly refracting needles, M.pt. 58° C. I t is very soluble in benzene, 
light petroleum, chloroform, and ether, much less so in alcohol and 

1 Keich, Compt. rend., 1923, 177. %%%• 
2 Reich, ibid. 
a lu-ause and Wendt, Ber., 1923, 56, LBJ, 20(U. 
4 Pope and Gibson, Trans. Chew,. 80c, 1907, 91, 2061 
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insoluble in water. I t is volatile at ordinary temperatures and decom
poses with explosion at about 70° C. The body is analysed by dissolving 
it in chloroform, adding bromine in the same solvent, then slowly 
evaporating to dryness and weighing the residual gold after ignition. 
Diethvlauric bromide is very sensitive to light, in contact with water 
giving gold. It also gives silver bromide from solutions of silver salts. 

Ethylauric dibromide, C2H5AuBr2, is prepared by adding a dilute 
solution of bromine in chloroform to an equimolecular proportion of 
diethylauric bromide in the same solvent. Crystals of the dibromide 
are slowly formed. The compound is sparingly soluble in the ordinary 
organic solvents, but is moderately soluble in warm water. The crystals 
are transparent, dark, ruby-red, doubly refracting prisms with square 
ends. On heating it slowly decomposes, but does not melt. It is more 
stable than the previous body. 

Amminodiethylaur ic bromide , (C2H5)2AuBrNH3, can be obtained 
from diethylauric bromide on gently warming with dilute aqueous 
ammonium hydroxide, then evaporating in a vacuum over sulphuric 
aeid. The product is recrystallised from benzene, giving transparent 
doubly refracting, colourless needles, which decompose on slowly heating 
at 60° C. The body is soluble in ammonium hydroxide, benzene, 
acetone, chloroform, or dilute hydrochloric acid. The solution in hydro
chloric acid may be boiled without any reduction, and there is no pre
cipitate with piatinic chloride, though on long standing metallic gold 
appears. An aqueous acetone solution of the compound precipitates 
silver bromide from silver salts. 

* 



* 

CHAPTER I I . 

O R G A N O M E T A L L I C DERIVATIVES OF T H E 
E L E M E N T S OF G R O U P I I . 

T H E elements of Group II. , along with those of Group V.3 form more 
organometallic derivatives than the remaining groups. In so far as 
Group I I . is concerned this is due to the vast number of mercurials now 
isolated. In 1905, Beckmann 1 found that an ethereal solution of 
ethyl iodide reacted with metallic calcium to form an etherate, having the 
constitution EtCaI .Et 2 0. This was an amorphous powder, fairly 
stable in air, yielding ethane with water, and was sparingly soluble in 
ether. Gilman and Schulze 2 repeated Beckmann5s work, and came to 
the conclusion that the compound is not the monoetherate shown above 
but a di-etherate of calcium iodide, CaI2 .2Et20. These investigators 
have also prepared compounds of n-butyl, n-octyl, and phenyl calcium 
iodides, but in no cases do ether-free compounds appear to have been 
isolated. They also state tha t unpublished work on calcium, barium, 
and strontium dialkyls and diaryls shows that all of these organo
metallic compounds give positive tests. Since the purpose of this 
chapter is to deal with pure compounds and not molecular complexes, no 
further account is given of the calcium compounds.3 

The remaining members of this group form a series of organo com
pounds in which the stability increases with rising atomic weight from 
beryllium to mercury. I t should be pointed out that the authors do not 
include the Grignard compounds under magnesium, since these are not 
actually isolated in reactions in which they are employed. Moreover, 
the so-called " individual " magnesium alkyl salts, which do not contain 
combined ether, have not been used to any great extent for synthetic 
purposes. 

The dimethyl compounds of the metals from beryllium to cadmium 
are all very volatile liquids, the beryllium, magnesium, and zinc deriva
tives exploding when treated with water, the cadmium decomposing 
slowly under the same conditions. 

Beryllium compounds were obtained in 1860 by Cahours 4 by heating 
metallic beryllium with mercury dialkyls at 130° to 135° C. in a sealed 
tube. Frankland 5 also obtained beryllium diethyl and dipropyl by a 
similar method. In 1884, Lavroff6 also claimed to have obtained 

1 Beckmann, £&r.9 1905, 38, 904 
2 Gilman and Schulze, J. A-mer. Chem. jSoc, 1926, 48, 2463. 
3 See Dufford, Nightingale, and Calvert, J. Amer. Ohem. Soc, 1925, 47, 95 ; Gilman 

and Pickens, ibid., 1925, 47, 2406 ; Gilman and Schulze, ibid., 1925, 47, 2002. 
* Cahours, Annalen, 1860, 114, 243 ; Jahresber., 1873, p. 520. 
5 Frankland, Trans. Ohem. 80c, 1861, 13, 181, 194. 
6 Lavroff, J. Muss. Phys. Chem. 80c, 1884, 16, 93 ; Bull 80c. chim., 1884, 41, 54S. 

11 
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beryllium dimethyl. No further reference is made to the compounds 
until 1923, when Krause and Wendtx stated that beryllium dialkyls may 
be prepared by the interaction of beryllium chloride and an excess of 
Grignard reagent. 

The actual isolation of beryllium dialkyls in a pure state has only just 
been accomplished by Gilman and Schulze,2 and their work throws doubt 
upon the accuracy of that of previous investigators. Their method of 
procedure is the one suggested by Krause and Wendt. In 1926, Durand3 

claimed to have prepared beryllium methyl iodide, but the work has 
since been disproved by Oilman and Schulze.4 These workers have 
isolated beryllium alkyl halides by heating beryllium, alkyl halides, and 
ether in the presence of catalysts, such as mercuric chloride, beryllium 
chloride, or free bromine. The first aryl compound, beryllium phenyl 
iodide, has been prepared by a similar process. 

The first attempt to prepare organic compounds of magnesium was 
due to Hallwachs and Schafarik5 in 1859, these investigators heating 
metallic magnesium with ethyl iodide in a sealed tube at 150° to 180° C. 
Upon opening the tube a gas was evolved and a white mass obtained. 
This when heated gave a colourless liquid of penetrating odour, which did 
not inflame. In view of later work the products appear to be magnesium 
iodide and traces of magnesium diethyl. A year later, Cahours 6 

repeated the above work, the reacting substances being heated for 
several hours at 130° C. He isolated magnesium iodide and a colourless, 
strongly volatile liquid, inflaming in air, and having a leek-like odour. 
This liquid Cahours mistook for magnesium diethyl. In 1891, Lohr7 

obtained magnesium dialkyls by heating magnesium with mercury 
dialkyls, and later Fleck 8 extended Lohr's work. No further work was 
done on these substances until 1927, when Gilman and Schulze 9 used 
Lohr's method, but introduced mercuric chloride into the reaction as a 
catalyst. This work proves that the substances obtained by the earlier 
investigators were not very pure. 

Only one aryl compound is known, namely, magnesium diphenyl,10 

formed by heating magnesium powder and mercury diphenyl at 200° C. 
in an atmosphere of nitrogen. Like the alkyl compounds, it is readily 
oxidisable in air and decomposed by water. 

Frankland in 1853 n obtained the first zinc alkyl, zinc dimethyl, by 
heating methyl iodide with an excess of zinc in a sealed tube at 150° to 
] 60° C, From this beginning, the series was gradually continued as far 
as zinc di-isoamyl, in the hands of \rarious investigators. The lower 
members are spontaneously inflammable in air, this property decreasing 
as the series is ascended, and all the compounds are decomposed by 
water, the lower ones with violent explosion. These compounds have 
proved of great value in many organic syntheses, but their use has been 
eliminated to a large extent by the Grignard reagent owing to the fact 

1 Krause and Wendt, Ser.9 1923, $6, 467. 
a Gilman and Schulze, J. Chem. Soc, 1927, p. 2663. 
3 Durand, Gompt. rend., 1926, 182, 1162. 
* Gilman and Schulze, J. Amer. Chem. 80c, 1927, 49, 2904. 
5 Hallwachs and Schafarik, Annalen, 1859, 109, 206. 
6 Cahours, Annalen, I860, 114, 240. 
7 Lohr, Annakn, 1891, 261, 48. 8 Fleck, Anmkn, 1893, 276, 129. 
0 Gilman and Schulze, J. Amer. Chew,. Hoc, 1927, 49, 2328. 

10 Hilpert and Gruttner, Ber.t 1913, 46, 1675. 
11 Franiland, Annahri, 1853, 8$, 347. 



ORGANOMETALLIC DERIVATIVES OE ELEMENTS OF GROUP II. 13 

tha t the latter need not be isolated in reactions in which it is used, 
whereas the inflammability of the zinc alkyls renders them difficult 
to handle. Zinc alkyls have also been used in the preparation of 
organometallic derivatives of mercury,1 boron,2 aluminium,3 thallium,4 

silicon,5 germanium,6 tin,7 lead,8 phosphorus,9 arsenic,10 antimony,11 

bismuth.12 

No zinc aryls were known until 1913, when Hilpert and Griittner 13 

isolated zinc diphenyl by boiling mercury diphenyl with zinc for two 
minutes in an atmosphere of hydrogen. The rapidity with which this 
reaction takes place resembles the preparation of aluminium triphenyl 
from mercury diphenyl and aluminium, the reaction being complete in 
ten to fifteen seconds at 140° C. The zinc diphenyl is affected by light, 
and, like magnesium diphenyl, is oxidised by atmospheric oxygen and 
decomposed by water. An interesting use has recently been made by 
Chambers and Scherer u of zinc diphenyl. In order to prepare tin 
tetraphenyl, magnesium phenyl bromide is treated with anhydrous zinc 
chloride in ethereal solution, the ether replaced by toluene and the 
product treated with stannic chloride. Thus the zinc compound is 
merely used as an intermediate "without being isolated, in the same way 
as the Grignard reagent. 

Although cadmium alkyls were known as early as 1853,15 it was not 
until 1917 16 that they were obtained in good yield in a state of purity. 
The general method of preparation is by the interaction of magnesium 
alkyl halides and cadmium halides. In common with the other alkyls 
so far described in this chapter they are very volatile, the methyl deriva
tive even being difficult to separate from ether, since it volatilises along 
with the vapour of the latter. This volatility decreases as the series is 
ascended from methyl to isoamyl, and although the higher compounds are 

1 Buckton, Annalen, 1859,109, 219, 221; Jahresber., 1858, p. 390; Prankland, Annalen, 
1859, i n , 57; Jahresber., 1859, p. 413; Krassowski, ZeitschHft fur Chemie, 1870, p. 528; 
BPT., 1870, 3, 625 ; Oppenheim, Ber., 1871, 4, 671. 

2 Frankland, Annalen, 1862, 122, 132, 144 ; Jahresber., 1876, p. 469. 
3 Buckton and Odling, Annalen Spl., 1861, 4, 110, 112 ; Cahours, Annalen, 1860, 114, 

242 ; Hallwacks and Schafarik, Annalen, 1859, 109, 207 ; Fiirstenhofi, Chem. Zenir., 1904, 
i. 785; Buckton and Odling, Proc. Boy. Soc, 1865, 14, 19 ; Cahours, Jahresber., 1873, 
p. 518 ; Ber., 1873, 6, 567 ; Compt. rend., 1873, 76, 133, 748, 1383. 

4 Hartwig, Ber., 1874, 7, 298 ; Annalen, 1875, 176, 264. 
5 Eriedel and Crafts, Annalen, 1865, 136, 203 ; 1863, 127, 31 ; Ladenburg, Annalen, 

1872, 164, 302, 327 ; Pape, Annalen, 1884, 222, 359, 370 ; Ladenburg, Annalen, 1874, 173, 
148; Friedel and Ladenburg, Ann. Chim. Phys., 1880, [5], 19, 401; Annalen, 1880, 
203, 251. 

6 Winkler, J. prahi. Chem., 1845, [2], 36, 204. 
7 Cahours, Annalen, 1862, 122, 59; Jahresber., 1873, p. 519; Frankland, Annalen, 

1859, i n , 50 ; Frankland and Lawranee, Trans. Chem. Sac, 1879, 3$, 130; Morgunow, 
Annalen, 1867, 144, 157; Buckton, Annalen, 1859, 109, 225; Pope and Peachey, Proc. 
Chem. Soc, 1912, 28, 42, 116. 

8 Cahours, Annalen, 1862, 122, 67 ; Buckton, Annalen, 1859, 109, 222 ; 1859,112,226 ; 
Erankland and Lawranee, J. Chem. Soc, 1879, 35, 245. 

9 Cahours and Hofmann, Annalen, 1857, 104, 1 ; Hofmann, Annalen Spl, 1861, I, 7 ; 
Dreehsel and Pinkelstein, Ber., 1871, 4, 352 ; Wichelhaus, Ber., 1868, I, 80. 

10 Cahours and Hofmann, Compt. rend., 1855, 41, 834; Jahresber., 1855, p. 538; 
Cahours, Annahn, 1862, 122, 219 ; Hofmann, Annalen, 1857, 103, 357. 

" Buckton, Trans. Chem. Soc, 1863, 16, 22 ; Jahresber., 1863, p. 470. 
12 Marquardt, Bert, 1887, 20, 1517 ; ibid., 1888, 21, 2038. 
*3 Hilpert and Griittner, Ber., 1913, 46, 1675. 
14 Chambers and Scherer, J. Amer, Chem. Soc, 1926, 48, 1054. 
15 Lohr, Annalen, 1853, 87, 55. 
16 Krause, Ber., 1917, 50, 1813. 
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decomposed by water, the process takes some hours to reach completion. 
As in the case of magnesium and zinc, only one aryl compound of cadmium 
is known, cadmium diphenyl. I t is prepared by heating mercury 
diphenyl and metallic cadmium in an atmosphere of hydrogen, but the 
product appears to be very unstable in the dry state, discolouring in a 
vacuum desiccator even when allowed to stand for an hour.1 The 
cadmium may be replaced by mercury or zinc under suitable conditions. 

The only "remaining metal in the group to be discussed is mercury. 
This element forms such an enormous variety of organic compounds 
that they are dealt with in subsequent chapters. No other element is 
known which will replace the hydrogen of organic derivatives with such 
ease. All other metals of the periodic classification are only introduced 
singly into organic residues, whereas two to five mercury residues may 
become attached to a molecule in a single operation, e.g. penta-acetoxy-
mercuriaoetanilide. Like the other members of Group II., it forms 
compounds of the type R2M, but these are far more stable than any 
previously described. A second type, RMX, is also known, which 
resembles the Grignard reagent RMgX in formula only, showing no 
other relation to the magnesium compounds. These two types of 
mercury compounds are dealt with in the subsequent chapter. 

BERYLLIUM. 

Beryllium dimethyl, Be(CH3)2.
2—This compound is prepared by 

the interaction of anhydrous beryllium chloride and magnesium methyl 
iodide. Owing to the hygroscopic nature of the beryllium chloride and 
the instability of beryllium dimethyl in air, the reaction is carried out in 
a specially designed apparatus in an atmosphere of dry hydrogen or 
nitrogen. Beryllium dimethyl crystallises from hot concentrated ethereal 
solution in snow-white needles, and it has the same form when it sub
limes at about 200° C. without melting. Its ethereal solutions fume 
strongly on exposure to the atmosphere. When suddenly overheated, 
it is partially decomposed, leaving a brown or grey mirror. In air it is 
spontaneously inflammable, especially in the presence of moisture, 
burning with a luminous flame, and evolving white fumes of beryllium 
oxide. It is violently decomposed by water, yielding methane. In the 
solid state it even inflames when treated with carbon dioxide, but if in 
ethereal solution it yields acetic acid. It reacts with phenyl carbimidc 
in ethereal solution giving the anilide, and with a-naphthyl carbimidc, 
aeeto-a-naphthalide is formed. With Michler's ketone it gives an 
immediate positive colour reaction, with benzophenone it forms di-
phenylmethylcarbinol, and with benzoyl chloride phenyl dimethyl -
carbinol is produced. The reaction with iodine is very vigorous, 
probably forming beryllium methyl iodide. 

Beryllium diethyl, Be(C2H5*)2, prepared in a similar manner to 
the preceding compound, is a colourless liquid, B.pt. 93° to 95° C. at 
4 mm. or 110° C. at 15 mm. I t distils at 180° to 240° C. at ordinary 
pressure, with considerable decomposition, and when solidified in carbon 
dioxide-ether freezing mixture white crystals are formed, which melt on 
warming to - 1 3 ° to - 1 1 ° C. I t resembles the corresponding dimethyl 
derivative in oxidisability and inflammability. With water it yields 

1 Hilpert and Gruttner, Ber„ 1913, 46, 1675. 
2 Gftm&n and Schulze, J. Chem. Soc, 1927, p. 2683. 
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ethane, and its ethereal solution with carbon dioxide gives triethyl-
earbinol. I t gives a positive colour reaction with Michler's ketone, 
reduces benzophenone to benzhydrol, reacts vigorously with iodine 
and with an excess of an ethereal solution of beryllium chloride, a 
solution having the characteristics of beryllium ethyl chloride is 
obtained.1 

Beryll ium propyl, Be(C3H7)2! is a liquid, B.pt. 244° to 246° C, and 
does not solidify at —17° C. 

Beryll ium di-n-butyl , 2 Be(C4H9)2, is a clear, colourless liquid, 
having a mercaptan-like odour. I t boils at 170° C. at 25 mm. I t 
oxidises rapidly in air, but is not spontaneously inflammable. I t is 
decomposed by water, reacts with phenylcarbimide, and gives a blue 
colour with Michler's ketone. 

Beryllium diphenyl, Be(C6H5)2, and beryllium di-p-tolyl , 
Be(C6H4,CH3)2, may be readily prepared by heating beryllium with 
ecjui\Talent quantities of mercury diphenyl and mercury di-p-tolyl and 
a trace of mercuric chloride in sealed tubes at 225° C. for six hours. 

Beryllium methyl and ethyl iodides,3 Be(CH3)I and Be(CaHs)I. 
—These compounds are best prepared as follows: About 0-5 gram of 
powdered beryllium, 0-2 to 0-5 gram of mercuric chloride, 5 c.c. of the 
alkyl halide, and 25 c.c. of ether are heated for at least fifteen hours at 80° 
to 90° C. in a suitable bottle, the neck of which has been drawn out to a 
fine capillary. The product is then removed from the bottle by breaking 
the capillary, the pressure inside being sufficient to force the liquid out. 

The ethereal solutions of these iodides do not fume in air, and 
removal of the solvent gives a liquid, which on further heating evolves 
dense white fumes, probably of beryllium oxide. Heating changes the 
alkyl beryllium halides to beryllium dialkyls. All the alkyl halide com
pounds are decomposed by water, with formation of the corresponding 
hydrocarbon. When carbon dioxide is passed through ethereal beryl
lium methyl iodide for three hours, the solution still gives a positive test 
and no acetic acid is found after hydrolysis. Acetanilide is formed from 
beryllium methyl iodide and phenyl isocyanate. 

In a similar manner beryllium ethyl bromide, Be(C2H5)Br, and 
beryllium n-buiyl iodide^ Be(C4H9)I9 are prepared. In these cases 
beryllium chloride or free bromine may be used as catalysts. 

Beryll ium phenyl iodide, Be(CeHs)I, gives a positive test when 
prepared in the presence of mercuric chloride after fifteen hours heat
ing at 80° to 90° C, and is also readily prepared by heating at 150° 
to 175° C. with either mercuric or beryllium chloride as catalyst. 

MAGNESIUM. 

Magnesium dimethyl, Mg(CH3)2,4 may be prepared by heating 
magnesium turnings with mercury dimethyl for thirty-six hours at 
130° C. I t is described as a grey-yellow mass, which reacts with ex
plosive violence with water. The addition of acetyl chloride to a well-
cooled ethereal solution of the compound in a nitrogen atmosphere 

1 Cahours, AnnaUn, 1860, 114, 243. 
2 Oilman and Schulze, he, tit. 
3 Gilman and Schulze, J. Armr. Ghem. Soc, 1927, 49, 2904 ; see Durand, Compt. rend., 

1926, 182, 1162. 
4 Lohr, Annalen, 1891, 261, 48 ; Fleck, AwnriUn, 1893, 276, 129. 
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yields trimethyl carbinol. When hydrogen iodide is passed into the 
mixture, tertiary butyl iodide is formed. 

Magnesium diethyl, Mg(C2H5)2.1--Fresh mercury diethyl and 
magnesium powder are heated together in a sealed tube at 130° C. in 
the presence of a small amount of mercuric chloride. The product thus 
isolated is a light grey or brown powder, spontaneously inflammable in 
air. Magnesium diethyl is soluble in ether, this solution reacting with 
an ethereal solution of acetyl chloride to give methyldiethyl carbinol. 

Magnesium dipropyf, Mg(C3H7)2? has been prepared without the 
use of a catalyst.2 

Magnesium diphenyl, MgPh2.—Mercury diphenyl and magnesium 
powder are heated to 200° C. in an atmosphere of nitrogen, when the 
magnesium compound is isolated as a white powder. I t is insoluble in 
carbon disulphide or benzene, but soluble in absolute ether, and when 
boiled in the latter solvent in a stream of hydrogen, filtered and evapor
ated under 5° C. the compound crystallises in transparent feathery 
needles. These contain ether of crystallisation which may be removed 
by the heat of the hand, an amorphous product resulting.3 It burns in 
air, forming magnesium oxide, and by slow oxidation gives Mg(OPh)2. 
Water decomposes magnesium diphenyl with the formation of benzene 
and magnesium hydroxide. Bromine in ethereal solution forms bromo
benzene and magnesium bromide, no magnesium phenyl bromide being 
isolated. With phosphorus trichloride only traces of diphenyl phos
phorus chloride are formed. Benzal chloride reacts with the compound 
when heated for three hours in a sealed tube at 100° C, giving triphenyl 
methane and magnesium chloride. When magnesium diphenyl is 
heated in a sealed tube at 280° C. until it decomposes, the principal 
product obtained by extraction of the product with benzene is 
di phenyl. 

ZINC. 

Zinc dimethyl, Zn(CH3)2 or ZnMe2, may be prepared in several 
ways : 

1. By heating methyl iodide with an excess of zinc in a sealed tube 
at 150° to 160° C.4 

2. Methyl iodide arid dry zinc turnings or dust are heated for six to 
nine days in an iron flask carrying a reflux condenser, the reaction 
product being distilled in an atmosphere of carbon dioxide.5 

3. Methyl iodide and zinc are heated together to form zinc methyl 
iodide, Me.Znl, which is decomposed on distillation to yield zinc methyl 
and zinc iodide.6 

4. Three parts of methyl iodide and two parts of anhydrous ether 

1 Oilman and Sckilze, J. Amer. Ohem. Soc, 1927, 49, 2328 ; see Lohr, ibid.; Fleck, 
ibid, 

2 Fleck, loc. cit, 
3 Hilpert and Griittner, Ber., 1913, 46,1675 ; Waga, Annalen, 1894, 281, 320. 
4 Frankland, AnnaUn, 1853, 85, 347; see also Butleiw, Annalen, 1867, 144, 2. 
5 Ssimonowitsch, J. Buss. Phys. Chem. Soc, 1898, 30, 40 ; Chem. Zentr., 1899, i. 

1006; see Worobjeff, J. Buss. Phys. Chem. Soc, 1899, 31, 45; Chem. Zentr. 1899, i. 
1067 ; Ipatiew, J. pratt. Chem., 1896, [2], 53, 275; Kaulfuss, Bet., 1887, 20, 3104. 

k Frankland, Annalen, 1855, 95, 28; WanHyn, Trans. Chem. Soc, 1861, 13, 124; 
Fileti and Cantapulo, Gazzetta, 1892, 22, ii. 388; Lachmann, Amer. Chem, J., 1900, 24, 
33, 34, 
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are heated with zinc in a copper digester at 100° C. for six hours. The 
reaction mixture is then distilled from the water-bath, the fraction 
between 48° to 51° C. corresponding to 2ZnMe2.Et20. If methyl ether 
is used, 2ZnMe2.Mc20 is obtained, which distils about 43° C , and in the 
absence of ether, pure zinc dimethyl is isolated.1 

5. One hundred and twenty parts of methyl iodide, 90 parts of 
zinc, and 100 parts of 1 per cent, sodium amalgam and a drop of 
ethyl acetate are mixed in the cold. They are then heated to 45° C. 
for thirty-six hours and the bath finally raised to 90° C , when the 
contents of the flask solidify. Distillation from an oil bath produces 
zinc dimethyl, distilling at 47° C. constant.2 

G. By heating methyl iodide with zinc-copper couple.3 • 
Zinc dimethyl is a colourless, strongly refracting liquid, having a 

characteristic, pungent smell and is very volatile. When cooled in a 
freezing mixture it solidifies and melts at —40° C.4 I t boils at 46° C. and 
has a density of 1-386 at 10-5° C.5 In air it is spontaneously inflammable, 
burning with a greenish-blue flame,6 but if the oxidation is allowed to 
proceed slowly, zinc methyl methylate, ZnMe.OMe, is produced, together 
with some zinc methylate, Zn(OMe)2.7 Water decomposes zinc di
methyl with formation of zinc hydroxide and methane. Zinc dimethyl 
undergoes reactions with various substances, as indicated in the following 
table ;— 

REACTIONS OF ZINC DIMETHYL. 

Reacting Substance. 

Sulphur dioxide. 

Nitric oxide. 

Phosgene. 

Tertiary butyl iodide. 

Acetone C h l o r i d e , 
MeaCCl2. 

Acetyl chloride, then 
water. 

Acetyl chloride, using 
excess of zinc di
methyl, then treat
ing with water after 
long standing. 

^Resulting Products. 

Methane sulphinie acid. 

Coni pound of methylnitroso-
hy droxy lamine, 
ZnMea.Zn(CHsOaNg)a. 

Trimethylcarbinol. 

Tetramethylmethane. 

Tetramethylmethane. 

Acetone. 

Trimethylcarbinol. 

REFERENCES. 

Hobson, Annalen, 1858,106, 288. 

Frankland, Annalen, 1850, 99, 
309. 

Butlerow, Jahresber., 1863, p. 
475; 1864, p. 496. 

I/wow, ZeiUch, Chem., 1870, p. 
520. 

L-wow, Zeitsch. Chern., 1871, p. 
257. 

Freund, Annalen, 1861, 118, 12 ; 
Butlerow, Annalen, 1867,144, 
2 ; see Pawlow, Annalen, 
1877, 188, 106, 114, 118. 

1 Frankland, Trans. Chem. Soc, 1861, 13, 124 ; see also "VTanklyn, he. cit. 
2 Ladenburg, Annalen, 1874, 173, 147 ; Wagner, J. pmkt, Chem., 1891, [2], 44, 261. 
3 Renshaw and Greenlaw, J. Amer. Chem. 80c, 1920, 42, 1472. 
4 Hasse, Ber., 1893, 26, 1053. 
5 Frankland and Duppa, Annalen, 1864, 130, 119. 
6 Frankland, Annalen, 1853, 85, 347. 
7 Butlerow, Zeitsch, Chem., 1864, p. 403 ; Jahresber., 1864, p. 467. 

VOL. XI. ; I . 2 
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Reactions of Zinc Dimethyl—continued. 

Reacting Substance. 

Chloral. 

Silicon tetrachloride. 

Lead chloride. 

Phosphorus tri
chloride. 

Arsenic trichloride. 

Tin diethyl di-iodidc 

Tin triethyl iodide. 

Me thylmer curie iodide. 

Methyl alcohol (small 
quantity). 

„ (excess). 

Ethyl alcohol. 

Acetone. 

Chlorof orotic et hy 1 
ester. 

1-Bromo-l-mtro-
ethane. 

Tetraethylester of 
orthosilicic acid. 

Resulting Products. 

Trichloroisopropyl 
alcohol. 

Silicon tetramethyl. 

Lead tetramethyl. 

Compound of zinc chloride 
and trirnethyl phosphine. 

Trimethylarsine. 

Tin dimethyl diethyl. 

Tin methyl triethyl. 

Mercury dimethyl. 

Zinc methyl methylate. 

Zinc methylate. 

Zin.c ethylate. 

Mesityl oxide and higher 
condensation products. 

Ethylene, methane, carbon 
dioxide, zinc chloride. 

2-Nitropropane. 

Zinc metKyl ethylate, tri
ethyl ester of methyl 
orthosilicic acid. 

REFERENCES. 

Garzarolli-Thurnlakh, Annalen, 
1881, 2io, 77. 

Priedel and Crafts, Ann. Chim. 
Phys., 1870, [4], 19, 360; 
Annalen, 1865, 136, 203. 

Cahours, Annalen, 1862, 122, 67. 

Cahours and Hofmann, Gompt. 
rend,, 1855, 41, 832; Jdhres-
ber., 1885, p. 537 ; Annalen, 
1857, 104, 29. 

do. 

Frankland, Annalen, 1859, i n , 
50. 

Cahours, Annalen, 1862, 122, 60. 

Buckton, Annalen, 1859, 109, 
222. 

Butlerow, Jahresber., 1864, p. 
467. 

do. 

Tolkatschew, J. Buss. Phys. 
Chem. Soc, 1901, 33, 470 ; 
GUm. Zentr., 1901, ii. 1200. 

Pawlow, A nnalen, 1877, 188, 133. 

Butlerow, Jahresber., 1863, p. 
474; Zeitsch. Chem,, 1863, p. 
486. 

Bewad, J. prakt. Ohem., 1893, 
[2], 48, 352. 

Ladenburg, Annalen, 1874, 173, 
148. 

Zinc diethyl, Zn(C2Hs)2 or ZnEt2, may be obtained : 
1. Ninety grams of zinc filings "and 10 grams of finely divided 

copper (from the oxide) are heated with a good flame in a 300-c.c. 
capacity flask, to form a couple. Then 87 grams of ethyl iodide are 
added and the whole heated at 90° C. In fifteen minutes the conversion 
to ethiodide is complete and the product is distilled in a hydrogen 
atmosphere, 31 grams of zinc diethyl being obtained, 90-4 per cent.1 

l Gladstone and Tribe, Trans. Chem. Soc, 1879, 35, 571; see Lachman, Amer. Chem. </., 
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2. Ey heating ethyl iodide with an excess of zinc in a sealed tube at 
150°tolG0°C.1 ' 

3. Equal volumes of ether and ethyl iodide are heated in a copper 
digester at 130° C. and the reaction product distilled.2 

4. By heating an alloy of zinc and sodium with ethyl iodide in a 
carbon dioxide atmosphere.3 

5. Mercury diethyl and zinc are heated in a sealed tube at 100° C.4 

Zinc diethyl is a colourless liquid of penetrating odour, spontaneously 
inflammable in air.5 I t may be solidified in a freezing mixture and melts 
at - 2 8 ° C.6 It boils at 118° C., and has a density of 1-182 at 18c C. 
and 1-245 at 8° C.7 

The molecular refraction and dispersion of zinc diethyl compared 
with tin tetraethyl is as follows :—8 

ZnEt 2 

SnEt 4 

Temp. 

8-0° C. 
0 ° C . 

Density. 

1-245 
1*4089 

?u. 

1-4936 
1-5065 

Experimental. 

Molecular Refraction. 

ZnEt 2 48-88 
SnEt 4 48-12 

Molecular 
Dispersion. 

3-97 
5-54 

njy. 

1-5143 

nw. 

1-5141 

nu. 

1*5336 
1-5403 

Theoretical. 

Molecular 
Refraction. 

42 8 
84-6 

Molecular 
Dispersion, 

The heat of formation of zinc diethyl from its elements is as follows :—9 

[Zn]+4[C]+5(H 2HZnEt 2 -31,800 calories. 

Zinc diethyl is decomposed by sulphuric and hydrochloric acids with 
evolution of heat : 

Z n E t 2 + H 2 S 0 4 - 2 C 2 H 6 + Z n S 0 4 +79,800 calories. 
ZnEt2+2HCl=2C2H6+ZnCl2+78,000 calories. 

1 Frankland, Annalen, 1353, 85, 360. 
2 Frankland, Annalen, 1855, 95, 28 ; see also Pebal, Annalen, 1801, 118, 22; ibid., 

1862, 122, 105. 
3 Rieth and Beilstein, Annalen, 1S62, 123, 246 ; 1863, 126, 248 ; see also Alexeyeff and 

Beilstein, Jakresber., 1864, p. 469 ; Gompt. rend., 1864, 58, 171 ; Bewad, / . praH. Chem., 
1849, [2], 48, 350 ; Rathke, Annalen, 1869, 152, 220. 

4 Frankland and Duppa, Trans. Chem. Soc, 1864, 17, 29; Annalen, 1864, 130, 117. 
For other methods using zinc and ethyl iodide, see Frankland, Annalen, 1853, 85, 
360 ; Wichelhaus, Annalen, 1869, 152, 321; Ssimonowitsch, J. Buss. Phys. Chem. Soc.t 
1899, 31, 40 ; Chem. Zentr., 1899, i. 1066; Fileti and Cantapulo, Qazzetia, 1892, 22, iz. 
387; Chapman, Zeitschrifi fur Chemie, 1887, p. 74; KaWfuss, -Be/., 1887, 20, 3154; 
Sohon, J. prakt. Chem., 1850, [2], 51, 100. 

5 Frankland, Annalen, 1855, 95, 42. 
6 Haase, Ber., 1893, 26, 1053. 
7 Gladstone, Trans. Chem. Soc, 1891, 59, 293. 
8 Gladstone, ibid. 
a Guntz, Jahresber., 1887, p. 242. 
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The reactions between zinc diethyl and various compounds have 
been collected together in the following table :— 

REACTIONS OF ZINC DIETHYL. 

Reacting Substance. 

Chlorine, bromine, or 
iodine. 

| Bromine or iodine in 
ether solution. 

Air passed through 
etlter solution of 
zinc diethyl. 

Water. 

Sulphur dioxide or tri
oxide. 

Nitric oxide. 

i 

1 Ammonia gas passed 
into ether solution 
of zinc diethyl. 

Cyanusen. 

I Cyanogen chloride. 

1 Cyanogen iodide. 

Liquid carbon dioxide 
under pressure. 

Sodium. 

j Phosphorus trichloride. 
t 

1 

| Arsenic trichloride. 

Antimony trichloride. 

Silicon tetrachloride. 

Resulting Products. 

Decomposition with vio
lence, inflaming in the 
case of chlorine. 

Ethyl halide, zino halide. 

Compound EtZn.O.O.Et. 

Zinc hydroxide, ethane. 

Ethane sulphinic acid. 

Compound ZnEU.Zn 
(CaHsOaN3)a. 

Zincamide, ZnfNHo)*. 

Ethyl cyanide. 

Etlryl cyanide. 

Zinc cyanide, ethyl iodide. 

Zinc propionate. 

Compound ZnEt2 .NaEt. 

Compound of zinc chloiide 
and triethylphoaphine. 

Triethylarsinc. 

Trie thylsti bine. 

Silicon tetraethyl. 

REFERENCES. 

Frankland, Annalen, 1855, 95, 
51. 

do. 

Demuth and Meyer, Ber., 1890, 
23, 394; see also Frankland, 
Annalen, 1855, 95, 42 ; Frank-
land and Duppa, Annalen, 
1865, 135, 30. 

Frankland, Annalen, 1853, 85, 
360. 

Wischin, Annalen, 1866, 139, 
367 ; see also Hobson, Anna
len, 1857, 102, 76. 

Frankland, Annalen, 1856, 99, 
345. 

Frankland, Jahrzsber., 1857, p. 
418 ; J, proB. Chem., 1858, 
[1], 73, 35. 

Frankland and Graham, Trans, 
Chem. 80c, 1880, 37, 740. 

Gal, Compi. rend., 1868, 66, 49 ; 
Annalen, 1868, 147, 27. 

Calmels, Compi. rend., 1884, 99, 
239; Bull, Soc. chim., 1885, 
[2], 43, 82. 

Schmitt, J. praH. Chem., 1847, 
[21, 42, 568. 

Wanklyn, Annalen, 1858, 107, 
125 ; 1858, lo8, 70. 

Cahours and Hofmann, Compt. 
rend,, 1855, 41, 832 ; Jahres-
ber., 1855, p. 537 ; Annalen, 
1857, 104, 7 ; Annalen fipl, 
1861, 1, 2. 

do. 

Hofmann, Annalen, 1857, 103, 
357. 

Friedel and Crafts, Ann. Chim. 
Phys., 1870, [4], 19, 3 3 5 ; 
Annalen, 1863, 127, 31. 
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Reactions of Zinc Diethyl—continued. 

Reacting Substance. 

Stannous chloride. 

Lead chloride. 

Mercurous or mercuric 
chloride. 

Cupric chloride. 

Silver chloride, ferric 
iodide, zirconium 
chloride, titanium 
chloride. 

Methylmercuric iodide. 

Ethylmercuric iodide. 

Tin diethyl di-iodide. 

Carbon bisulphide. 

Chloroform. 

Carbon tetrachloride. 

Bromoform. 

Vinyl bromide. 

tert. Butyl iodide. 

Allyl iodide. 

Methylene iodide. 

Resulting Products. 

Tin tetraethyl. 

Lead tetraethyl. 

Mercury diethyl. 

Ethane, butane, ethylene, 
metallic copper. 

Similar to above. 

Mercury diethyl, zinc di
methyl. 

Mercury diethyl. 

Tin tetraethyl. 

Compouzid ZnEt2.CH2. 

Probably Et.CH.=OH.CHs 
and some propylene. 

Ethylene, propylene. 

Ethyl bromide, propylene. 

a-Butylene. 

Trimethylethylmethane. 

Ethylene, propylene, pen-
tane, diallyl and a hydro
carbon, C5H10. 

Ethylene, butane. 

REFERENCES. 

Erankland and Lawrance, Trans. 
Ch&m. Soc, 1879, 35, 130. 

Buckton, AnnaUn, 1859, 109, 
223 ; 112, 226 ; Frankland 
and Lawrance, Trans. Onem. 

• Soc, 1879,35,244. 

Buckton, AnnaUn, 1830, 109, 
219 ; Jahresber., 1858, p. 390. 

Wanklyn and Carius, AnnaUn, 
1861, 120, 69. 

Wanklyn and Carius, ibid. ; 
Buckton, AnnaUn, 1859, 109, 

* 225; Hinsberg, AnnaUn, 1887, 
239, 254 ; Patcrno and Pera-
toner, Ber., 1889, 22, 467. 

Frankland, AnnaUn, 1859, 111, 
57 ; Jahresber., 1859, p. 413. 

Buckton, AnnaUn, 1859, 109, 
222 ; Jahresber., 1858, p. 390. 

Buckton, ibid. ; Erankland, 
AnnaUn, 1859, i n , 46. 

Crabowski, AnnaUn, 1866, 138, 
165. 

Rieth and Beilstein, AnnaUn, 
1862, 124, 245. 

do. 

Alexeyeff and Beilstein, Bull. 
Soc. chim., 1864, [2], 2, 52; 
Jahresber., 1864, p. 470. 

Wurtz, AnnaUn, 1869, 152, 22 ; 
see also Chapman, Trans. 
Chem. Soc, 1867, 20, 28; 
AnnaUn, 1867, 144, 255. 

Goriainow, AnnaUn, 1873, 165, 
107. 

Wurtz, AnnaUn, 1862, 123, 203 ; 
1863, 127, m ; 1868, 148, 36 ; 
see also Wagner and Saizew, 
AnnaUn, 1875, 179, 304. 

Lwow, J. Buss. Pht/s. Ghem. 
Soc, 1870, 3,170 ; Jahresber., 
1871, p. 419. 
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Reactions of Zinc Diethyl—continued. 

Reacting Substance. 

Nitroethane, then 
water. 

2-Nitropropane, tlieu 
water. 

i-Broino-i-mtro-
ethane. 

Alkyl nitritt'S, 
K.O.KO. 

Xitrohobeiuoiie. 

Paraldehyde or alky-
lene oxides. 

Acetaldehyde. 

Acrolein. 

Chloral or buiyro-
chloral, 

j Dichloroacetal. 

Acetone* 

Chlorodiniethyl ether, 
Similar reaction with 

chloromethylethyl 
ether. 

Diethyl oxalate or 
ethyl oxalyl chloride. 

Malonic ester. 

Resulting Products. 

2-Nitrobutane, CH^.CH 
(N08).CaH3andN-ethyl-
N-see.-buty Hydroxyl
amine, CH3.CH(C,HB). 
N(OH).CaHfi. 

2-Nitro-2-methyI-butane 
and N-ethyl-N-tert.-
a my Hydroxylamine. 

2-Nitrobutane. 

Diethylhydroxylamine, 
{r3H,)sN.OH, and 
alcohols* of type R.OH. 

Phenyl hydroxylamine, 
azoxy benzene. 

No action. 

Me tliylet hylca rbinul. 

Ethyl vhrylcaibinol. 

Ethylene and correspond
ing primary alcohols.. 

Ethyl chloride, propylene, 
diethyl ether. 

Mesityl oxide and other 
condensation products. 

Methylpropyl ether. 

a-Oxydiethyl-aqetic ethyl 
ester. 

Phloroglucm dicarboxylic 
acid diethyl ester. 

REl'ERJiJNOiBS. 

Bewad, J. pralct. Chem,., 1901, 
[2J, 63, 90,193 ; &ce also Lach-
man, J. Amer. Ghem. Soc, 
1901, 23, 897; Mamlock and 
Wolffenstein, Ber., 1901, 34. 
2-199. 

do. 

Bewad, J. MUM. Pity*. Chem. 
Soc, 1888, 20, 133 ; J. praK 
Chem., 1893, [2], 48, 356. 

Bewad, J. pm/ck. Vhem., 1901, 
[2], 63, 95. 

La-chm&n, Amer. Chem. J., 1899, 
21, 437, -442 ; -/. Amer. Chem. 
Soc, 1901,23, 901. 

(Jranich&tadten and Werner, 
Monntsh., 1901, 22, 323, 325. 

Wagner, J. Ittt&>. Pkyft. Chem. 
Soc, 1876, 8, 39 ; Annalen, 
1876, 1S1, 261. 

Wagner, J. fiui>$, Phys. Chem. 
Soc, 1884, 16, 315. 

(rctzarolli-Thurnlakh, A nnalen, 
1881, 210, 63 ; 1882, 213, 
369 ; sec also Delaere, Compt. 
rend., 1887, 104, 1184 ; Bull 
Soc. chim., 1SS7, [2], 48, 784. 

Paternd, Annalen, 1869, 150, 134. 

Pawlow, Annalen, 1877, 188, 
- 130. 

Henry, Uompl. twid., 1891, 113, 
369 ; Bull. Soc. chim., 1892, 
[3], 7> 150. 

Prankland, Annalen, 1863, 126, 
109 ; Frankland and Duppa, 
Annalen, 1865, 135, 29 ; 
Henry, Ber., 1872, 5, 950. 

Lang, Ber., 1886, 19, 2938 ; see 
also Moore, Trans. Ghem. Soc, 
1904, 85, 165. 
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Reactions of Zinc Diethyl—continued. 

Reacting Substance. 

Acetyl chloride. 

Isobutyryl chloride, 
then water. 

Benzoyl chloride. 

Acetic anhydride. 

Acetamide. 

Oxamide. 

Ethylamine. 

Methylamine. 

Tri ethylamine or tri-
ethylphosphine. 

Diphenylnitrosamine. 

Tetraethyl ester of 
orthosUicic acid and 
sodium. 

Resulting Products. 

Methyldiethylcarbinol or 
methylethyl ketone. 

Ethylene, ethylisopropyl 
ketone, ethylisopropyl 
carbinol, dietbyliso-
propyl carbinol. 

Ethylphenyl ketone. 

Methylethyl ketone. 

Zinc acetamide, Zn(NH. 
CO.CH3)2, ethane. 

Zinc oxamide, ethane. 

Ethane, compound 

Zn(NH.C3H5)a. 

Compound Zn[N(C2H5)2]2. 

No action. 

Diethylhydi'osylaminp. 

Triethyisilicane, tetra-
ethylsilicane, triethyl-
silicyl ethyl ether, di
ethyl diethoxysilicane, 
ethyl triethoxysilicane. 
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Zinc dipropyi, Zn(C3H7)2s is obtained as follows :— 
1. By heating mercury dipropvl and zinc in a sealed tube at 120° to 

130° C.1 

2. By heating propyl iodide and sine turnings under a reflux con
denser at 130° C.2 Yield 30 per cent. 

3. By heating together propyl iodide and zinc copper couple, then 
distilling the reaction mixture in a stream of carbon dioxide. Yield 
75 per cent.3 

1 Cahours, Compt. rend., 1873, 76, 135, 751 ; Jahresber., 1873, p. 518. 
2 Pape, Ber., 1881, 14, 1873. 
3 Gladstone and Tribe, Ber., 1873, 6, 1136; see also Henry, Compt. rend., 1891, 113, 

370. 
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4. Propyl iodide, 140 grams, and 5 grams of sodium zinc alloy arc 
heated with 280 to 350 grams of zinc turnings for four to five days on 
the water-bath. Distillation of the product gives a 43 to 50 per cent, 
yield of zinc dipropyl.x 

Zinc dipropyl is a colourless, heavy liquid of very unpleasant smell, 
and its boiling-point differs according to the various investigators as 
follows: 140° C. (Gladstone and Tribe); 148° C. (Schtschcrbakoff); 
150° C. (Pape) ; 158° to 160° C. (Cahours). It undergoes the following 
reactions :— 

1. Decomposed by water, with evolution of propane. 
2. With phosphorus and arsenic trichlorides it yields tripropyl-

phosphine and tripropylarsine respectively. 
3. With trichlorosilicane it gives tripropyl and tetrapropylsilicanes.2 

4. With tin tripropyl iodide, tin tetrapropyl is formed. 
5. With acetaldehyde, ethyl alcohol and methylpropylcarbinol are 

formed.3 

0. Chiorodi methyl ether with zinc dipropyl yields methyl-n-butyl 
ether.4 

7. With acetyl chloride, methylpropylcarbinol is formed and 
propylene evolved.5 In a similar way butyryl chloride gives dipropyl 
carbinol6 

Zinc di-isopropyl, Zn(C3H7)2, results as follows :— 
1. Isopropyl iodide and zinc copper couple are heated at 50° C. and 

finally at 100° C.7 

2. Isopropyl iodide (170 grams) in 100 grams of ether are heated for 
nine hours with 100 grams of zinc and 2 to S grams of sodium zinc alloy 
on a boiling water-bath, and the product distilled from an oil bath in a 
stream of carbon dioxide.8 

3. Isopropyl iodide (125 grams) and 140 grams of zinc dust are 
added to a large quantity of zinc turnings and the whole heated at 40° C. 
on the water-bath. Yield 25 per cent.9 

Zinc di-isopropyl is a mobile liquid, fuming strongly in air and 
readily oxidised to zinc di-isopropylate, Zn(OC8H7)2. I t boils with some 
decomposition at 135° to 137° C, but without decomposition at 94° to 
98° C. at 40 mm. It inflames when a large surface is exposed to the 
atmosphere. 

Zinc di-isobutyl, Zn(C4H9)a, may be prepared by the following 
methods :— 

1. By heating mercury di-isobutyl and zinc in a sealed tube at 130° 
to 150° C.10 

1 Schtschcrbakoff, J. Rugs. Phjs. Vhem. Soc, 1881, 13, 350 ; Jahresber., 1881, p. 890 ; 
Ber., 1881, 14* 1710. 

2 Pape, Annalen, 1884, 222, 359 ; Ber., 1881, 14, 1873. 
3 Wagner, J. Muss. Phys. (Jkem, Soc, 1884, 16, 283. 
4 Henry, Bull. Soc. cMm,, 1892, [3], 7, 150. 
* Markownikoff, J. Buss. Phys. Chem. Soc, 1883, 15, 406: Ber., 1883, 16, 2284; see 

also Wagner-J. Bvss. Phys. CUm. Soc, 1884, 16, 336; GarzaroUi-Thurnlaokh, Annalen, 
1884, 223, 164. 

» Schtscherbakoff,J. Rim. Phjs. Chem. Soc, 1881, 13, 343 ; Jahresber., 1881, p. 890 : 
see also Bogomolez, Annalen, 1881, 209, 92. 

7 Gladstone and Tribe, Ber., 1873, 6, 1136. 
8 Ragosin, J. Rues. Pkys. Chem. Soc, 1892, 24, 550. 
9 Bohm, -/. Rvss. Phys. Chem. Soc, 1899, 31 46 

Chem., 1836, [2j, 8, 398; Marquardfc, Ber., 1888, 21, 2038. 
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2. By heating zinc with isobutyl iodide for eight to ten hours on a 
water-bath, until gas evolution ceases, then rapidly distilling the product. l 

Yield 35 to 41 per cent. 
3. By heating zinc and Isopropyl iodide for sixty hours under a 

pressure of 30 mm. on a water-bath, then distilling off the product in an 
atmosphere of hydrogen.2 

Zinc di-isobutyl is a liquid, B.pt. 165° to 167°"t.s less readily oxidised 
than zinc dipropyl. I t reacts vigorously with trihalides of phos
phorus and arsenic, yielding corresponding phosphines and arsines. 
With acetaldehyde it forms principally ethyl alcohol, but also a little 
isobutyl alcohol,3 and with isovaleryl chloride it gives di-isobutyl 
ketone.4 

Zinc di- isoamyl, Zn(C 5 H u ) 2 , is prepared either by heating iso
amyl iodide and zinc at 180° C.5 or by heating mercury di-isoamyl and 
zinc in a sealed tube at 130° C.6 I t is a liquid, fuming in air and boiling 
at 220° C. and has a density of 1-022 at 0° C. With acetaldehyde it 
forms methylisoamyl carbinol, isoamyl alcohol, and ethyl alcohol.7" 

Zinc methyl methylate, CH3.Zn.OCH3, is obtained by dissolving 
zinc dimethyl in methyl iodide and passing air through the mixture or 
by treating zinc dimethyl with a little methyl alcohol,8 I t forms a 
camphor-like, crystalline mass, usually containing some zinc dimethyl-
ate, Zn(OCH3)2, and is decomposed by water into methane, methyl 
alcohol, and zinc hydroxide. 

Zinc methyl ethylate, CH3.Zn.OC2H5, is formed from zinc di
methyl and the tetraethyl ester of orthosilicic acid.9 I t is a crystalline 
compound, decomposed by water, with separation of zinc hydroxide. 

Zinc ethyl iodide, C2H5.ZnI, may be isolated by the following 
methods :— 

1. Ethyl iodide, zinc turnings, and a little zinc diethyl are alloAved to 
stand in a sealed tube for about a week at room temperature.10 

2. Ethyl iodide and zinc-copper couple are heated under reflux on a 
water-bath for thirty to sixty minutes.X1 

3. Equivalent quantities of zinc and ethyl iodide are mixed with an 
equal volume of ether in a reflux apparatus, the air replaced by carbon 
dioxide, and the mixture heated until all the zinc dissolves. The ether 
is then evaporated off, leaving the zinc ethyl iodide as a crystalline 
mass.12 

Zinc ethyl iodide is a white crystalline product which decomposes 
into zinc diethyl and zinc iodide when distilled in a stream of carbon 
dioxide. The following are some of the reactions carried out with zinc 
ethyl iodide :— 

1 Garzarolli-Thurnlackh and Popper, Annalen, 1884, 223, 168. 
2 Ponzio, GazzeMa, 1900, 30, ii. 23 ; Chem. Zentr., 1900, ii. 624. 
3 Ssokoloff, J. Puss. Phys. Chem. Soc, 1887, 19, 203 ; Jakresber., 1887, p. 1351. 
4 Ponzio, Gazzeita, 1905, 35, ii. 394. 
6 Frankland, Annahn, 1853, 85, 360. 
6 Frankland and Duppa, Annahn, 1864, 130, 122 ; Manjuardt, Ber., 1888, 21, 2038. 
7 Ssokoloff, J. Puss. Phys. Chem. Soc, 1887, 19, 203; Jahresber., 1SS7, p. 1351. 
8 Butlerow, Jahresber., 1864, p. 467. 
9 Ladenburg, Annahn, 1874, 173, 148. 

10 Fileti and Cantapulo, Gazzdia, 1892, 22, ii. 388; Laohman, Amer. Chem. J.t 1900, 
24, 33. 

11 Laohman, ibid. 
13 Michael, Amer. Chem. J.t 1901, 25 423 ; see Job and Reich, Ball. Soc. chim., 1923 

33* [ ivj , 1414. 
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1. When heated with powdered tin it forms tin tetraethyl.3 

2. With isobutyl iodide it gives tr imethylethylmethane, ethylene, 
and isobutylene.2 

3. With allyl iodide it yields ethyl iodide, diallyl, methylethylethy-
Icne, ethylene, propylene.3 

4. Zinc ethyl iodide with nitro-ethane gives /3-ethyl-/2-sec-buty]-
hydroxylanrine,4 and with isoamyl nitrite, /S./3-diethylhydroxylamine. 

5. With chloroacetyl chloride it gives the chloroacetic ester 
of chloromcthyldicthylcarbinol, CH2C1.C(C2H5)2 .0.C0.CH2C1;5 with 
butyryl chloride it forms hcxanon-(3);6 with benzoyl chloride, ethyl 
phenyl ketone is obtained.7 and with benzene sulphonic chloride, the 
main product is zinc benzene sulphinate and a little sulphone. 

6. Zinc ethyl iodide and diethyl malonate yield ethyl-diethyl malon-
ate and some diethyl ester of diethyl malonic acid.8 

7. Zinc ethyl iodide docs not react with carbon dioxide.9 

Zinc e t h y f t r i ch lo roe thy l a t e , C2H5.Zn.O.CH2.CCl3; is obtained by 
the action of zinc diethyl on chloral in ethereal solution.10 The com
pound is crystalline, and with water yields trichloro-ethyl alcohol. 

Zinc I sop ropy l iodide, (CH3)2CH.ZnI.—Zinc and Isopropyl iodide 
arc heated together and the product extracted with ether.1 1 With 
isoamyl nitrite it yields N.N-di-isopropyl hydroxylamine, and with 
nitroethane, X-isopropyl-N-(a./3-dimethy3propyl)-hydroxylamine is 
obtained. 

Zinc d i p h e n y l , ZnPh2 ,12 is obtained by boiling mercury diphenyl and 
zinc for two minutes in an atmosphere of hydrogen. On cooling, 
rosettes of crystals of zinc diphenyl separated, M.pt. 105° C. The com
pound is dried in a vacuum apparatus at SO0 C. in hydrogen atmosphere ; 
it then melts (in hydrogen) sharply at 105° to 106° C. Zinc diphenyl is 
susceptible to air and light, and in presence of water yields zinc hydroxide 
and benzene. In dry air it decomposes into zinc oxide and diphenyl. 
I t inflames with fuming nitric acid. In hydrogen, zinc diphenyl boils 
under ordinary pressure at 280? to 285° C. with slight decomposition. • 
I t is easily soluble in benzene, ether, and light petroleum, also in chloro
form with evolution of heat. Wrhen the reaction product from the 
chloroform solution is decomposed with dilute nitric acid there is much 
chlor-ion in solution, and triphenylmethane may be isolated from the 
chloroform solution. From an iodine solution of zinc diphenyl, phenyl 
zinc iodide is obtained. Zinc diphenyl heated with fifteen atomic 
proportions of mercury for ten minutes gives only traces of mercury 
diphenyl. 

1 Letts and Collie, Jahresber., 1S80, p. 1601. 
- Ksimonowitsch, •/, Ruas. Phys. Ckem. Soc, 1899. 31, 41 ; Chcm. Zentr., 1899, i. 1066. 
5 Gwosdow, J. Buss. Phys. Chem. Soc, 1903, 35, 340 ; Chem. Zentr., 1903, ii. 339. 
1 Bewad, Ber., 1907, 40,3072 ; J. Rv$$. Phys. Chem. Soc, 1907, 39, 958 ; Chem. Zentr., 

1008, i. 115. 
4 Blaise and Herman, Ann. Chim. Phys., 1911, [SJ, 23, 522. 
6 Michael, Ber., 1906, 39, 2144. 
7 Michael, Amer. Chem. J., 1901, 25, 423. 
s Michael, ibid., 424. 
9 Zelinaky, Ber., 1902, 35, 2694. 

10 Garzarolli-Thurnlackh, Annalen, 1881, 210, 64 ; Delacre, Bull Soc. cMm., 1887, T21 
48. 785. L J 

11 Bewad, Ber., 1907, 40, 3066; J. Buss. Phys. Chem. Soc, 1907, 39, 950: Chem 
Zmfr., 1908,i. 115. 

13 Hilpert and Gruttner, Ber., 1913, 46, 1675. 
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The physical constants for some mixed zinc alkyls l arc given in the 
Appendix, Table I. 

CADMIUM.2 

Lohr 3 from metallic cadmium and methyl iodide obtained a small 
quantity of cadmium methyl, but he was unable to purify it. Wanklyn 4 

also obtained a small amount of liquid, undoubtedly cadmium diethyl, 
by the interaction of ethereal ethyl iodide and metallic cadmium. 
These compounds have since been obtained in good yields from cadmium 
halides and alkyl magnesium halides. Since the compounds are oxidised 
in air and affected by moisture, the Grignard solutions cannot be decom
posed by water, but are distilled directly, and the product purified by 
fractionation under reduced pressure. The boiling-points are high com
pared with those of the mercury dialkyls. This is not due to associa
tion, since the molecular weights determined by the freezing-point 
method indicate single molecules, and the vapour density of the 
methyl compound is normal. The pure cadmium dialkyls arc colourless, 
strongly refracting liquids, for the most part crystalline on strong 
cooling. They possess an unpleasant musty odour, and have a 
metallic taste. The low molecular compounds, especially the methyl 
derivative, are extremely volatile at ordinary temperatures, their 
vapours irritating the mucous membrane of the nose. They volatilise 
along with ether vapour, especially cadmium dimethyl, so that the 
complete separation, in spite of the wide difference of boiling-point, 
only succeeds with appreciable loss, even when a fractionating column 
is used. This bears a resemblance to zinc dimethyl which gradually 
decomposes on distillation.5 In a nitrogen atmosphere in the dark, 
cadmium dialkyls may be kept for a month without decomposition. 
In the presence of traces of air or moisture they become coloured, par
ticularly rapidly in the light, when they change to steely-blue, and 
a black deposition of metal occurs. The methyl compound gives 
a white precipitate. When poured upon a watch-glass they oxidise 
rapidly without inflaming, giving off brown fumes. They carbonise 
filter paper, which ultimately glows. They inflame under suitable con
ditions, and do so with hissing when drained from a pipette. Cadmium 
dimethyl differs from all other cadmium dialkyls in its oxidisability. It 
fumes less in air and becomes coated only with a white crust of methylate. 
In water the compounds sink, and when shaken slowly decompose with 
a crackling noise, continuing thus for hours. With most organic 
solvents they are miscible, the solutions in air becoming covered with a 
white film. Pure cadmium dialkyls can be heated in an indifferent gas-
stream to 150° C. without decomposition. At slightly higher temper
atures they begin to decompose with evolution of gas and deposition 
of black metallic cadmium, and at ISO0 C. they explode. 

C a d m i u m d imethy l , CdMe2.—Twenty-nine grams (1-2 mols.) of 
magnesium and the requisite amount of methyl bromide are dissolved in 
350 c.c. of ether, and 136 grams (0-5 mol.) of finely powdered, anhydrous 
cadmium bromide introduced in small quantities, with good shaking and 

1 Krause and Froinm, B&r„ 1926, 59> [B], 931. 
2 Krause, Ber.t 1917, 50, 1813. 
3 L6hr, Annalm, 1853, 87, 55. 
4 Wanklyn, Quart. J. Chem. Soc, 1856, 9, 193 ; Jahresber., 1856, p. 554 
5 Frankland, Annalen, 1859, i n , 62. 
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without cooling. When the reaction is complete, the majority of the 
ether is distilled off in a stream of nitrogen, using a fractionating column, 
and a temperature not above 80° C. The residue is distilled from an oil 
bath, in nitrogen, at a pressure of 13 mm., the ether and cadmium 
methyl being collected in a receiver cooled in liquid air or carbon dioxide-
ether mixture. After one hour the temperature is raised to 120° C. 
The product is fractionated to remove the ether, then distilled in nitrogen 
at ordinary pressure. At 105-6° C. 60 grams of pure cadmium methyl 
are obtained. Yield 85 per cent. When poured into water it sinks, 
evolving methane and giving a precipitate of cadmium hydroxide. 
When cooled it solidifies, melting at —4-5° C, the crystals taking the 
form of star-shaped rods when the product is distilled under reduced 
pressure into a receiver cooled in liquid air. 

The following cadmium alkyls may be prepared in a similar manner, 
the yields being shown in each case:— 

Cadmium diethyl, 90 per cent. ; cadmium di-n-propyl, 85 per 
cent. ; cadmium di-n-butyl, 70 per cent.; cadmium di-isobutyl, 
75 per cent. ; cadmium di-isoamyl, 55 per cent. 

The physical constants of these compounds are shown in the 
Appendix, Tables II. and III. 

Cadmium diphenyl, CdPhg,1 may be obtained by heating metallic 
cadmium and mercury diphenyl in an atmosphere of hydrogen. I t is 
stable in the dry state, but becomes discoloured when kept in a vacuum 
desiccator for an hour. When air is passed through its benzene solution 
several colour changes take place, and a reddish-brown body is finally 
precipitated. With water the brown solution is decolorised and 
cadmium hydroxide precipitated. Cadmium diphenyl quickly de
colorises iodine solution, and the cadmium maybe replaced by mercury 
or zinc with formation of mercury and zinc diphenyl. 

1 Hilpert and Griittner, Ber.t 1913, 46, 1(575. 

* 
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CHAPTER III. 

MERCURY. 

ALKYL COMPOUNDS OP THE TYPES R2Hg AND RHgX. 

T H E early workers on the type R2Hg prepared their compounds by 
making use of dilute sodium amalgams. The alkyl iodides were shaken 
with an excess of sodium amalgam, containing 0*2 to 0-25 per cent, of 
sodium, in the presence of methyl or ethyl acetate, the latter acting as a 
catalyst. In this way the following derivatives were produced, methyl, 
ethyl, n-propyl, isobutyl, isoamyl, and n-octyl. The reaction takes 
place readily at ordinary temperatures and is very vigorous in the case 
of the lower members of the series. Since the discovery of the Grignard 
reagent, the above method of preparation has been abandoned, and 
practically all the compounds have since been isolated by the inter
action of magnesium alkyl halides and mercury halides. Amongst other 
methods of preparation devised for the production of these compounds 
the following are of interest. Mercury dimethyl has been formed from 
methyl mercuric iodide (type RHgX) by distillation with potassium 
hydroxide or cyanide, calcium hydroxide, zinc methyl or granulated 
zinc, or by boiling its pyridine solution with metallic copper. Methyl 
mercuric acetate in the presence of pyridine when subjected to electro
lysis yields mercury dimethyl, also the action of aluminium carbide 
on a dilute hydrochloric acid solution of mercuric chloride. Mercury 
diethyl has been obtained from methyl or allyl mercuric iodides by 
treating them with zinc ethyl and also from a-naphthyl mercuric bromide 
and ethyl magnesium bromide. The latter reaction was carried out in 
an attempt to produce mercury ethyl a-naphthyl. Triethylbismuthine 
is decomposed by mercuric chloride, the mercury replacing the bismuth, 
forming mercury diethyl. The only case when mercuric oxide is used 
in the formation of the type R2Hg is its interaction with ethyl hydrazine 
to produce mercury diethyl. Mercury di-sec-butyl has been formed by 
the electrolysis of methyl ethyl ketone using a mercury cathode. 

All the compounds of the type R2Hg are liquids; the methyl and 
ethyl derivatives are volatile at ordinary temperatures, and are said 
to be very poisonous. Mercury dimethyl, diethyl, and di-n-propyl may 
be distilled under ordinary pressure without decomposition; mercury 
di-isopropyl, di-n-butyl, di-isobutyl and di-sec-butyl, have only been 
distilled under reduced pressure ; mercury di-tert-butyl and di-tert-
amyl show considerable decomposition even when distilled at 5 mm. ; 
mercury di-isoamyl also undergoes decomposition when distilled in 
vacuo, but is volatile in steam, whilst mercury di-sec-octyl cannot be 
distilled at all, since it decomposes even at 3 mm. 

Mercury di-isobutyl and di-isoamyl react with halogens to form 
halides of the type RHgX, and mercury diethyl gives similar results 

29 
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except that it inflames with chlorine. Iodine reacts with mercury di
methyl, di-n-propyl, di-sec-butyl, and di-n-octyl to yield the correspond
ing iodides, RHgL 

1 With acids, mercury dimethyl, diethyl, and di-n-propyl form salts 
of the type RHgX, but mercury di-isoamyl is decomposed by glacial 
acetic acid. 

By electrolysing methyl or ethyl mercuric halides in liquid ammonia 
solution the complexes, MeHg- and EtHg- are obtained as black deposits 
on the cathode, which show metallic reflexion and have a high electrical 
conductivity. 

The mercury may be replaced from mercury dimethyl by sodium, 
magnesium, zinc, or aluminium under suitable condition with formation 
of organometallic compounds of these metals; with mercury diethyl, 
the reaction takes place with sodium, magnesium, cadmium, beryllium, 
zinc, aluminium, bismuth, and tellurium ; with mercury di-n-propyl, 
the metals sodium, beryllium, zinc and aluminium react, and sodium 
also reacts with mercury di-n-octyl. 

Phosphorus trichloride, stannous chloride, and mercuric iodide give 
products of the type RHgX with mercury dimethyl, but cadmium 
iodide does not yield the above type, and antimony trichloride yields an 
organometallic compound. Mercury diethyl reacts with the trichlorides 
of phosphorus, arsenic, and antimony to yield organo derivatives of these 
elements, and with mercuric chloride it gives ethyl mercuric chloride. 

Some of the methods by which the type RHgX may be prepared are 
outlined in the above discussion of the type R2Hg. In contrast to the 
compounds just discussed, all derivatives of the type RHgX are solids. 
It has been pointed out that a number of the halides may be obtained 
by the direct action of halogens. Others may be formed from the 
corresponding hydroxides by the action of acids, whilst tert-butyl, tert-
amyl, and sec-octyl mercuric bromides are prepared by treating the 
magnesium alkyl halides with an excess of mercuric bromide. Mag
nesium n-butyl bromide with an excess of mercuric chloride gives equal 
parts of the chloride and bromide. The halides, especially the iodides, 
may be converted to the hydroxides by moist silver oxide, and in the 
case of the methyl and ethyl compounds they may be obtained direct 
from the R2Hg type by the action of potassium permanganate. 

It was discovered as early as 1852 that mercury combines with 
methyl iodide in sunlight to form methyl mercuric iodide, and a similar 
reaction takes place with ethyl iodide, but owing to the "tendency of 
ethyl mercuric iodide to decompose in direct sunlight, the operation must 
be conducted in diffused light. The n-propyl and isobutyl iodides also 
react with mercury to give the corresponding iodides. The reaction, 
however, is much more rapid with the unsaturated alkyl and propargyl 
iodides, whilst with methylene iodide it only goes to completion after 
several days. Methyl mercuric iodide has also been formed by treating 
magnesium methyl iodide with an excess of mercuric chloride. 

ALKYL COMPOUNDS OF THE TYPE R2Hg. 

Mercury dimethyl, HgMea, may be prepared ; 
1. By the distillation of a mixture of methyl mercuric iodide and 

solid potassium cyanide.1 

1 Euekton, Annalen, 1858, 108, 103 ; Jahresber., 1858, p. 388. 
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2. The same compound is isolated when the potassium cyanide 
is replaced by potassium or calcium hydroxide. 

3. By the distillation of methyl mercuric iodide and zinc dimethyl.1 

4. By the distillation of methyl mercuric iodide and granulated 
zinc.2 

5. A mixture of 10 parts of methyl iodide and 1 part of methyl 
acetate is shaken with an excess of 0-2 per cent, sodium amalgam, the 
whole being kept cool as the reaction is very violent during its initial 
stages.3 

6. Mercuric chloride is dissolved in a very dilute aqueous solution of 
hydrochloric acid and an equal weight of aluminium carbide added, 
mercury dimethyl soon separates.4 

7. By action of the Grignard reagent on mercuric chloride.5 In this 
reaction it is necessary to remove any unchanged magnesium from the 
Grignard solution before the addition of the mercuric chloride, otherwise 
some reduction to mercurous salt occurs, the yield being consequently 
lowered. Yield 61 per cent. 

8. The most satisfactory method so far described for the preparation 
of mercury dimethyl consists in subjecting an aqueous solution of 
methyl mercuric acetate containing pyridine to electrolysis.6 This 
process gave a yield of 92 per cent. 

9. By treating methylmercuric iodide in pyridine solution with 
metallic copper.7 

The compound is a colourless liquid having a faint sweetish odour, 
is easily inflammable and a very deadly poison; B.pt. 93° to 96° C, 
density 3-069 ; 2-95412 at 22-2° C. It is readily soluble in alcohol or 
ether, insoluble in water. The following values were found for the 
refractive index by Ghira:8 na 1-52780; ny 1-55588; nD 1-53266 at 
22-2° C. The following physical constants are due to Krause: 9 B.pt. 
92° at 761 mm., density 3-0836 at 19-2° C.? nH a 1-54212, nD 1-54735, 
nHj3 1-56052, nH) 1-57177 at 16-8° C. From these the following were 
calculated: MRjL 23-528; MRD 23-717; MA7_U 1-058; MAp-lt 0-659; 
ARE a 12-148; AR/D 12-282; AA7- a 0-773; AA^„a 0-472. The molec
ular heat of combustion at constant volume is 430,800 calories,10 and 
work on the dielectric constant has been carried out by Matthews,11 

and studies of the absorption spectra by Crymble.12 The complex 
MeHg- has been isolated 13 by electrolysing methyl mercuric halides 
in liquid ammonia solution. It forms a fine black deposit on the 
cathode, and may be obtained in the form of flakes if the process be 
carried out in water or alcohol solution. The latter form appears to be 
more stable than the former, which decomposes into mercury and 

1 Buckton, AnnaUn, 1859, 109, 222; Jahresber., 1858, p. 390 ; J. prakt. Chem., 1859, 
[11,76,362. 

2 Buckton, Trans. Chem. Soc, 1863, 16, 21 ; Jahresber., 1863, p. 469. 
3 Frankland and Duppa, Trans. Chem. Soc, 1863, 16, 415 ; Annalen, 1864, 130, 104. 
4 Hilpert and Ditmar, Ber., 1913, 46, 3738. 
5 Marvel and Gould, J. Avmr. Chem. Soc, 1922, 44, 153. 
6 Maynard and Howard, Trans. Chem, Soc, 1923, 123, 960. 
7 Kein, Wayler, and Better, Ber., 1925, 58, [B], 1506. 
8 Ghira, AM. R. Accad. Lincei, 1894, [5], 3, i. 298 ; GazzeUa, 1894, 24, i. 311. 
9 Krause, Ber., 1926, 59, [B], 935. 

10 Berthelot, Com.pt. rend., 1899, 129, 918. 
11 Matthews, Chem. Zenfr., 1906, i. 224. 
12 Crymble, Trans. Chem, Soc, 1914, 105, 658. 
13 Kraus, J. Amer. Chem. Soc, 1913, 35* 1732. 
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mercury dimethyl at room temperature. The deposits have a high 
conductivity and exhibit metallic reflexion. 

Mercury dimethyl undergoes reactions with various substances as 
indicated in the following table :— 

REACTIONS OF MERCURY DIMETHYL. 

Reacting Sub
stance. 

Halogens, t.rj. 
iodine. 

Cyanogen iodide. 

Concentrated 
sulphuric* or 
hydrochloric 
acids. 

(ilaeial acetic 
acid. 

Xitrogen per
oxide. 

| Phosphorus trl-
, chloride. 

Antimony tri
chloride. 

Mercuric iodide. 

Cadmium iodide. 

Stannous chlor
ide. 

Potassium per
manganate. 

Thiodimethyl-
aniline. 

Conditions of 
Reaction, 

Alcoholic solu
tion. 

Ether solution at 
.-JO'C. 

Ether solution at 
110' C. 

120-130'' C. for 
I hour. 

250° C. for 10 
hours. 

Ether solution 
at - 2 0 ° C. 

Resulting Products. REFERENCES. 

Methyl mercury iodide; 
methyl iodide. 

Sealed tube at 
150-210° C. 

Mercuric cyanide. 

Mercuric iodide, methyl iso
cyanide. 

Methane, methyl mercuric 
salts. 

Methane, methyl mercuric 
acetate. 

Metallic mercury, brown 
amorphous product. 

Imido dihydroximic acid. 

Diox\'biui'et, methyl mer
curic nitrate. 

Methyl mercuric chloride. 

Methyl mercuric chloride, 
mercury, trimethylstibine 
dichloride. 

Methyl mercuric iodide. 

Methane, mercury, mercuric 
iodide. 

Crystalline product yielding 
methyl mercuric chloride 
and a tin compound with 
water. 

Methyl mercuric hydrox
ide (?) (not isolated). 

Metallic mercury, grey pro
duct not analysed. 

Buckton, Annalen, 1858, 108, 
103 ; Frankland and Duppa, 
Trans. Chem. Soc, 1803, r6, 
415 ; Annalen, 1864, 130, 104 ; 
Hilpert and Ditmar, Ber,, 1913, 
46, 3738. 

Calmels, Compt. rend., 1884, 99, 
240. 

Buckton, ibid. 

Otto, Annalen, 1870, 154, 198. 

Jones and Werner, J. Amer. 
Chem. Soc, 1918, 40, 1257. 

Bamberger, Ber., 1899, 32, 3546 ; 
Bamberger and Midler, Ber., 
1899, 32, 3549. 

Buckton, he. cit. 

Buckton, Trans. Chem. Soc, 
1863, 16, 22 ; Jahresber., 1863, 
p. 470 ; Landolt, Annalen, 
1851, 78, 91. 

Buckton, Annalen, 1858, 108, 
105. 

Lohr, Annalen, 1891, 261, 48. 

Buckton, he. cit. 

Seidel, J. prakt. Chem., 1884, [2] 
29, 135. 

Holzmaim, Ber., 1888, 21, 2071. 
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Reacting .Sub
stance. 

Sodium. 

Sodium and car
bon dioxide. 

Cadmium. 

Magnesium. 

Zinc. 

Aluminium. 

Conditions of 
Reaction. 

Alcoholic solu
tion. 

Inert solvents. 
Ether solution. 

Sealed tube at 
130° 0. for 36 
hotU'ri. 

Sealed tube at 
120° 0. 

Scaled tuba at 
100°for several 
) lours. 

Resulting Products. 

Mercury, gas evolved. 

Sodium methyl. 
Traces of sodium acetate. 

Me thane, r ad min m amal
gam. 

Metallic mercury, magnesium 
dimethyl. 

Metallic mercury, zinc di
methyl. 

Aluminium trimethyl. 

REFERENCES. 

Chapman, Tran.i. Chew. Soc, 
1866, 19, 150; Annalen, 1866, 
139. 128. 

Schlenk, Ber., 1917, 50, 262. 
Schorigin, Ber., 1908, 41, 2722. 

Lfihr, lor. n't. 

Lohr, he. cit. ; Fleck, Annahn, 
1893, 276, 130. 

Frankland and Duppa, Trans, 
Ohem. Soc, 1864, 17, 28 ; 
Annalen,, 1864, 130, 117. 

Buckton and Odling, Annalen 
Supgl, 1865-18G6, 109; Proc. 
Roy.'Soc, 1865, 14, 19. 

Cahours, Annalen, 1860, 1x4, 243. 

Mercury diethyl , HgEt2 , is obtained as follows :— 
1. By the distillation of ethyl mercuric chloride with potassium 

cyanide. The yield is very small.1 

2* By the addition of mercuric or mercurous chloride to cooled zinc 
diethyl.3 

3." By the distillation of ethyl mercuric iodide with zinc diethyl.1 

4. From methyl mercuric iodide and zinc diethyl, the other products 
of reaction being zinc dimethyl and zinc iodide.2 

5. From allyl mercuric iodide and zinc diethyl in cold ether, the reac
tion yielding, in addition, diallyl and mercury.3 

6. By the interaction of 2 per cent, sodium amalgam and ethyl iodide, 
using ethyl acetate as a catalyst.4 The ethyl iodide may be replaced by 
ethyl bromide.5 

7. From ethyl mercuric chloride and alkaline stannous chloride 
solution.6 

8. From a-naphthyl mercuric bromide and ethyl magnesium 
bromide.7 

9. Formed in small quantity when ethyl hydrazine is acted upon by 
mercuric oxide.8 

1 Buckton, Annahn, 1858, 108, 103 ; 1859, 109, 218; Jahresber,, 1858, p. 389. 
2 Frankland, Annalen, 1859, 111, 51; Jahresber., 1859, p. 413. 
3 Linnemann, Annalen, 1866, 140, 180; Krassowski, Ber., 1870, 3, 625; Oppenheim, 

Ber., 1871, 4, 671. 
4 Frankland and Duppa, Trans. Ohem. Soc, 1863, 16, 418, 424; Annalen, 1864, 130, 

109, 117. 
5 Chapman, Trans. Ghem. Soc, 1866, 19, 150 ; Annalen, 1866, 139, 138. 
e Dimroth, Ohem. Zentr., 1901, i. 451 ; Ber., 1902, 35, 2853. 
7 Hilpert and Gruttner, Ber., 1915, 48. 908, 
3 Fischer, Annalen, 1879, 199, 332 

VOL. XI. : I. 3 
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10. By the action of mercuric chloride on bismuth triethyl.1 

11. From ethyl magnesium bromide and mercuric chloride. Yield 
60 to 63 per cent."2 

12. By treating ethyl mercuric chloride in pyridine solution with 
metallic copper.3 

Mercury diethyl is a liquid of penetrating odour and appreciably 
volatile at ordinary temperature. I t boils at 159° C, has a density of 
2-42346 at 23-2° C. and is readily soluble in ether, less soluble in alcohol, 
and insoluble in water. The following physical constants have been 
determined: Refractive index, nHtt 1-53519; nD 1-53990; nH , 1*56240 
at 23-2° C.4 Physical constants by Krause : 5 B.pt. 57° C. at 16 mm., 
density 2-4660 at 20° C, nHa 1*54285, m> 1-54765, nKli 1-55990, nH-, 
1-57048, MRH« 33018, MRD 33-262, MAy_a 1-386, MA^ f t 0-857, 
ARH« 12-442, A R D 12-591, AA.„ a 0-873, AA/3-« 0-530. Molecular 
heat of combustion at constant volume, 733,600 calories.6 Investiga
tions on the dielectric constant have been carried out by Walden,7 and 
the complex C2H6Hg- was isolated by Krause m a similar manner to the 
corresponding methyl body. Whilst mercury dimethyl possesses much 
the same absorptive power as mercuric chloride, the diethyl compound 
shows much greater absorption.8 

Reactions.—The action of various substances on mercury diethyl 
is shown in the following table :— 

REACTIONS OF MERCURY DIETHYL. 

Reacting Sub
stance. 

Chlorine. 

Bromine or io
dine. 

Hydrochloric or 
sulphuric acid. 

Glacial 
acid. 

acetic 

Bromacetic ester. 

Conditions of 
Reaction. 

Aqueous solu
tion. 

Heat. 

Heat at 220° C. 
for 16 hours. 

Heat at 120° C. 
for 1 hour. 

Heat at 150° C. 
for 8 hours. 

Resulting Products. 

Mercury diethyl inflames.. 

Ethyl mercuric halides, 
ethyl halides. 

Ethyl mercuric salts, ethane. 

Ethyl acetate, mercury, 
ethane, ethylene. 

Ethyl mercuric acetate. 

Ethyl mercuric bromide, 
traces of ethyl acetate. 

REFERENCES. 

Buekton, Annalen, 1859, 112, 
221 ; Jahresber., 1859, p. 408. 

do. 

Buekton, he, cit. ; Annalen, 
1858, 109, 220; Jahresber,, 
1858, p. 390 ; J. praht. Chem., 
1860, I, 79; Schorlemmer, 
Annalen, 1864, 132, 234. 

Jones and Werner, J. A mer. 
Chem. Soc, 1918, 40, 1257. 

Otto, Annalen, 1870, 154, 198. 

Sell and Lippmann, J. praht. 
Chem., 1866, (1), 99, 432. 

1 Diinhaupt, / . prakt. Chem., 1854, [1], 61, 423; Annalen, 1854, 92, 379. -
2 Marvel and Gould, J. Amer. Chem. Soc, 1922, 44, 153. 
3 Hein, Wagler, and Better, Ber., 1925, 58, [B], 1506. 
4 Ghira, Alii. R. Accad. Inncei, 1894, [5], 3, i. 298; Gazzetta, 1894, 24, i. 311. 
5 Krause, Ber., 1926, 59, [B], 935. 
6 Berthelot, Com.pt rend., 1899, 129, 918. 
7 Walden, ZeitscK. physikal. Chem., 1903, 46, 180. 
8 Crymble, Trans. Chem. Soc, 1914, 105, 658. 
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Reacting Sub
stance. 

Mercuric chlor
ide. 

Phosphorus tri
chloride. 

Arsenic trichlor
ide. 

Antimony tri
chloride. 

Potassium per
manganate. 

Iodoform. 

Allyl iodide. 

Phenyl iododi-
chloride. 

Phenylarsenious 
sulphide. 

Arse no benzene. 

Sodium. 

Sodium and car
bon dioxide. 

Sodium and ben
zophenone. 

Sodium and 
methyl ester of 
benzoic acid. 

Sodium and 
benzaldehyde. 

Conditions of 
Reaction. 

Heat with rather 
less than cal
culated quan
tity of HgCl2 
or alcoholic 
solution. 

Heat. 

Excess of tri
chloride. 

Roil mixture in 
aqueous solu
tion. 

Heat. 

Heat to 90° C. 

Heat a t 120-
150° C. 

Heat. 

Heat to 150° C. 

Heat to 100-
170° C. 

Substances 
heated in ether 
solution and 
gas passed in. 

Ether solution in 
hydrogen or 
nitrogen atmo
sphere. 

Bo. 

Resulting Products. 

Ethyl mercuric chloride. 

Ethyl diehlorophosphine, 
EtPCI2. 

Ethyl dichloroarsine. 

Ethyl mercuric chloride, tri-
ethylstibine. 

Ethyl mercuric hydroxide. 

Mercury, combustible gas. 

Acetylene, ethylene, ethyl 
mercuric iodide, ethyl 
iodide. 

Diallyl, ethyl mercuric 
iodide, ethyl iodide. 

Iodobenzene, ethyl chloride, 
ethyl mercuric chloride. 

Phenyl diethyl arsine, mer
curic sulphide. 

Phenyl diethyl arsine, me
tallic mercury. 

Sodium ethyl. Equal vol
umes of ethane and ethy
lene. 

Propionic acid (sodium salt). 

Ethyldiphenylcarbinoi. 

Die thylphenylcarbinol. 

Ethylphenylcarbinol. 

E EEERENCES. 

Frankland, Annalen, 1859, i l l , 
GO; Jahresber., 1859, p. 413 ; 
Frankland and Duppa, Tran#. 
Chem. Soc, 1863, 16, 415 ; 
Annahn, 1864, 130, 104. 

Guichard, Ber., 1899, 32, 74 ; 
see Michaelis, Ber., 1880, 13, 
2174. 

La Coste, Annahnt 1881, 208, 33. 

Buckton, Trans. Chem. Soc, 1863, 
16, 2 2 ; Jahrc*ber.% 1SG3, p. 
470. 

Seidel, J. prakt. Chem., 1884, (2). 
29, 134. 

Buckton, ?oc. cit. 

Suida, MonatsJt,, 1880, I, 716. 

do. 

Willgerodt, Ber., 1897, 30, 5 7 ; 
1898, 31, 921. 

Michaelis and Schulte, Ber., 1882, 
15, 1956. 

Michaelis and Schulte, he. cit.; 
Ber., 1881, 14, 1952. 

Schorigin, Ber., 1910, 43, 1931; 
cf. Buckton, Annate?), 1859, 
112, 220. 

Schorigin, Ber., 1908, 41, 2722. 

do. 

do. 

do. 
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Reactions of Mercury Diethyl—continued, 

Reacting Sub-
stance. 

Magnesium. 

"Beryllium (<J.1U-
cinum). 

Cadmium. 

Zinc. 

Copper. 

Aluminium. 

Conditions of 
Reaction. 

Heat at 130° C. 
for 30 hours. 

Heat at 135° C. 
in scaled tube. 

Heat at 100-
130° C. 

Heat at 100° C. 
for 36 hours. 

Heat at 150° C. 
for 5-0 hoius. 

Resulting Products. 

Iron (reduced 
from sesrjui-
oxide by hy
drogen). 

Bismuth. 

Silver, gold, zir
conium. 

Tellurium. 

Heat at 120-
140" CL 

Heat at 150° C. 

Magnesium diethyl, mer
cury. 

Beryllium diethyl. 

Cadmium diethyl (not free 
from mercury). 

Zinc diethyl, mercury. 

Slight amalgamation and a 
gas evolved. 

Aluminium triethyl. 

Metallic mercury, no trace of 
organic compound. 

Bismuth triethyl. 

No organic compounds. 

Tellurium diethyl. 

REFERENCES. 

Lohr, Awnalm, 1891, 261, 4 
Fleck, Annalen, 1893, 276, IS 

Cahours, Compt. rend., 1873, 7 
1383; Jahresbcr., 1873, rm, 

Frankland and Duppa, Tra n 
Chew. Hoc, 1864, 17, 2f 
Annaten, 1804, 130, 117. 

do. 

do. 

Cahours, Avnaleri, 1800, II, 
242; "Buckton and Odlinj 
AnnalenSup pi, I860,109—i I' 
Proc. Roij. Hoc, 1805, 14, 19. 

Frankland and Duppa, Joe. eit. 

do. 

do. 

Zeiser, Ber., 1895, 28, 1G70, 

Mercury di-n-propyl, Hg(C3H7)2, may be obtained: 
1. Two hundred grams of n-propyl iodide are treated with 0-2 per 

cent, sodium amalgam, in presence of 30 grams of methyl acetate. 
The resulting paste when treated with dilute potassium hydroxide, then 
steam distilled, yields an oil which is impure mercury dipropyl.1 

2. By the interaction of magnesium propyl bromide and mercuric 
chloride or bromide.2 24-3 grams of mercuric bromide are added in 
small portions to the Grignard reagent from 23 grams of n-propyl 
bromide and 4-3 grams of magnesium in 100 c.c. of ether. All the 
mercuric bromide goes into solution and the reaction is accompanied by 
violent boiling, the mixture after boiling on the water-bath for one hour 
being decomposed by water. Extraction with ether yields 4-5 grams 
of mercury propyl bromide and 6-0 grams of mercury dipropyl, B.pt. 
189° to 191° C. A small quantity of metallic mercury is also obtained. 

1 Cahours, Compt. rend., 1873, J6, 135; Jahresber., 1873, p. 517; Schtscherbakow, 
J. Buss. Phys. Chem. Soc.9 1881, 13, 333 ; Chem. Zentr., 1881, 620; Goret, Bull 80c 
Pharmacol, 1922, 29, 297; Chem. Zentr., 1922, (iii.), 1371. 

2 Marvel and Gould, J. Amer. Chem. Soc, 1922, 44, 153; Goddard, Trans Chem Soc 
1923, 123, 1168. 
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Mercury di-xi-propyl ib a liquid having a faint odour which becomes 
very penetrating when heated, B.pt. 189° to 191° C , 75° to 77° C. at 25 mm. 
I t is insoluble in water, more readily in alcohol, and very soluble in ether. 
At 16° C. its density is 2-124, and at 0° C. 2-046.1 

1. When the compound is distilled it undergoes partial decom
position and mercury separates out.2 

2. I t reacts with iodine very vigorously, forming propyl iodide and 
propyl mercuric iodide, but with 2 mols. of iodine, propyl iodide and 
mercuric iodide, whilst bromine water yields brilliant laminae of propyl 
mercuric bromide.3 

3. When boiled with acids, propane is evolved and propyl mercuric 
salts formed.3 

4. With tin tripropyl iodide it yields tin tetrapropyl.3 

5. Zinc decomposes mercury dipropyi at 100° to 120° C. with the 
formation of zinc dipropyi; aluminium at 130° C. yields aluminium 
tripropyl, and beryllium gives beryllium dipropyi. 

6. When treated with thallic chloride, propyl mercuric chloride, 
thallous chloride, and thallium dipropyi chloride are obtained.4 

M e r c u r y d i - i sop ropy l , B.pt. 119° to 121° C. at 125 m m . ; 5 nB 

1-532. 
M e r c u r y d i - n - b u t y l , B.pt. 120° to 123° at 23 mm. Yield 47 per 

cent. 
M e r c u r y d i - i sobu ty l may be prepared as follows :— 
Fifty grams of isobutyl iodide and 10 grams of ethyl acetate are 

shaken with a considerable excess of 0-25 per cent, sodium amalgam. 
After completion of the reaction the whole is treated with water and 
ether, the ether layer extracting the mercury dialkyl and di-isobutyl, the 
latter being removed by distillation in steam. Again take up in ether, 
and dry the ethereal solution over calcium and fractionally distil, when 
mercury di-isobutyl distils at 140° C. at 70 mm.6 Mercury di-isobutyl 
is a liquid having a feeble odour when cold, but becoming penetrating 
when hot. I t is volatile in steam and boils at 205° to 207° C, ; density 
at 15° C , 1-835 ; at 16° C , 1*719 ; at 0° C , 1-747.7 When treated with 
halogens it yields isobutyl halides and isobutyl mercuric halides. By 
heating at 150° C. with metallic zinc for thirty-six hours, and fraction
ating the resulting product in hydrogen, zinc di-isobutyl is obtained, 
whilst aluminium at 120° to 125° C. reacts rapidly with the mercury 
compound to yield aluminium tri-isobutyl. 

M e r c u r y d i - s e c - b u t y l is obtained as follows :— 
1. This compound is obtained in good yield when methyl ethyl 

ketone is electrolysed, using a mercur}^ cathode. The best yields are 
produced at temperatures between 45° and 50° C , using a current of 
25 amperes per square decimetre and a voltage of 7*6 to 8-4. The 
cathode liquid consists of the ketone with about thirteen times its 
weight of 30 per cent, sulphuric acid, the anode liquid being 20 per cent. 

1 Cahours, Compt. rend., 1873, j6, 749. 
2 Schtscherbakow, he. cit. 
3 Caliotirs, he. cit. 
4 Goddard, he. cit. 
5 Marvel and Gould, he. cit.; see Tafel, Bar., 1906, 39, 3620. 
15 Marquardt, Ber., 1888, 21, 2035 ; Cahours, Vompt. rend., 1873, 77, 1405 ; J. praH. 

Chem., 1873, [2J, 8, 397 ; Chapman and Smith, Tram. Ghem. &oo.t 1869, 22, 1(53 ; Ponzio, 
Gazzetta, 1900, 30, (ii.), 24 ; Ssokolow, / . Muss. Pkys. Ghem. Soc, 1887, 19, 202. 

7 See Louise and Roux, Compt. rend,, 1888,107, 601. 



38 ORGAJSTOMETALLXC COMPOUNDS. 

sulphuric acid. In two hours the amount of crude mercury dialkyl is 
1 -3 times the weight of ketone used, and the product is then distilled in 
a high vacuum to purify it .1 

2. The solution from 12 grams of magnesium, 75 grams of sec-
buty] bromide in 500 c.c. ether, is treated with 45 grams of mercuric 
chloride, and the mixture then boiled for eight hours on the water-bath 
and decomposed in the usual way. Yield 66 per cent.2 

Mercury di-sec-butyl is a colourless oil, B.pt. 46° C. at 0-3 mm., 
91° to 93° C. at 15 mm., 93° to 96° C. at 18 mm. ; density 1-763 at 20° C. ; 
ni) 1-511 at 20° C. I t cannot be distilled under ordinary pressures 
without decomposition, and when its ether solution is treated with 
iodine, sec-butyl iodide and sec-butyl mercuric iodide are formed. 

M e r c u r y d i - t e r t - b u t y l is prepared in the manner described 
above. A considerable amount of tert-butyl mercuric bromide is pro
duced during the reaction. The yield of the mercury dialkyl is only 
9 per cent.. B.pt. 78° to 82° C. at 5 mm., and even at this low pressure 
a large amount of the substance is decomposed, even the final pro
duct containing some hydrocarbon. Density 1-749 at 20° C. ; nD 

1-521. 
M e r c u r y di- isoamyl.—This compound may be prepared in the 

same way as mercury di-isobutyl by replacing the isobutyl iodide by 
isoamyl iodide. I t is a colourless, transparent, mobile liquid, possess
ing a faint amyl odour, and cannot be distilled even in vacuo without 
partial decomposition, although it is volatile in steam without decom
position. If heated above 140° C. considerable quantities of mercury 
separate. Its boiling-point at 70 mm. is 172° C, and the density at 0° C. 
is 1-6G63.3 

Mercury di-isoamyl is insoluble in water, slightly in alcohol, but 
readily soluble in ether. I t docs not oxidise in air, but when dropped 
into chlorine it forms isoamyl mercuric chloride. In contact with solid 
iodine it reacts with a hissing sound, and the reaction with bromine is 
still more violent. An ethereal solution of mercury di-isoamyl treated 
first with alcoholic and then with solid iodine gives isoamyl mercuric 
iodide and isoamyl iodide. Treatment with an excess of mercuric 
chloride in alcohol yields isoamyl mercuric chloride. 

With sodium, sodium isoamyl is formed, but in ethereal solution in 
a stream of carbon dioxide, isobutyl acetic acid results.4 Mercury di-
isoamyl heated with zinc in a sealed tube for thirty-six hours a t 130° C. 
yields zinc di-isoamyl.5 The mercury compound and glacial acetic acid 
heated for sixteen hours at 200° C. give isopentane, metallic mercury, 
and amyl acetate.6 Treatment with thallic chloride gives isoamyl 
mercuric chloride and thallous chloride.7 

M e r c u r y d i - t e r t - amyl .—To the solution from 12 grams of 
magnesium and SO grams of tert-amyl bromide in 500 c.c. of ether, 
40 grams of mercuric bromide are added and the product worked up in 
the usual way. Yield 9 grams (21 per cent.). The liquid boils at 80° 

1 Tafel, Ber., 1906, 39, 3626. 
2 Marvel and Calvery, J. Amtr. Qkem. Soc, 1923, 45, 820. 
3 Frankland and Duppa, Tram. Ohem. 80c, 1863, 16, 415 ; Annalen, 1864, 130, 104 : 

Marquardt, Ber., 1888, 21, 2035. 
4 Schorigin, Ber., 1908, 41, 2722 ; 1910, 43, 1937. 
5 Frankland and Duppa, Trans. Ghem. Soc, 1864, 17, 29 ; Annalen, 1864, 130, 117. 
b Jones and Werner, J. Amer. Ckem. Soc, 1918, 40, 1257. 
7 Goddard, Trmis. Ohem. Soc, 1923, 123, 1168. 
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to 84° C. at 5 mm., and even under these conditions shows considerable 
decomposition. Density 1-649 at 20° C. ; nD 1-492 at 20° C.1 

Mercury di-n-heptyl 2 is prepared in 90 per cent, yield by the 
Grignard reaction. I t distils at 119° to 122° C.; density 1-474 at 0° C.; 
nD 1-4935 at 21° C. 

Mercury di-n-octyl.3—Octyl iodide is treated with dilute sodium 
amalgam in the presence of ethyl acetate, and after completion of the 
reaction the mass is extracted with ether. Evaporation of the solvent 
gives an oily liquid of density 1-342 at 17° C, which decomposes at 
about 200° C. into di-octyl and metallic mercury. When the starting 
materials are pure it is stated that no by-products occur. Mercury 
di-n-octyl is insoluble in water, but readily soluble in alcohol, ether, or 
benzene. Treatment with alcoholic iodine or mercuric chloride yields 
the corresponding di-n-octyl mercuric halides. 

Mercury di-sec-octyl.4 — To the solution from 8 grams of 
magnesium and 70 grams of sec-octyl bromide (2-bromo-octane) in 
500 c.c. of ether, 21 grams of mercuric chloride are added, and after 
boiling for six hours the product is worked up in the usual way. I t is 
found to be impossible to distil the compound under 3 mm. pressure, 
owing to its ease of decomposition with the formation of mercury. 
The weight of crude product is about 48 grams (52 per cent.); density 
1-338 at 20° C. ; nD 1-334 at 20° C. 

ALKYL COMPOUNDS OF THE TYPE RHgX. 

The following salts of the methyl series have been prepared:— 
Methyl mercuric hydroxide has recently been obtained in the free 

state, and its solution may be obtained by boiling mercury dimethyl with 
concentrated potassium permanganate and filtering off the manganese 
dioxide, the filtrate being strongly basic and yielding salts with acids.5 

A similar solution is also obtained when methyl mercuric iodide is 
treated with water and silver oxide.6 If the silver oxide be replaced by 
potassium hydroxide, Frankland states that the oxide is obtained which 
is soluble in excess of the reagent. The solid hydroxide is formed when 
moist silver oxide reacts with methyl mercuric iodide in methyl alcohol. 
I t melts at 95° C, is a weak base, acid to phenolphthalein but alkaline to 
litmus.7 

The chloride, M.pt. 170° C., forms pearly plates, density 4-063,8 

which are volatile in steam. I t has been prepared in several ways: 
1. By the action of concentrated hydrochloric acid or phosphorus 

trichloride on mercury dimethyl.9 

2. By the addition of hydrochloric acid to the solution of methyl 
mercuric hydroxide described above. 

3. From the compound of stannous chloride and mercury di
methyl by treatment with water.9 

1 Marvel and Calvery, J. Amer. Chem. Soc, 1923, 45> 822. 
2 Hager and Marvel, J, Amer. Chem. Soc, 1926, 48, 2696. 
3 Eichler, B&r., 1879, 12, 1879. 
4 Marvel and Calvery, he. cit. 
5 Seidel, J. prakt. Chem., 1884, [2], 29, 134. 
6 Frankland, Annalen, 1853, 85, 361. 
7 Sneed and Maynard, J. Amer. Chem, Soc, 1922, 44, 2942. 
8 Schroeder, Ber., 1879, 12, 563. 
9 Buekton, Annalen, 1858, 108, 103 ; Jahresber., 1858, p. 388. 
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4. 25 grams of mercuric chloride are dissolved in 10 per cent. 
hydrochloric acid and shaken with 15grams of aluminium carbide, when 
heat is evolved and the methyl mercuric chloride is distilled out in 
steam.1 (Yield SO per cent.) 

Crymble 2 has shown that compounds of the base MeHg- arranged 
in order of increasing absorptive power are as follows: MeligOH, 
-CI , - B r , - I , the absorption of the alkyl haloid always being less than 
that of the corresponding dihaloid compound.3 The conductivity of the 
chloride in liquid ammonia has been investigated by Franklin,4 and 
the molecular weight determined in methyl or ethyl sulphide solution 
has been shown to be normal.5 

The bromide was used by Crymble in his investigations on absorption 
spectra, and the melting-point was stated to be 160° C. It can be 
prepared in the same way as the chloride. 

The iodide was discovered in 1852 by Frankland,6 who showed tiiat 
methyl iodide and metallic mercury when exposed to sunlight or diffused 
daylight combine to form mercury methyl iodide. Other methods of 
preparation are: 

1. Treatment of mercury dimethyl with iodine or mercuric iodide.7 

2. By treating the chloride in aqueous solution with potassium 
iodide.8 

3. From magnesium methyl iodide by treatment with an excess of 
mercuric chloride. Yield 85 to 88 per cent.9 

4. Dimercurimethylene iodide is treated with aqueous potassium 
iodide or dilute hydrochloric acid.10 

The compound crystallises in pearly plates, M.pt. 143° C, insoluble 
in water, fairly soluble in alcohol, easily "in methyl iodide and ether. It 
sublimes without decomposition and yields the oxide with alkalies or 
ammonium hydroxide, whilst ammonium sulphide precipitates the 
sulphide in faint yellowish flocks.11 Distillation with potassium cyanide, 
potassium hydroxide, or metallic potassium gives mercury dimethyl. 
Its molecular weight in methyl or ethyl sulphide is normal.12 

The bicarbonate is formed by passing carbon dioxide through a 
methyl alcoholic solution of the hydroxide. It is a granular powder, 
M.pt. 123° C. When dissolved in carbon disulphide it yields the 
mercaptan, silvery plates, M.pt. 143° C, MeHgSH.13 

The nitrate forms colourless plates, M.pt. 100° C, and may be pre
pared from the iodide by treatment with silver nitrate.14 It is very 
soluble in water, less soluble in alcohol. 

The sulphate is a crystalline compound obtained by the action of 
concentrated sulphuric acid on mercury dimethyl.15 

1 Hilpert and Difcmar, Ber., 1913, 46, 3738. 
2 Crymble, Trans. Chem. Soc., 1914, 105, 658. 
3 Cf. Ley and Fischer, Zeitsch. anorg. Chem., 1913, 82, 338. 
4 Franklin, Zeitsch. physikal. Chem., 1909, 69, 299. 
5 Werner, Zeitsch. anorg. Chem., 1897, 15, 37. 
0 Frankland, Annuhn, 1853, 85, 363; Jahresber., 1852, p. 574. 
7 Buckton, Armalm, 1858, 108, 103; Jahresber., 1858, p, 388. 
8 Hilpert and Ditmar, be. tit. 
0 Marvel and Gould, J. Amer. Ghem. Soc, 1922, 44, 153. 

10 Sakurai, Trans. Ghem. Soc.t 1881, 39. 485. " Frankland, he. cit. 
13 Werner, he. cit. 
1:1 Koten and Adams, J. Amtr. Ghem. Soc, 1924, 46, 2768. 
14 Strecker, Annalen, 1854, 92, 79. 
J5 Bucfeton, he. cit. 
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Acetate.—This compound was first obtained by heating mercury 
dimethyl and glacial acetic acid in a sealed tube for one hour, then 
recrystallising the product from glacial acetic acid.1 The melting-
point given was 142° to 143° C, but recently Sneed and Maynard2 have 
shown this to be inaccurate, and obtained the product by the following 
methods, each giving a substance M.pt. 128° C.: (1) Treatment of 
mercury dimethyl in methyl alcohol solution with mercuric acetate. 
(2) Neutralisation of the hydroxide with glacial acetic acid. (8) 
Action of silver acetate on the iodide. (4) Action of ethyl acetate on 
the li3'droxide. The acetate is very soluble in water, alcohol, or acetic 
acid, is volatile in steam, and with concentrated hydrochloric acid or 
iodine yields the corresponding halides. 

Sulphide.—This substance may be obtained from the iodide as stated 
above or by the action of hydrogen sulphide on a solution of the chloride.3 

It is a white body of characteristic smell, and when warmed it decom
poses, forming mercury dimethyl and splitting off mercuric sulphide. 

Ethyl Series.—Hydroxide.—A solution of this compound may be 
prepared by boiling mercury diethyl with potassium permanganate 
solution, see methyl mercuric hydroxide.4 Diinhaupt5 obtained the 
hydroxide as a colourless oil by boiling ethyl mercuric chloride in spirit 
with silver oxide, filtering off the silver chloride, then distilling off the 
spirit and drying the product in vacuo over sulphuric acid. I t is easily 
soluble in water or spirit and has all the properties of a strong base. 
With ammonium chloride it liberates ammonia and forms the chloride 
of the base, and with solutions of salts of copper, aluminium, iron, tin, 
gold, or platinum it precipitates hydroxides. With metallic zinc it forms 
zinc amalgam and zinc diethyl, whilst hydrogen sulphide gives a white 
precipitate which soon turns yellow and finally black. When treated 
with acids the hydroxide yields salts in the usual way ; with alkaline 
stannous chloride solution it is reduced to mercury diethyl and mercury.6 

The chloride may be obtained: (1) From the hydroxide by hydro
chloric acid or ammonium chloride. (2) By mixing a warm alcoholic 
solution containing one molecular proportion of mercuric chloride with 
mercury diethyl.7 (3) By the action of concentrated hydrochloric 
acid or antimony trichloride on mercury diethyl.8 (4) From mercury 
diethyl and phenyl iododichloride.9 

The chloride crystallises in silver glistening plates, M.pt. 190° to 
193° C, density 3*482, which sublime on gentle warming and are easily 
soluble in boiling alcohol, with difficulty in ether, and insoluble in water.10 

Bromide.—This compound has similar properties to the above 
cliloride, and may be prepared from the hydroxide by the addition of 
hydrobromic acid, by treating an alcoholic solution of mercuric bromide 
with triethyl bismuthine or by heating mercury diethyl and ethyl 

1 Otto, Annalen, 1870, 154, 198. 
2 Sneed and Maynard, J. Amer, Chem. Soc, 1922, 44, 2942. 
3 Hilpert and Ditmar, Ber., 1913, 46, 3738. 
4 Seidel, J. prakt. Chem,, 1884, [2], 29, 134. 
5 Diinhaupt, J. praU. Chem., 1854, [1], 61, 399 ; Annalen, 1854, 92, 379. 
G Dimroth, Chem. Zentr., 1901, i. 451 j Ber., 1902, 35, 2853. 
7 ^rankland, Annalen, 1859, i n , 60; Jahresber., 1859, p. 413. 
8 Buckton, Annalen, 1859, 109, 220; Jahresber,, 1858, p. 390; Trans. Chem. Soc, 

1863, 16, 22 ; Jahresber., 1863, p. 470. 
9 Willgerodt, Bcr., 1898, 31, 921. 

i0 Diinhaupt, J. prald. Chem., 1854, [1], 61, 399; Annalen, 1854, 92, 379; Schroder, 
Ber., 1879, 12, 563. 
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monobromoacetate at 150° C. for eight hours. The reaction in the latter 
case takes place according to the equation : 

CH2Br.COOC2H5-f(C2H5)2Hg-C2H5PIgBr+CH3COOC2H5+CH4
1 

The bromide crystallises in pearly plates, M.pt. 193-5° C.2 

Iodide.—Combination takes place between ethyl iodide and metallic 
mercury when exposed to diffused daylight, with formation of ethyl 
mercuric iodide.3 This may also be obtained by the addition of an 
alcoholic solution of iodine to ethyl mercuric hydroxide,4 or from 
mercury diethyl by boiling for one or two days with allyl iodide. 
Another preparation from mercury diethyl is to heat for several days 
at 120° C. with iodoform, when the iodide, ethyl iodide, ethylene, and 
acetylene are formed.5 

t h e iodide, M.pt. 1S2° C, crystallises from ether-alcohol solution in 
colourless plates which have a very pungent odour. It sublimes with
out decomposition at 100° C, is soluble with difficulty in water, and 
is decomposed by light. 

Sulphide.—When ammonium sulphide is added to an alcoholic 
solution of ethyl mercuric chloride, a yellow precipitate is thrown down 
which is soluble in excess of the reagent. It may be recrystallised from 
ether, but evaporation of the alcoholic solution soon leads to decom
position of the compound. 

Mercaptan, Et.HgSH.—By dissolving the bicarbonate in carbon 
disulphide, silvery plates, M.pt. 104° C.,6 of the mercaptan are obtained. 

The sulphate crystallises in glistening plates, when silver sulphate 
is added to ethyl mercuric chloride in alcohol. It is also formed when 
concentrated sulphuric acid reacts with mercury diethyl.7 

The nitrate was only obtained by Dunhaupt as an oil, but Strecker 
succeeded in isolating it in prisms which were very soluble in alcohol, 
but less soluble in water. 

The acetate, M.pt. 178° C, has similar properties to the correspond
ing methyl compound and may be prepared in similar manner.8 

The 2AM~tri?iitrobenzoate is formed by treating the substituted 
benzoic acid in alcohol with a similar solution of ethyl mercuric hydroxide. 
It forms white plates, M.pt. 164° C. When heated at 165° C. it yields 
ethylmercuric 2.4.6-trinitrophenyl, yellow needles, M.pt. 86° C.9 Dun
haupt, by treatment of ethyl mercuric chloride with silver phosphate, 
isolated the phosphate as a crystalline mass very soluble in water, also 
he mentions a cyanide which is crystalline, very volatile, and of repulsive 
odour. 

The thiocyanate is formed from the chloride by the action of sodium 
thiocyanate (I mol.) in acetone solution. It crystallises from benzene 
in glistening plates, M.pt. 131° to 131*5° C.10 

1 Dunhaupt, J. prakt. Chem., 1854, [1], 6i, 399; Annahn, 1854, 92, 379; Sell and 
Lippmann, J. pralct. Chem., 1866, [1], 99, 431; Buckton, Annahn, 1859, 112, 221. 

2 Marvel, Gauerke, and Hill, J. Amer. Chem, Soc, 1925, 47, 3009. 
3 Frankland, Annahn, 1859, m , 59; Strecker, Annahn, 1854, 92, 76. 
1 Dunhaupt, loo. tit. 
5 Suida, Monatsh., 1880,1. 715; Jahresber., 1881, p. 940. 
6 Koten and Adams, J. Amer. Chem. Soc, 1924, 46, 2768. 
7 Buckton, Annahn, 1858, 109, 220 ; 1859, 112, 221 ; Jahresber., 1858, p. 390 ; 1859, 

p. 408; J. prakt. Chem., 1860, 1, 79; Schorlemmer, Annahn, 1864, 132, 234. 
8 Otto, Annahn, 1870, 154, 198. 
9 Koten and Adams, toe. cit. 10 Steinkopf, Annahn, 1921, 424, 59. 
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n-Propyl Series.1—n-Propyl mercuric hydroxide in difficult to obtain 
in a crystalline condition; it is a strong base, forming salts with strong 
and weak acids. 

The chloride may be formed from the base, by boiling mercury 
dipropyl with hydrochloric acid or by the addition of mercuric chloride 
to mercury dipropyl in alcoholic solution. I t crystallises in white 
scales, M.pt. 143° C. 

When bromine or bromine water is added to mercury dipropyl, or 
the base is treated with hydrobromic acid, propyl mercuric bromide is 
obtained in leaflets, M.pt. 138° C. The compound is also formed as a 
by-product in the preparation of mercury dipropyl from propyl 
magnesium bromide and mercuric bromide.2 

Iodine combines vigorously with mercury dipropyl to form the 
iodide, M.j^t. 113° C.; this crystallises from alcohol in plates which have 
a disagreeable odour. 

The acetate from mercury dipropyl and acetic anhydride, or acetic 
acid and the corresponding hydroxide, is crystalline, M.pt. 57° to 58° C. 

Isopropyl Series.3—iso-propyl mercuric hydroxide is formed by 
treating the halides with moist silver oxide, and has only been obtained 
in solution. It reacts with acids, giving rise to the following compounds : 
chloride, needles, M.pt. 97° C.; bromide, needles, M.pt. 98° C.; iodide, 
plates, M.pt. 125° C. ; acetate, M.pt. 95° C. ; cyanide, M.pt. 85° C.; 
sulphide, M.pt. 60° C. 

n-Butyl Series.-—When n-butyl magnesium bromide is treated with 
an excess of mercuric chloride, a mixture of equal parts of n-butyl mercuric 
chloride and bromide are formed.4 The chloride melts at 127*5° C. ; the 
bromide at 129° C. ; the iodide at 117° C.5 

iso-Butyl Series.—Solutions of isobuiyl mercuric hydroxide may be 
obtained in the usual way, and salts prepared by the addition of acids. 
Mercury di-isobutyl reacts with iodine, giving a crystalline isobutyl 
mercuric iodide.6 The bromide melts at 55*5° C. and the iodide at 72° C.7 

sec-Butyl Series.—When mercury di-sec-butyl is dissolved in 
alcohol and treated with aqueous hydrochloric acid the sec-butyl mercuric 
chloride separates out as an oil. This may be solidified b}^ cooling in a 
freezing mixture. The crystals obtained melt at 30-5° C.8 

The bromide is prepared as above using hydrobromic-acid, and melts 
at 39° C. The iodide forms colourless, unstable crystals when the 
dialkyl is treated with iodine.9 

tert-Butyl Series.—tert-Bntyl mercuric bromide.—An excess of 
mercuric bromide is added to well-cooled Grignard reagent from tert-
butyl bromide and after an hour the whole decomposed with water, the 
ether layer removed and dried over calcium chloride. Spontaneous 
evaporation of the ether gives a product, M.pt. 106° C. (decomp.). It is 
rapidly decomposed in bright sunlight.10 

1 Cahours, Compt. rend., 1873, 76, 135, 749, 750; Jahresber., 1873, p. 517; Goret, Bull 
Set. Pharmacol, 1922, 29, 297 ; Chem. Zmtr., 1922, in. 1371. 

2 Goddard, Trans. Chem. 80c, 1923, 123, 1168. 
3 Goret, he. cit. 
4 Marvel and Gould, J. Amer. Chem. Soc, 1922, 44, 153. 
5 Marvel, Gauerke, and Hill, loc. cit. 
6 Cahcmrs, Compt. rend., 1873, 76, 1403. 
7 Marvel, Gauerke, and Hill, loc. cit. 
8 Marvel and Calvery, J. Amer. Chem. Soc, 1923, 45, 821. 
9 Tafel, Ber., 1906, 39, 3631. 10 Marvel and Calvery, loc. cit. 



u OKGANOMETALLIC COMPOUNDS. 

n -Amyl Series.—n-Amyl mercuric bromide, obtained in the usual 
way, melts at 122° C.1 

i so-Amy! Series.—Isoamyl mercuric chloride2 is formed when 
mercury di-isoamyl is treated with chlorine gas or alcoholic mercuric 
chloride. I t melts at 86° C.; sublimes without decomposition, and is 
very soluble in ether or hot alcohol, insoluble in water. From alcohol it 
crystallises in hair-like needles. The bromide melts at 80° C. When an 
ethereal solution of mercury di-isoamyl is treated first with alcoholic 
iodine, then with solid iodine, it yields isoamyl iodide and isoamyl 
mercuric iodide. The latter recrystallises from hot alcohol in small 
pearly plates, M.pt. 122° C, very soluble in ether, slightly soluble in 
boiling water, insoluble in cold water, and partially decomposed by 
alcoholic potassium hydroxide. In the molten state it turns yellow at 
140° C, owing to the separation of mercuric iodide. It may be sub
limed without decomposition in a current of air.3 

te r t -Amyl Series.—ieri-Amyl mercuric bromide is prepared in the 
same manner as the tert-butyl compound. It crystallises from alcohol 
if the solution is kept below 50° C, M.pt. 82° C.4 

Hexyl and Heptyl Series.—n-Eexyl and n-heptyl mercuric bromides 
melt at 118-5° C. and 114-5° C. respectively.5 

n-Octyl Series.6—The hydroxide is formed when an alcoholic 
solution of the chloride is boiled for five hours with freshly precipitated 
silver oxide. I t crystallises in shining yellow plates, M.pt. 75° C , 
readily soluble in cold alcohol, less soluble in hot alcohol, insoluble in 
cold water. The compound is a strong base and precipitates metallic 
salts from solutions of ferric chloride, potassium alum, zinc sulphate, or 
copper acetate. In the latter case the grey precipitate on warming is 
reduced to metallic copper, whereas with the alum, the precipitate is 
soluble in excess of the precipitant. The base also expels ammonia 
from its compounds. 

The chloride is obtained as a white precipitate by the interaction of 
mercury di-n-octyl and mercuric chloride; the iodide by the use of iodine. 
The latter forms a white glistening precipitate, easily soluble in alcohol. 
The bromide melts at 109° C.7 

sec-Octyl Series.8—The bromide is obtained from excess of mer
curic bromide and the Grignard reagent from sec-octyl bromide. I t 
forms crystals from alcohol solution, M.pt. 98° C.9 

• Allyl mercuric iodide, CH a =CH-CH 2 -HgI . 1 0 —Allyl iodide 
containing a trace of dissolved iodine, readily reacts with mercury. If 
mercury be shaken with some iodine, then with allyl iodide, an evolu
tion of heat takes place and the mass becomes solid. This may be 
avoided to some extent by mixing the allyl iodide with alcohol. The 
iodide crystallises from alcohol in silvery scales, which turn yellow on 
drying. It commences to volatilise at 100° C. and melts at 135° C, 

1 Marvel, Gauerke, and Hill, J. Amer. Ckem. 8oc.t 1925, 47, 3009. 
2 Marvel and Calvery, J. Amer. Chem. Soc, 1923, 45, 821. 
3 Frankland and Duppa, Tram. Chem. Soc., 1863, 16, 415 ; Annahn, 1864, 130, 104. 
4 Marvel and Calvery, loc. cit. 
5 Marvel, Gauerke, and Hill, loc. cit. 
* Eichler, Ber.s 1879, 12, 1879. 
7 Marvel, Gauerke, and Hill, loo. cit. 
8 Eichler, loc. cit. 
3 Marvel and Gould, J. Amer. Chem. 80c, 1922, 44, 153. 

10 2inin, Annalen, 1855, 96, 363; Linneinann, Annalen Supvl, 1865, 3, 262: Annalen. 
1866, 140, ISO. 
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decomposing at higher temperatures with evolution of gas and forma
tion of a yellowish-red residue. The iodide is sparingly soluble in cold 
alcohol and insoluble in water. When subjected to dry distillation, 
diallyl, metallic mercury, and mercuric iodide are formed. Hydrogen 
sulphide or iodide decompose it, propylene and mercuric salts being 
obtained. Iodine yields allyl iodide and mercuric iodide. Alcoholic 
suspensions of silver oxide convert the iodide to the hydroxide. 

Propa rgy l m e r c u r i c iodide forms a yellow mass; it is prepared 
in a similar way to the allyl compound.1 

Mercury Derivatives of Methylene Iodide.—Wanklyn and Yon 
Than 2 showed that neither mercury nor zinc gave organic compounds 
when allowed to react with ethylene iodide. 

Methylene iodide, on the other hand, when left in contact with 
metallic mercury and some mercurous iodide in a sealed tube for four 
or five days, combines with the mercury.3 Two products are produced, 
but no gas is evolved when the tube is opened. The first compound 
crystallises from boiling alcohol in slender, white needles; it is best 
purified by solution in methylene iodide and precipitation with ether, 
and is insoluble in the usual solvents. Sakurai assigned the formula 
I— CH2—Hgl to the substance. This monomercuric methylene iodide 
or iodomethyl mercuric iodide when heated with iodine in potassium 
iodide solution yields methylene iodide and mercuric iodide, and similar 
decomposition takes place with chlorine or bromine. 

When one molecule of the compound and one molecule of mercuric 
chloride in alcoholic solution are boiled under reflux for one hour and 
then cooled, crystals are obtained from which the mercuric chloride is re
moved by washing with water, and the mercuric iodide by digestion with 
concentrated potassium iodide solution. Traces of soluble iodide are 
then removed by treatment with water, and the dried crystals purified by 
recrystallisation from ether. Monomercuric methylene chloro-iodide, M.pt. 
129° C, is thus obtained in small plates, soluble in ether, chloroform, or 
alcohol, but insoluble in water. 

I - C H 2 - H g l +HgCl 2 =C1 - C H 2 - H g l + H g I Q 4 

The product formed along with the monomercuric methylene iodide 
was a white body insoluble in all the usual solvents, but yielding iodo
form with iodine. Analysis points to mercury iodoform or methine tri-
mercuric iodide, CH(HgI)3, and the same compound was obtained by 
Hofmann5 when an ethereal solution of iodoform was allowed to stand 
in contact with mercurous chloride for a long time. 

Dimercuricmethyleneiodide or methylene di-mercuric iodide, CH2(HgI)2. 
—This compound is readily formed by the interaction of methylene 
iodide with excess of mercury in the presence of mercuric iodide in 
ether solution, the mixture merely being exposed to sunlight, the re-" 
action taking several days for completion. The crude product is then 
digested with concentrated potassium iodide solution to remove mer
curic iodide, and recrystallised from methylene iodide, the first product 

1 Henry, Ber., 1884, 17, 1132. 
2 Wanklyn and Von Than, Quart J . Ghem. Soc, 1859,12,258. 
3 Sakurai, Tram. Ghem. Soc.} 1880, 37, 658. 
4 Sakurai, ibid., 1882, 41, 360. 
5 Hofmann, Ber., 1900, 33, 1328. 
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being pure dimercuric compound, but subsequent crops of crystals 
contain some mono derivative.1 

The iodide is a yellow crystalline powder, M.pt. 230° C, with decom
position, and is much less soluble than the mono compound in methylene 
iodide, and is insoluble in ordinary solvents. When treated with iodine 
it yields mercuric iodide and methylene iodide ; and with aqueous 
potassium iodide or dilute hydrochloric acid, methyl mercuric iodide is 
formed. 

3 Saluirai, Trans. Cftem. 8oc, 1881, 39, 485. 

* 



* 

CHAPTER IV. 

MERCURY (continued). 

DERIVATIVES OF ALIPHATIC ALCOHOLS, ALDEHYDES, AND KETONES. 

T H E earliest recorded work on the mercuration of alcohols was that of 
Sobero and Selmi,1 and Gerhardt,2 but none of these investigators 
obtained any definite results. Reynoso, five years later,3 described com
pounds which he did not even analyse, and Cowper,4 from his work on 
the interaction of mercuric nitrate and alcohol, added nothing to our 
knowledge of these compounds. Tertiary alcohols were investigated by 
Deniges,5 who treated these compounds with mercuric nitrate or sulphate 
and obtained orange and yellow insoluble compounds respectively. He 
never seemed very certain of the constitutions of any of his derivatives, 
but recommended that his reactions might be used as tests for tertiary 
alcohols. 

In 1898, K. A. Hofmann commenced his researches on the mercura
tion of alcohol, which led to the complex compounds to which he gave 
the name mercarbides being isolated. These compounds have all the 
hydrogen of a methyl group replaced by mercury. From this time 
onwards it has been possible to assign formulae to most of the compounds 
described. 

DERIVATIVES OF ETHYL ALCOHOL. 

Ethane hexamercarbide, C2Hg602(OH)2, or 

O Hg Hg~ 0 

Hg C C Hg 

HO Hg Hg—OH 
This compound is the ultimate product from the prolonged action of yellow 
mercuric oxide and boiling aqueous alkali on ethyl, propyl, allyl, or amyl 
alcohols, acetaldehyde, cellulose, starch, or cane sugar; but it cannot be 
obtained from methyl alcohol, formaldehyde, or glycerol. The prepara
tion is best carried out as follows : 100 grams of yellow mercuric 
oxide, 20 grams of potassium hydroxide, and 200 grams of 94 per cent, 
ethyl alcohol are boiled for thirty-six hours, the grey residue then 
washed with water and dilute alkali, and finally with hot 20 per cent. 
nitric acid. The latter changes the base into the nitrate and removes 

1 Sobero and Selmi, Annalen, 1851, 8o, 108. 
2 Gerhardt, Annalen, 1851, So, 111. 
3 Reynoso, Ann. Chim. JPhys., 1856, [3], 48, 403. 
4 Cowper, Trans. Chem. Soc., 1881, 39, 242, 
5 Deniges, Gompt. mid., 1898, 126, 1043; Bull. Soc. chim., 1898, [3], 19, 494, 751; 

Ann. Chim. Phys., 1899, [7], 18, 382. 
47 
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metallic mercury and trimercuri-acetic acid, which is formed as a by
product.1 Hofmann considered the reaction to take place in four 
stages, according to the following scheme : — 

1. CH f t.CHa.OH+HgO—> CH 3 .CHO+H aO+Hg 

J-Igv /HgOH 
2. CHvCHO +3HgO —> 0< >C< +H a O 

M-Tg/ x C H O 

/Hgv /HgOH / H g x /HgOH 
3. 0< >C< +IIgO —v 0< )C< + H g 

X H J T X X CHO " MTu/ \ C 0 0 H 

NHu NCOOH "HOOC 

0_-H<y Ho—O 

A / H ^ O H H ^ A | f T I COOH 
° \ „ / C \ ^ ^ „ > ^ : / C \ T T / ° — * H g - C — C — H g + i 

'Hg I I | COOH 
HO—Hg Hg—OH 

The oxalic acid shown in equation 4 was not actually isolated, 
however. 

Ethane hexamercarbidc is a citron yellow to light grey powder, 
becoming dark orange at 200° C. and exploding with great violence at 
230° C. The colour change seems to be associated with the splitting 
off of water from the molecule and the formation of an anhydride 
(CJIg603), which is violently explosive. The mercarbide is a decided 
base, which shows a remarkable stability towards oxidising agents 
(permanganate, chromic acid, hypochlorites, and hypobromites), and 
even towards aqua regia provided the treatment is not too prolonged. 
It is scarcely attacked by sulphur dioxide, hydroxylamine, or hydrazine, 
but with acids it forms salts. 

This resisting capacity distinguishes the compound from all known 
mercury derivatives, and is probably due to the protective action of the 
six mercury atoms, showing that they surround the two carbon atoms. 
Two types of salts are obtained from the base, namely: (1) C2Hg600X0, 
(2)C2Hg6Xc. 

Class I. 
Ethane hexamercarbide dichloride, C2Hg602Cl2, is formed when the 

base is treated with cold 10 per cent, hydrochloric acid or*a soluble 
chloride. Similarly, using potassium bromide or iodide, the correspond
ing bromide or iodide is obtained. 

The percklorate, C2Hg602(C104)2, is a white powder, which on heating 
or rubbing explodes, emitting a green flame. The nitrate forms a 
yellowish-white crystalline mass, insoluble in water and dilute nitric 
acid, decomposing with explosion on heating; the sulphate is a white, 
sandy, fine crystalline powder, insoluble in water; the picrafe explodes 
on heating with the same violence as potassium picrate. 

Class II. 

Ethane hcvamer carbide hemchloride, C^HgGClQi results when the base 
is treated with hot hydrochloric acid. It is a white, insoluble substance, 

1 Hofmann, Ber., 1898, 31, 1904; 1900, 33, 1328. 

file:///C00H
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which remains undecomposed when heated with ten times its weight of a 
10 per cent, benzene solution of sulphur chloride. When aqueous 
potassium polysulphidc solution is used brilliant yellow needles are 
deposited. These, when boiled with hydrochloric acid, yield a white 
powder, which becomes yellow on treatment with hot sodium hydroxide. 
Since chlorine atoms may be removed by means of silver nitrate, it is 
probable that the halogen is attached to the mercury, and the following 
formula has been suggested:— l 

* & t - 5 v 

ClHg—CH—Hgv 

ClHg—CH—Hg/ 

The hexa-iodide, (IHg)3C.C(HgI)3, is formed when the base (1 mol.) 
is heated with ethyl iodide (0 mols.) in ether solution for sixty hours at 
90° C. The intense, reddish-yellow crystals thus obtained are very 
insoluble, and contain only 1-2 per cent, of carbon. This compound 
has the lowest carbon content of any substance yet obtained. 

Whilst most carbon mercury compounds are decomposed by 
potassium cyanide, splitting off mercury cyanide, mercarbide nitrate, 
after prolonged boiling with potassium cyanide, splits off mercury, with 
the formation of an intense yellow cyanide which is explosive when 
heated, namely: 

C2Hg4(CN)2 or H g = C - C - H g 

N C - H g H g - C N 

,The cyanide is insoluble and affected by l ight; treatment with 
hydrogen sulphide transforms it into a hydrosulphide : 

Hg = C ~ C = H g 

H S - H g H g - S H 

which is a white substance, insoluble in water, alcohol, or ether. 
Hot hydrochloric aeid transforms the cyanide first to a white chloride 

(L)5 which by the further actioi\ of concentrated acid changes to chloride 
(II.) : 

CIHgv /HgCl 
>CH - C H < ClHg - C H , - C H 2 - H g C i 

ClHg/ XHgCl 
I. II. 

The compound II . crystallises well from ether, and can be steam 
distilled, when it separates in six-sided plates, smelling strongly of 
potassium cyanide, M.pt. 173° C.: these crystals are soluble in water, 
alcohol, or "ether, and are volatile and poisonous. Towards phenyl 
hydrazine the compound is very stable, but with potassium iodide it 
gives the corresponding iodide, C2H4Hg2I2, which crystallises from 
alcohol or ether in quadratic plates, soluble in sodium hydroxide or 
ammonium hydroxide, stable towards dilute acid. The hydrochloric acid 
solution of the iodide with hydrogen sulphide yields a white sulphide, 
erystallisable from alcohol, but insoluble in cold 20 per cent, nitric aeid. 

The above cyanide, whilst it yields a hydrosulphide with hydrogen 
sulphide, is also capable of yielding sulphides with potassium poly-

1 Hofmann and Feigel, Ber., 1905, 38, 3654. 
VOL. x i . : 1. & 
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sulphide and with a methyl alcoholic solution of ammonium poly-
sulphide, the structures of these compounds being as follows :— 

(Hg=CII-CH2 .Hg')2S and CH2 CH2 

H g - S - H g 

Two further sulphur compounds may be obtained from ethane 
hexamercarbide itself. (1) By shaking the base with a benzene solution 
of sulphur chloride yellow c^stals are isolated, which probably have the 
composition : 

CIHgv .HgCI 

ClHg/ | I \HgCl 
s-s. 

The halogen is readily removed by silver nitrate. (2) A methyl alco
holic solution of ammonium polysulphide when left in contact with the 
base for several weeks yields a yellow compound, to which the following 
structure has been assigned:— 

0 — H g Hg—0 

H g - C C Hg 

HS—Hg Hg—SH 
Ethane hexamercarbide yields a yellow substance when treated with 

sodium bisulphite, the product turning grey in the light; but the base 
is easily regenerated by treatment first with hot nitric acid, then with 
sodium hvdroxide. 

Although the base does not combine with ammonia, its salts readily 
add on this gas to form stable compounds. 

Hydrazine hydrate only slowly reduces the mercarbide, evolving 
ethane, as follows :— 

C 2Hg 60 2(OH) 2+3N 2H 4=C 2H 6+6Hg+3N 2+4H 20 

Hydrogen sulphide splits off a small quantity of mercuric sulphide, 
and yields a white sulphide of the mercarbide. 

Potato starch and cane sugar also yield mercarbides,1 of composition 
C3H602Hg2.N03 and C3He06IIg4.N03 respectively. 

DERIVATIVES OF ALLYL ALCOHOL.2 

Allyl alcohol gives rise to two types of mercury compounds : 
1. Propylene glycol mercuric salts, which are considered to be 

derivatives of the unknown y-hydroxymercuripropylene glycol, 
HOCH2 - C H O H -CH2HgOH. 

2. Mercuridipropylene oxide salts or dipropylene oxide dimercuric 
salts, which have the constitution : 

XHgCH2~CH< >CH—CH2HgX 
\ C H 2 — 0 / 

1 Hofmann, Ber., 1900, 33, 1333. 
2 Sand and Hofmann, Ber., 1900, 33, 1358; Hofmann and Sand, Ber., 1900, 33, 2692 • 

Biilmann ^ . , 1 9 0 0 , 3 3 , 1641; 1902,35,2586; Sand, Ber., 1901, 34, 1393, 2910 ; Stoehr, 
J. praht. GTiem., 1897, [2], 55, 88. 

file:///HgCl
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First Type. 
Propylene glycol mercuric bromide, CH2OH—CHOH—CH2—HgBr, 

forms white crystals from benzene-acetone solution, which melt at 81° 
to SG° C, and decompose at 110° C. I t is easily soluble in alcohol or 
acetone, somewhat soluble in water, but readily decomposed by hydro
chloric acid. The method of preparation is as follows : 100 grams of 
yellow mercuric oxide are dissolved in 20 per cent, nitric acid, and the 
solution treated with pure, dilute potassium hydroxide until on shaking 
the white precipitate of basic nitrate no longer disappears. Allyl 
alcohol is then added drop wise, with continuous stirring, and a clear 
solution is obtained; then more potassium hydroxide is added, which 
causes a white precipitate, the latter being dissolved by the addition of 
more allyl alcohol. This process is repeated, the temperature being 
maintained at 10° C. by cooling; the completion of the reaction is 
indicated by a sudden darkening of the precipitate, and the solution then 
has an alkaline reaction. Potassium bromide is then added, allowing 
one molecular weight of this salt for every atomic weight of mercury 
present, and after standing for twenty-four hours the bromide is 
precipitated by passing carbon dioxide through the mixture. 

The corresponding iodide is prepared in a similar manner to the 
bromide. It may be crystallised from benzene or acetone and melts at 
about 80° C. I t is more readily decomposed than the bromide, and 
hydrochloric or acetic acids break it down to allyl alcohol and mercuric 
salts. The presence of the two hydroxyl groups has been shown by the 
fact that the iodide yields a dibenzoyl derivative, M.pt. 100° C. When 
the iodide is treated with iodine at 40° C. a liquid iodohydrine is obtained. 

Second Type, 
Dipropylene oxide dimercuric sulphate may be prepared as follows : 

75 grams of mercuric oxide are dissolved in a mixture of 300 c.c. of 
water and 180 c.c. of dilute sulphuric acid (1 :1 ) and the solution filtered. 
Thirty c.c. of allyl alcohol are then stirred into the filtrate, and in two to 
four hours the sulphate separates out, is filtered, washed with cold 
water, and dried. Yield 60 grams. I t gives a clear solution in water, 
sodium hydroxide, or ammonia, and is best purified by crystallisation 
from boiling water containing a little allyl alcohol, crystals containing 
4 mols. of water of crystallisation being deposited. The solution in 
ammonium hydroxide if treated with about three volumes of alcohol 
yields white plates, which are an addition compound of the sulphate 
with 2 mols. of ammonia. This body is completely soluble in water, but 
gives off ammonia when boiled. The addition product with potassium 
bromide yields the corresponding bromide and free ammonia. 

The corresponding nitrate crystallises with one molecule of water of 
crystallisation as a white crystalline compound. The preparation is 
similar to the sulphate, the sulphuric acid being replaced by 40 per cent, 
nitric acid. The product is soluble in alkali or ammonium hydroxide, 
and ammonium sulphide gives a yellow precipitate when added to these 
solutions. The aqueous solution of the nitrate has an acid reaction, and 
from it potassium bromide precipitates the bromide quantitatively. 
When dissolved in 20 per cent, ammonium hydroxide the nitrate gives 
a white crystalline body containing one molecule of ammonia, which has 
similar properties to the corresponding sulphate. 

The acetate forms small stellate crystals when allyl alcohol is added to 
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a solution of mercuric oxide in dilute acetic acid. The solution in 
water gives precipitates with potassium chloride or bromide, but not 
with ammonia or alkalies. Solutions in the latter yield white pre
cipitates with ammonium sulphide. 

A cyanide, sulphide, and a basic carbonate have also been obtained 
from the nitrate as thick white precipitates. 

The chloride is prepared by the action of dilute hydrochloric acid 
upon the nitrate, or by using potassium chloride and carbon dioxide. 
When treated with moist silver oxide it yields an aqueous solution of 
the hydroxide, the latter also being formed when freshly precipitated 
mercuric oxide, allyl alcohol, and water are shaken together. Reduction 
of the chloride by zinc and hydrochloric acid gives an odour of allyl 
alcohol, whilst oxidation with permanganate causes the immediate 
decomposition of the compound with the formation of oxalic acid. 

The bromide is prepared in the same way as the chloride, is insoluble 
in organic solvents, and melts at 251° C, It reacts •with alkaline sodium 
stannite solution, yielding a brick-red compound L, which turns brown on 
exposure to light. This decomposition product when extracted with 
hot benzene gives II., the corresponding mercuric compound to I. I t 
melts at 190° C. is insoluble in water, alkalies, dilute acids, or acetone, 
readily soluble in benzene or toluene, and is decomposed by concentrated 
hydrochloric acid. With mercuric chloride or picric acid it gives pre
cipitates, but remains unchanged when boiled with potassium hydroxide, 
cyanide, or iodide. 

CI-L, 0 - CHa O 

Cll—CIIa—Hg—Hg—CHa—CH CH—CH2—Hg—CH2—CH 

O- ~CH, 
I. 

O- -CH, 
II . 

The iodide is prepared from an alkaline solution of the nitrate by the 
addition of potassium iodide. It may be crystallised from boiling alkali. 
It hasM.pt. 271° C, is practically insoluble in organic solvents, and 
remains unchanged when treated with 20 per cent, hydrochloric acid. 
With iodine in potassium iodide it reacts slowly, but iodine in benzene at 
140° C. gives di-^pModohydrine, to which Stoehr l assigns the structure : 

ICH*—CH—CHo—O 

6—CH3— CH—CH2I 
Ilofmann and Sand2 showed the difference between the two types of 

compounds just discussed by the following comparisons :— 

Reagent. 

Alcohol, acetone. 
HCL 
Alkaline KI. 

,, KCN. 
H2S. 

Propylene glycol mercuric 
bromide. 

C3H702—HgBr. 
M.pt. 84-86° C. 

Easily soluble. 
Rapidly decomposed. 
No precipitate. 

do. 
do. 

Dipropylene oxide di-
merotirio bromide. 

(C3H502-HgBr)2 . 
M.pt. 251° C. 

Insoluble. 
Unattacked. 
White precipitate. 

do. 
do. 

1 Stoehr, J. prate. C'hem., 1897, [2], 55, 88. 2 Hofmann and Sand, Ber., 1900, 33, 2700. 

hasM.pt
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Similar properties are shown by the respective iodides, whose melting-

points arc about 80° C. and 271° C. 

DERIVATIVES OF ALDEHYDES. 

Very little satisfactory work has been done on the mercury com
pounds of the aliphatic aldehydes. The chief reason for this is the i'aet 
that mercuric acetate is soon reduced by aliphatic aldehydes, paralde
hyde, acctals or aldoses, mercurous acetate separating out.1 

Leys 2 used a reagent consisting of one gram of mercuric oxide in 
100 c.c. of 5 per cent, sodium sulphite solution as a test for aldehydes 
containing the grouping —CH2.CHO. If a few drops of acetaldehyde be 
added to this solution in the cold and an equal volume of dilute sodium 
hydroxide, a heavy white precipitate is obtained, to which Leys assigned 
the formula: 

/°\ Hg : CH.CH< >Hg 

The author stated that the only substances which yielded pre
cipitates with the reagent were terpenes, and acetone or acetyl acetone 
on warming. 

Hofmann,3 by the interaction of acetaldehyde, mercuric oxide, and 
aqueous sodium hydroxide, only obtained aldehyde resin, but with par
aldehyde a small quantity of a base was produced, C2IIg6OaII2, which 
corresponds to ethane hexamercarbide. 

Later, the same investigator, using another mercuric salt, succeeded 
in obtaining a more definite compound.4 

Chlora tod imercur acetaldehyde, 

H g = C - C H O 

H g - C I 0 8 

forms colourless, lustrous prisms, more explosive than mercury fulmin
ate. The compound is readily produced by the addition of an alcoholic 
solution of acetaldehyde to a solution of mercuric oxide in aqueous 
chloric acid. When treated with potassium hydroxide or cyanide, 
aldehyde resin is produced. 

Auld and Hantzsch,5 from acetaldehyde and mercuric oxide in 
slightly alkaline solution, obtained a base, trimercuridialdehyde hydrox
ide, which readily polymerised to a white powder, (C^HgOgHgg)^. The 
latter decomposes without melting at about 100° C. and is insoluble in 
the usual organic solvents, decomposed by dilute hydrochloric acid 
with formation of acetaldehyde and mercuric chloride, but not affected 
by dilute acetic acid. The investigators state that ' this is a delicate 
test for the presence of small quantities of acetaldehyde, since it detects 
the presence of one part of aldehyde in 6000 parts of water.6 

1 Lasserre, J. Pharm. Chim., 1905, [vi.J> 22, 246; Chem, Zentr., 1905, ii. 1125. 
2 Leys, J. Pharm. Chini., 1905, [vi.], 22, 107 ; Bull. Soc. chim,, 1905, [3J, 33, 1320. 
3 Hofmann, Ber., 1898, 31, 1904. 
1 Hofmann, ibid., 1905, 38, 1999. 
5 Auld and Hantzsch, Ber.t 1905, 38, 2684. 
6 For chlorate trimercuracefcaldehyde, perchlora to mere uracet aldehyde* and nitritodi-

mercuraeetaldehyde, see the action of acetylene on mercuric chlorate, perchlorate, and 
nitrate. 



54 OKGANOMETALLIO COMPOUNDS. 

DERIVATIVES OF KETONES. 

It was stated that aliphatic aldehydes or aldoses reduced mercuric 
acetate, but no such reduction is noticed with ketones or ketoses.1 

Nevertheless most investigators differ as to the products derived from 
ketones, and it is very dilficult to say whether many of the compounds 
described arc truly organometallic or merely complex addition products 
of the ketones. For the sake of readers interested in these derivatives, 
the following tabic is inserted to summarise these compounds of doubtful 
structure. The ketone used in these investigations was acetone. 

PRODUCTS DERIVED FROM ACETONE AND 
MERCURIC SALTS. 

Mercury Salt Used. 

Alkaline mercuric 
acetate. 

Cone, mercuric sul
phate solution. 

ilercurie sulphate. 

Mercuric oxide, 
sodium hydroxide. 

Mercuric chloride in 
alkaline solution. 

-Mercuric sulphate. 

Mercuric chloride, am
monium chloride, 
hydro xylaminonium 
chloride. 

Mercuric sulphate. 

Do. 

Product. Isolated. 

MesC0.2HgO. 

3Me2CO.5HgO.5HaN04 

Me3C0.3Hg(J.2HgS04. 

C3HftH703 . 

2Me.,C0.3HirO. 

4Me.XU9HgO.OHtf.SO4. 
Me„C0.3Hg0.2Hc.SO.. : 

2Me2C0.5Htftaa.2NH4C1.2 
(NHaOH.HCl). 

5Me8C0.12Hs0.8HgS04. 

Using monochloroacetone, 
MeCOGH2C1.3HgO. 

2HgS04 . 

REFERENCES, 

Lasserre, J. Pharm. Chim., 
1905, [vi.], 22, 246. 

Biilmann, Ber., 1902, 35> 2584. 

Deniges, Ann. Chim. Phys., 1899, 
[7J~ 18, 382 ; Bull. 80c. chim., 
1898, [3], 19= 494, 751. 

Hoimann, Ber., 1898, 31, 1904; 
Kutscherow, Ber., 1884,17, 20. 

Reynolds, Ckem. News, 1871, 
23 ,217; Ber., 1871,4,483. 

Oppenheimer, Ber., 1899, 32, 
9S6 ; Hofmaim, 1898, 31, 399. 

Urig< )ro wit sch, Che m. Ze n tr., 
1906, i. 743. 

Deniges, Ann. Chim. Phys., 
1907, [8], 12, 401. 

Deniges, Ann. Chim. Phys., 
1899, [7], 18, 382. 

The work now to be described relates to compounds from acetone, 
which are far more definite in constitution, although very complex. 

Interaction of Acetone and Mercuric Cyanide.2-—To a solution of 11 
grams of mercuric cyanide in 120 c.c. of ethyl or 30 c.c. of methyl alcohol 
is added 1-5 grams of sodium in 40 c.c. of alcohol. After twenty-four 
hours any precipitate is filtered off and 1-25 grams of acetone added to 
the clear solution; a dense white precipitate is formed, which is filtered 
off and washed free from cyanide. This product is decomposed by 
dilute hydrochloric acid, yielding acetone and hydrogen cyanide : 

C5H2ON2Hg3 +6HC1 =C 3 H 6 0 +2HCN+8HgCla 
1 Lasserre, J. Pharm.. CMm., 1905, [vi.], 22, 246. 
- Marsh and Fleming Struthers, Trans. Chem. Soc, 1905, 87, 1878; Proc. Chem Soc 

1905, 21, 248. 

4Me.XU9HgO.OHtf.SO4
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A similar product is formed when acetone and mercuric cyanide react in 
presence of sodium hydroxide, and the reaction may occur according to 
the equation: 

C 3 H 6 0+3Hg(CN) 2 =C 5 H 2 ON 2 Hg 3 +4HCN 

The constitution assigned to the compound is 

/CH.HgCN 

Hg< CO 

-CH.HgCN 

T e t r a - a c e t o x y m e r c u r i diacetone hydrate.—This substance is 
prepared as follows: l 25 grams of dry powdered mercuric acetate and 
50 grams of acetone (made from bisulphite compound) are heated under 
pressure at 100° C. for two hours. The solution after cooling and filter
ing does not produce a yellow coloration when treated with potassium 
hydroxide. Evaporation on the water-bath gives a yellow oil, which is 
taken up in 95 per cent, alcohol, and after a time white flocks appear. 
These are filtered off, washed with alcohol, and recrystallised from 
alcohol containing a few drops of acetic acid, the resulting product melt
ing at 157° C. The course of the reaction is probably as follows, the 
acetone reacting in the enolic form :— 

CH2 

CEL.C-OH Hg(OAo)s 

H,C-HgOCOCH< 
"l yO.CO.CH3 

H3C.C< 

H,C-HgOCOCH 3 „ , „ , „ . , 
2 i ° 3 2mols.Hg(OAc) 

H C 3 - C = 0 
HC 

H , C - G 

,HgOCOCH3 

NffgOCOCH, 
OCOCH3 

\ O H 

,HgOCOCH3 
HC< 

\HgOCOCH3 
•OH 

H3C-C< 
-OH 

,HgOCOCH3 CH 30COHg v 

HC<f >CH 
-HgOCOCH3 CH3OCOHg/ 

H 3 C - C ^ 
HOx 

-0 C - C H , 

* Sand and Genssler, Bar., 1903, 36, 3699. 
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This acetate, treated with 20 per cent, hydrochloric acid and 
potassium cyanide solution, splits up into acetone and mercury sa l t ; 
whilst potassium hydroxide gives the corresponding ietra-hydroxy-
mercuri compound. An aqueous solution of the acetate when decom
posed with 10 per cent, potassium hydroxide yields a white precipitate 
of an oxide having the constitution : 

H C / > 0 G< > CH 
| N H g / X H g / 

/ O H H O \ 
I I , C - C l O V ~ C H 3 

This oxide is insoluble in water and organic solvents. The acetate 
with sodium chloride or oxalates yields the corresponding salts, the 
former being a very insoluble compound possessing no melting-point. 

T r i - m e r c u r i diacetone hydrox ide , 1 

HOHg—CH Hg—CH—HgOH 

CH3—C(OH)—0—C(OH)—CH3 

The mercuric oxide precipitated from 20 grams of mercuric chloride 
is well washed, and whilst moist treated with a solution of about 6 c.c. 
of acetone in 100 to 150 c.c. of water, a few drops of baryta added, and 
the whole well shaken until a solution is obtained. The baryta is 
precipitated by carbon dioxide, the latter removed by a current of air, 
and the barium carbonate filtered off. Evaporation of the filtrate on 
the water-bath gives a thick syrup, which forms a clear solution in water 
and reacts slightly alkaline. Its electrical conductivity is as follows :—• 

M=0-018, v=256\ o p 

^-0-022 , v = 5 1 2 / a t i b U 

Dilute hydrochloric acid gives the corresponding dichloride, 

CIHg—CH Hg—CH—HgCl 

H 8C-C(OH)—O—C(OH)—CH 8 

as a colourless powder, easily soluble in aniline or pyridine, with difficulty 
in alcohol, and practically insoluble in water. When heated it becomes 
yellow and melts at about 110° C. 

It forms a platinichloride, an amorphous product exploding suddenly 
at 178° C. 

The corresponding dibromide forms small white needles, M.pt, 127° C , 
which are soluble in warm alcohol, ether, or pyridine. The di4odide is so 
easily decomposed by acids that it cannot be prepared in the same way 
as the foregoing compounds. The base is first treated with potassium 
iodide, then with dilute acetic acid, when a faint vehow precipitate is 
obtained. This consists of small needles, M.pt. "104° C , which arc 
insoluble in water, more soluble in alcohol or ether. 

The base forms a picrafe which contains 6 mols. of water of 
crystallisation, and is somewhat soluble in hot water; its conductivity, 
ft, is 0-042, at a dilution, v, of 1100 at 25° C. 

1 Auld and Hantzsch, Ber,, 1905, 38, 2G84. 
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When the base is exposed to sunlight or treated with acids or alkali 

it is converted to an insoluble polymer.1 The base or its polymer, when 
boiled with alkali, is decomposed, yielding water, acetone, and acetone 
mercarbidc, which is identical with Hofmann's compound, 

CH3—CO—C< 
•Hgs 

^ 

>0 

HgOH 

Concentrated hjalrogen halides or oxyacids also decompose the base, 
immediately, giving acetone and a mercuric salt. Bromine in ])otassium 
bromide Avith the base yields mercuric bromide and fw-dibromoacetone ; 
whilst hydrogen sulphide precipitates mercuric sulphide from the base. 

Derivative of Methylethyl Ketone. 

From this ketone, by means of mercuric acetate, Lasserre2 is stated 
to haATe obtained a compound of similar constitution to the one he 
isolated from acetone, 

(COMeEt)2.3HgO 

By using the same methods as for acetone Sand and Genssler3 

isolated a body resembling that from the loAver ketone. When this com
pound is treated Avith alcoholic picric acid it yields a picrate, which 
crystallises from benzene-acetic acid and has had the following oxonium 
constitution assigned to it :— 

HSC-
,HgO.CO.CH3 

\HgO.CO.CH3 
/ O H 

CH,CO.OHg 
-GIL 

CHjCO.OHg' 
H O 

O -

+ i C 6 H 3 0 , N i 

>C—CH. H3C—C 

With the above exception, none of the higher ketones yield derivatives 
of definite constitution. 

1 See .Reynolds, Chem. News, 1871, 23, 217 ; Ber., 1871, 4, 483. 
3 Lasserre, J Pharm. Ghim., 1905, [vi.J, 22, 246. 
a Sand and Genssler, Ber., 1903, 36, 3699. 
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CHAPTER V. 

MERCURY (continued). 

DERIVATIVES OF ALIPHATIC ACIDS—DERIVATIVES OF FORMIC 
ACID. 

T H E following compounds, although written as derivatives of formic acid, 
have never been obtained from the acid or its esters. The formulas 
assigned to them below are those due to Schoeller, Schrauth, and Essers,1 

although Manchot a considers them to be molecular addition compounds 
ofthetypeCO.Hg(OR)X. 

Acetoxymercuriformic methyl ester, AcOHg.C02Me.—The pre
paration and details for isolating this compound are the same as those 
given for the preparation of acetoxymercuri-ethylmethyl ether, the ethy
lene in the latter experiment now being replaced by carbon monoxide. 
The yield is 88 per cent. I t crystallises in stellate aggregates of fine 
needles, M.pt. 110° C, easily soluble in alcohols or chloroform, sparingly 
in warm water, acetic acid, acetone, or benzene, and with difficulty in ether 
or petroleum ether. Carbon monoxide is split off when the salt is warmed 
or treated with 5-Normal hydrochloric acid, and the salt is decom
posed by gentle warming with dilute sulphuric acid. Gently warmed 
with nitric acid it yields carbon dioxide: Aqueous or alcoholic ammonia 
splits out metallic mercury. When treated with dilute hydrochloric 
acid the chloride is obtained. long needles, M.pt. 110° C. The bromide 
crystallises in white plates, decomposing at 127° to 128° C , and the 
iodide has a similar appearance but is very easily decomposed. 

Acetoxymercuriformic ethyl ester is prepared by the action of 
carbon monoxide on an ethyl alcohol solution of mercuric chloride, but 
the absorption takes three times as long as in methyl alcohol. The 
compound sinters at 65° C. and melts at 125° C. I t is easily soluble in 
acetone, chloroform, or ethyl acetate, less so in warm water, ether, or 
benzene, sparingly in cold water, and insoluble in ligroin or petroleum 
ether. I t crystallises in warty needles. The chloride crystallises in 
plates, melting at 88° C. with decomposition; the bromide and iodide are 
similar compounds. A sulphide has also been obtained as a yellowish-
white precipitate. 

DERIVATIVES OF ACETIC ACID. 

Bromomercuri-acet ic acid, HgBr.CH2.C02H.—A methyl alco
holic solution of ethanol mercuric bromide is treated with bromine and 
potassium hydroxide, a white crystalline precipitate being obtained. 

1 Schoeller, Schrauth, and Essers, Ber., 1913, 46,2869. 
3 Manchot, Ber., 1920, 53, 984. 
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It crystallises in colourless needles, M.pt. 198° C, not decomposed by 
hydrochloric acid. With potassium iodide solution a yellow iodide is 
formed. 

Some bromide is formed when ethanol mercuric bromide is oxidised 
by permanganate, but the main product of the reaction is oxalic acid.1 

Anhydr ide of hyd roxymercu r i - ace t i c acid.2—This derivative 
is not obtained by direct mercuration of the acid or its derivatives, but 
by degradation of malonic acid derivatives. 

(a) Mercury malonic ester (10 grams) is vigorously shaken with 100 c.c. 
(about 4-5 mols.) of normal sodium hydroxide at 37° C. for three hours, 
when a clear solution is obtained, which is allowed to remain at the 
same temperature for a further twelve hours. After filtering and diluting 
with 200 c.c. of water, 110 c.c. of Normal sulphuric acid are added, 
when white flocks separate, and carbon dioxide is evolved. The reaction 
is then brought to completion by allowing the mixture to remain on the 
water-bath for several hours, after which the precipitate is filtered off and 
washed free from sulphuric acid by decantation with hot water. The 
product is then dried in vacuo over phosphorus pentoxide, when a horny 
mass is obtained. Yield 5 to 5-6 grams, which is some 90 per cent, of 
the theory. 

(b) Malonic acid (100 grams) and 120 grams of solid sodium hydrox
ide (about 3 mols.) are dissolved in 300 to 400 c.c. of water and heated 
to boiling, when 200 grams of precipitated mercuric oxide (1 mol.) are 
slowly added during half an hour. The oxide goes into solution, and 
the liquid is then diluted to about 1500 c.c. by the addition of 950 grams 
(1-5 mols.) of sulphuric acid (15-9 per cent.). I t takes several hours to 
evolve the carbon dioxide completely, after which the product is filtered 
off and washed free from sulphuric acid, a nearly theoretical yield being 
obtained. 

Mono- and trimolecular formulas have been proposed for the com
pounds I. and II., whilst Biilmann believes that the preparation (b) yields 
a product to which he gives formula III.3 

CH2-

H g -

- C = 0 CH3-

Hg 

O 

- C O - O H g - C H 2 

CO 

CO CEL HgO 

C02.Hg—C< 

C 0 2 . H g - C 

•Hg.CO, 

-COOH 
/COOH 

^Hg.C02 

I. II. III. 

The anhydride towards 200° C. becomes brown, and at 250° C. 
explodes. It is insoluble in the usual solvents, but soluble in alkalies 
and alkali salts, yielding hydroseymercuri-acetic acid, HOHg.CH2.CO0H. 

The sodium salt of this acid is obtained by dissolving the anhydride 
in 1 mol. of sodium hydroxide and evaporating the solution in the absence 
of carbon dioxide. Needles are deposited, which are fairly soluble in 
water, giving a solution alkaline to litmus, but the salt is insoluble in 

1 Sand and Singer, Aimalm, 1903, 329, 166. 
2 Schrauth and Schoeller, Ber., 1908,41,2090; German Patents, 208634, 213371. 
3 Biilmann and Witt, Ber,, 1909, 42, 1067. 
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the usual organic solvents. When treated with ammonium sulphide, 
mercury sulphide is precipitated, and with solutions of metallic salts 
the difficultly soluble metallic salts of the acicl are precipitated, e.g. 
copper sulphate yields (HOHg.CII2COO )aCu. The calcium, silver, 
mercury, and lead salts are white powders. 

—Dry mercuric acetate and freshly distilled acetic anhydride are heated 
at 100° C.5 until a test portion of the solution gives no precipitate of 
mercuric oxide, when treated with sodium hydroxide. A mercury 
derivative of acetic acicl is thus obtained as a line micro-crystalline 
precipitate, having the composition : 

•C(HgOAc)2 

This acetate is insoluble in organic solvents, dissolves with decom
position in hydrochloric acid, but is soluble in cold 20 per cent, nitric 
acicl with formation of a nitro-acetate, 

A%g\ MgOAo 

\ c o / \ H g N O s 

which may be precipitated by the addition of a large bulk of water. 
Both the above compounds are non-explosive, but the free base 

prepared by decomposing the diacetatc with cold potassium hydroxide 
is an exceedingly explosive compound. I t is colourless, easily soluble 
in cold 20 per cent, hydrochloric acid or in potassium cyanide solution, 
and has the constitution : 

/ H g \ yHg\ 
20< 

When heated to 160° C. it loses water and carbon dioxide, forming 
probably a methane derivative, 

•Hsf 
• & 

This compound when reduced by sodium amalgam yields mercuric 
acetate, whilst potassium iodide forms the corresponding iodide. 

Mercur i -hydroxymercur i - ace t i c acid,2 

H g = C - C O O H 

H g - O H 

The sodium salt of the acid is obtained when sodium acetate, mercuric 
oxide, and concentrated alkali are heated together at 110° to 120° C. 
for two to three hours and the melt extracted with water. The residue 
remaining is a polymer of the preceding compound, and is insoluble in 

1 Sand and Singer, Ber., 1903, 36, 3707. 
2 Hofniann, Ber., 1899, 32, 870; Ckem. Zentr., 1899, i. 1024. 
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alkali or acids. I t dissolves, however, in nitric acid, and addition of 
water precipitates the nitrate, 

[(NO ; 5n^)(Ife-)C.COOH] f f i 

as a yellowish-white crystalline mass, which decomposes on heating or 
on treatment with hot dilute hydrochloric acid or potassium cyanide. 
Sodium carbonate or 5 per cent, potassium hydroxide converts this 
nitrate to the liydr oxide, but prolonged warming with concentrated 
alkali yields salts. A .potassium hydroxide solution of the nitrate 
on addition of alcohol gives a precipitate of a yellow potassium salt 
of the formula, 

C aHg a0 8HK.C aHg a0 3H a .2H aO, 

and this is decomposed by dilute hydrochloric acid to the chloride, 

(ClHg)aHC.COOH. 

The nitrate of mereuri-hydroxymercuri-acetic acid is precipitated from 
alkaline solution by dilute nitric acid as a voluminous precipitate, which 
crystallises from 10 per cent, nitric acid in long needles. 

D i h y d r o x y m e r c u r i - i o d o m e r c u r i - a c e t i c acid, 

H O H g ^ ySgl 

H O I I g / ^ C O O H 

Whereas mcrcuri-hydroxymercuri-acetic acid derivatives are formed 
when sodium acetate, mercuric oxide, and concentrated alkali are heated 
together, the replacement of the oxide by mercuric iodide leads to the 
production of the sodium salt of the above iodomercuri compound when 
the action is carried out at 105° C. The derivative crystallises in yellow 
plates, which are only decomposed with difficulty by hydrochloric or 
hydrobromic acids. The free acid is obtained by the action of dilute 
nitric acid on the sodium salt, and it crystallises in greenish-white plates, 
which are partly decomposed by hot dilute hydrochloric acid, and com
pletely by potassium cyanide solution, whilst potassium iodide gives a 
strongly alkaline liquid which is yellow. This iodide with dilute silver 
nitrate solution gives the nitrate, (N03Hg)(HOHg)3.C.COOH, as a 
yellowish-white crystalline powder, which decomposes on heating, and 
is insoluble in water or 3 per cent, nitric acid, but soluble with partial 
decomposition in hydrochloric acid, potassium cyanide, or iodide 
solutions. 

T r i c h l o r o m e r c u r i - a c e t i c acid, (ClHg)3C.COOH.—When an alco
holic solution of mercuric chloride is boiled for twenty hours with 
sodium ethylate, acetate, or propionate, the mercarbide, C2Hg4Cl4, is 
obtained in glistening scales. I t is soluble in hot alkali, and dilute 
hydrochloric acid precipitates the above chloride from the solution, 
a black residue remaining, which is a mixture of mercury with di- and 
trimercuri-aeetic acid. The mercarbide, I., when warmed with sodium 
hydroxide or potassium cyanide, is decomposed, mercury separating and 
a" strong odour of aldehyde resin being noticed. Heating with mercuric 
oxide and potassium hydroxide at 105° to 110° C. gives the explosive 
base I I . : 
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CIHgx 

ClHg" 

,C1 
>c—c 

gCl 

I. 
lg 

g \ 
/HgOH 

N H g / 
II. 

Halogen substituted acetic acids have not been investigated to any 
great extent as to their capacity for forming mercury derivatives. 
Hofmann x isolated the compound, HgCLCHCl.COOH.KCl, by boiling 
sodium monochloroacetate with mercuric oxide and alkali in aqueous 
solution. The compound crystallises from alcohol in silky needles, 
which are decomposed by dilute hydrochloric acid into mercuric chloride, 
potassium chloride, and glycol; by sodium hydroxide into mercuric 
oxide and sodium glycollate. 

DERIVATIVES OF CYANOACETIC ACID.2 

Hydroxymercur icyanoacet ic acid, 

HOOC.CH.CN 

HgOH 

When 3-24 grams of mercuric oxide (0-015 mol.) and 1-7 grams of 
cyanoacetic acid (0-02 mol.) in 30 c.c. of water are shaken together for 
two days, the mercuric oxide dissolves and a white crystalline precipi
tate is deposited (4-4 grams), which is soluble in alkalies forming salts. 
Attempts to prepare the same compound from aqueous cyanoacetic acid 
and mercuric acetate failed to give the same result. The sodium salt 
of the acid is obtained in good yield when sodium cyanoacetate is shaken 
with mercuric oxide, and the potassium and barium salts are prepared in 
the same way. The potassium salt is also obtained when mercuric 
cyanide and potassium cyanoacetate react in alkaline solution. 

The ethyl ester is prepared by adding an aqueous solution of mercuric 
acetate (3-36 grams in 100 c.c.) to the ethyl ester of cyanoacetic acid in 
methyl alcohol (2-4 grams in 60 c.c), when 6-2 grams of the ester 
separate as a snow-white crystalline precipitate. The methyl ester is 
also crystalline and prepared in a similar manner. 

By treating a neutral solution of mercuric nitrate with ammonium 
cyanoacetate, Meves 3 obtained a mercury compound of indefinite com
position. Petterson, by adding ammonium cyanoacetate solution, 
0-02 mol., to an aqueous solution of mercuric acetate, 0-03 mol., obtained 
in two days a white flocculent precipitate, which split off mercuric oxide 
when treated with sodium carbonate. The following formula? have 
been proposed for the substance :— 

CN CN CN CN CN CN 

HC.COO- -Hg-

O-

-OOC.CH, 

Hg 

and HC.CO—O—CO.CH 

HgO-
1 Hofmann, Ber.3 1899, 32, 870; Chem. Zentr., 1899, i. 1024. 
2 Petterson, J. prakt. Chem., 1912, 86, 462. 
2 Meves, Annalen, 1867, 143, 204. 

-Hg- -OHg 
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DERIVATIVES OF BENZOYLACETIC ACID. 1 

Anhydro-a-hydroxy-mercuribenzoyl acetic acid, CCH3,C0— 
CH—CO—0—Hg.—Three grams of benzoyl acetic acid in 50 c.c. of 

chloroform are boiled for one minute with an excess of yellow mercuric 
oxide and filtered. The nitrate is evaporated to dryness, the residue 
extracted twice with ether and dried. Yield 1-3 grams. The compound 
is white, decomposes at about 290° C , and is readily soluble in hot chloro
form or sodium hydroxide, but insoluble in water or ether. Dilute 
hydrochloric acid decomposes it, forming mercuric chloride and benzoyl 
acetic acid. 

Mercury-bis-henzoylmethane, (C6H5COCH2)2Hg.—Five grams 
of yellow mercuric oxide are added to 1-3 grams of benzoyl acetic acid 
in 50 c.e. of 95 per cent, alcohol, the mixture heated to boiling and 
filtered. The residue is boiled with 20 c.c. of alcohol, filtered, and the 
two nitrates combined. Dilution with water and cooling in ice yields 
0-8 gram of a very pale yellow precipitate, M.pt. 159-5° C. The com
pound is soluble in hot alcohol or acetone, but insoluble in water or ether. 
An alcoholic solution of the compound does not give a precipitate of 
mercuric oxide when treated with sodium hydroxide, but ammonium 
sulphide gives an immediate precipitate of mercuric sulphide. With 
mercuric chloride it yields the following compound:— 

Benzoylmethyl-mercuric chloride.—The above compound in 
hot 95 per cent, alcohol is heated with mercuric chloride until the 
mixture no longer gives a test for mercuric ions when treated with 
sodium hydroxide. The mixture, after dilution and cooling in ice, gives 
a precipitate melting at 146° C. This compound is identical with that 
prepared by the direct mercuration of acetophenone, i.e. phenacyl-
mercuric chloride, see p. 196. 

DERIVATIVES OF NITRO-ACETIC ESTERS. 2 

Ethyl hydroxymercuri-aci-nitro-acetate anhydride, 

/ N 0 V 0 < >C.C02CoH5 
\ H g / 

This compound is formed as a white precipitate from the interaction 
of ammonium aa-nitro-acetate and mercuric chloride in aqueous solution. 
I t sublimes when carefully heated, detonates when strongly heated, and 
when ignited burns with a luminous flame. In bases it dissolves readily, 
but is almost insoluble in boiling water. Treatment with bromine in 
potassium bromide solution forms ethyl dibromonitro-acetate, and 
potassium iodide removes the mercury from the anhydride as mercuric 
iodide. 

Prager considered the formation of the anhydride to be preceded 
by the formation of ethyl chloromercuri-aci-nitro-acetate, 

1 Kharasch and Staveley, J. Amer. Ohem. Soc, 1923, 45, 2966, 
2 Scholl and Nyberg, Bet., 1906, 39, 1956; Prager, Monatsh., 1912,33,1285; Steinkopf, 

Annalen, 1923, 434, 21. 
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/CO.Et 
CH^-NO-

8 

\ I IgCl 

and it is probable that this compound is formed when the anhydride 
dissolves in dilute hydrochloric acid, and the corresponding cijanide 
when potassium cyanide is used as solvent. 

The sodium aci-nitro compound is a greenish-yellow substance, 
formed when the anhydride is dissolved in sodium hydroxide and the 
solution evaporated with exclusion of atmospheric carbon dioxide. 

The following formula has been assigned to it:— 

y C 0 2 E t 
Cf=N02Na 

\ H g O H 
iso-Propyl hydroxymercu r i - ac i -n i t ro -ace t a t e anhydr ide , 

NO. 
C 0 2 P I A C < >0 

±J-is 

is formed when mercuric chloride is added to an aqueous solution of the 
ammonium salt of Isopropyl aci-nitro-acetate in the presence of sodium 
acetate, and the isobutyl and isoamyl derivatives may be prepared in 
the same way. The general physical properties of these compounds are 
the same as those of the above ethyl derivative, save that potassium 
iodide does not react with their alkaline solutions. 

DERIVATIVES OF SUBSTITUTED ACETIC ACIDS. 1 

Many investigators have attempted to isolate mercury derivatives 
from aceto-acetic ester, but the results have been so varied that no 
reliance can be placed on any of the early work on this compound. 
Kharasch and Staveley,2 however, have obtained definite results by 
heating mercury salts of substituted acetic acids in vacuo, e.g. di
methyl and diethyl aceto-acetic acids when dried and heated in vacuo 
at 00° C. evolve carbon dioxide, and the mercury becomes bound to the 
carbon atoms which were formerly attached to the carboxyl groups :— 

Heat 
[CH3CO.CEt2 .C02]2Hg—^[CH3CO.CEt2~]2Hg+2C03 

Mercury bis-a-acetyl-a-isopropyl or Mercury-bis-aceto-di-
methyl-methane, [CH3CO.CMe2—]2Hg.—Mercuric dimethyl aceto
acetate is heated in a vacuum at 90° C, when it is found to lose two 
molecular equivalents of carbon dioxide, which is shown by the loss in 
weight. The resulting mass is extracted with acetone, and the solvent 
removed in vacuo, the product isolated melting at 120° C. It is soluble 
in acetone, alcohol, toluene, or xylene, but only slightly soluble in ether. 
Mercuric sulphide is split off from it by the action of ammonium sulphide, 
but no mercuric oxide is formed when sodium hydroxide is added. The 
compound soon decomposes with the deposition of metallic mercury. 

1 Helton and Oppenheim, Ber., 1877, io, 701 ; Hofmann, Ber.t 1898, 31, 221'2 • Ley 
Ber.t 1900, 33, 1014 ; Biilmann, Ber., 1902, 35, 2585 ; Michael, Ber., 1905, 38, 2090* 

2 Kharasch and fttaveley, J, Amer. Chem. 80c, 1923, 45, 2961. 

file:///IIgCl
file:///HgOH
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A c e t o - d i m e t h y l - m e t h y l - m e r c u r i c chlor ide , CH3CO,CMea— 
IlgCl.—To 1-8 grams of the preceding compound in 15 c.c. of alcohol, 
I -4 grams of mercuric chloride dissolved in 30 c.c. of 95 per cent, alcohol 
.are added, and the whole boiled for five minutes. On cooling, white 
.crystals, M.pt. 124-5° C, are deposited. Yield 1-1 grams. 

In a similar manner, commencing with mercuric aa-eliethylaceto-
acetate, the following compounds have been obtained, their properties 
being analogous to those of the methyl compounds :— 

M e r c u r y b i s - a -ace ty l - a - e thy lp ropy l or M e r c u r y b i s - ace to -
d i e t h y l m e t h a n e , [CH3CO.CEt2—]2Hg. M.pt. 109° C.; Aceto-d ie thyl -
m e t h y l - m e r c u r i c ch lor ide , [CH3CO.CEt2-]HgCl, M.pt. 77° C. 

Diazo-acet ic Esters.1—Mercuric oxide dissolves in the cooled ethyl 
ester of diazo-acetic acid, and the product is extracted with ether. From 
the ethereal solution yellow, rhombic crystals of mercury bis-diazo-aceiic 
ethyl ester are deposited, the parameters of which are a : b : c =0-4546 : 
1 : 0-72527. The crystals melt with decomposition at 104° C, and are 
affected by direct sunlight, mercury separating out. The substance 
explodes on concussion and is volatile in steam, with some decomposition. 

The methyl ester yields a similar compound which melts with partial 
decomposition at 123° C, and is less soluble in ether than the ethyl deri
vative. The methyl compound is decomposed by water at ordinary 
temperatures into mercury, nitrogen, methyl alcohol, oxalic and 
glyeollic acids. 

DERIVATIVES OF PROPIONIC ACID. 

Anhydr ide of a - h y d r o x y m e r c u r i p r o p i o n i c acid,2 

CII3—CH—CO 

Hg—O 
Hydroxymercuri methyl malonic ester, HOHg.CMe(C02Me)a, is saponi
fied with 4 mols. of Normal alkali hydroxide and the resulting solution 
acidified by dilute sulphuric acid. The precipitate is washed, suspended 
in water and boiled until the evolution of carbon dioxide ceases, a nearly 
quantitative yield of ester being obtained. I t decomposes at 150° C , 
and with halogen acids yields mercuric salts. I t is insoluble in organic 
solvents, but dissolves readily in alkalies. 

^ - M e r c u r y b i s -p rop ion ic acid, Hg(CH2.CH2.C02H)2.3—This 
derivative is isolated by reducing /3-iodopropionic ethyl ester in cold 
ethereal solution with 0-5 per cent, sodium amalgam. The residue is 
shaken with warm Normal sodium hydroxide solution, then cooled and 
acidified with dilute sulphuric acid, which precipitates colourless crystals. 
Yield 27 per cent. I t is recrystallised from hot water, and melts at 
148-5° to 149-5° C. (corr.). I t is easily soluble in warm alcohol, less so in 
acetone or hot ethyl acetate, and sparingly in ether or chloroform. I t is 
soluble in hot concentrated hydrobromic acid, the solution depositing 
crystals of an acid on cooling. Heated with water at 100° C. the acid 
forms the anhydride of fi-hydroxym.ercuripropionic acid. This decom
poses at 190° C , and is insoluble in the usual organic solvents or water, 
but soluble in alkalies or warm mineral acids. 

1 Curtius and Buohner, J. prakt. Ghem., 1888, [2 J, 38, 411 ; Buchner, Ber., 1895, 28, 215-
2 Schoeller and Schrauth, Bar., 1909, 42, 782. 
s Fischer, Ber., 1907, 40, 387. 

V O L . x i . : 1. £ 
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DERIVATIVES OF MALONIC ACID AND ITS ESTERS.3 

Mercury b is -malonic methyl es ter , Hg[CH(COOMe)2]2.—Methyl 
malonate (36 grams, 2|mols.), with 25 grams of mercuric oxide (1 mol.) 
and 50 c.c. of water, are shaken on a machine at 37° C, in the absence 
of light. After twelve hours a white body having the above composition 
separates out. It is soluble in cold chloroform and sparingly in alcohol, 
acetone, or ethyl acetate. I t sinters at 125° C. and melts at 127° C. 
(corr.). Saponification with 4 mols. of Normal alkali, and acidification 
with dilute sulphuric acid, gives an almost quantitative yield of the-
anhydride of hydroxymcrcuri-acetic acid. 

Hydroxymercur i methyl malonic methyl ester , IIOIig.CMe 
(C02Me)2.—The preparation is carried out in a similar manner to the 
above, using equal molecules of the ester and mercuric oxide and con
tinuing the shaking for several days. It is a white amorphous solid, 
insoluble in the usual solvents. When saponified as above it gives an 
85 per cent, yield of the anhydride of hydroxymereuri-propionic acid. 
In a similar manner the methyl ester of ethyhnalonic acid yields 80 per 
cent, of hydroxymcrcuributyric acid anhydride. 

From malonic acid itself, Biilmann claims to have obtained several 
very complex derivatives, but their constitution seems doubtful.2 

DERIVATIVES OF UNSATURATED ACIDS.3 

The acids oi this series can be mercuratcd, with the exception of 
fumaric and mesaconie acids, which only yield normal mercuric salts. 

Anhydride of a -hydroxymercur i - /3-hydroxypropionic acid, 

CH2(OH)—CH—CO 

Hg—O 

Five grams of anhydrous acrylic acid are mixed with a solution pre
pared from 10 grams of mercuric oxide in 10 c.c. of sulphuric acid and 
40 c.c. of water. Addition of alcohol gives a white, sticky precipitate, 
the latter on treatment with alcohol becoming gritty. It is filtered 
off, washed, and dried, and is very hygroscopic. The yield from two 
preparations was 8 to 9 grams. Biilmann assigns the'following con
stitution to this body :— 

CHaOH.CHHg.COa CH2OILClIHg.COJl 
SO 

4CH2OH.CHHg.C02 CII2OH.CIIIIg.C02H 

If the substance be boiled with 8 to 10 parts of water, a part of it 
dissolves; the insoluble residue, washed with water and alcohol and 
dried, gives the pure anhydride. 

1 Biilmann, Ber., 1902, & 2580; Schoeller and Schrauth, ibid., 1908, 41, 2089; German 
Patents, 208634, 213371. 

2 See German Patents, 221483, 231092, 24829] 
3 Biilmann, Ber.t 1902, 3$, 2571. 
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I t has also been prepared by heating mercurous aerylate, the follow
ing reaction taking place :— 

I Ig 2 (CH 2 =CH.CO a ) 2 +H 2 0=I Ig+CH 2 =CI l .C0 2 I I+CTI a OH.CHHg.C0 3 

Anhydr ide of a - h y d r o x y m e r c u r i - / } - h y d r o x y - n - b u t y r i c acid,1 

CII3—CHOH—CII—CO 

Hg—0 

Seven grams of crystallised crotonic acid in 50 c.o. ol warm water are 
heated with 7 grams of mercuric oxide until complete solution takes 
place. The solution is then evaporated to about 25 c.c., cooled, and 
treated with 200 c.c. of absolute alcohol. The white precipitate is 
washed with alcohol and ether, and dried over calcium chloride. 

The anhydride may also be prepared by the interaction of crotonic 
acid and mercuric acetate, precipitating the product with alcohol. 

Mercuration of crotonic acid using mercuric sulphate solution docs not 
yield a pure compound. 

Der ivat ive of a - a c e t o x y m e r c u r i - ^ - h y d r o x y s u c c i n i c acid, 

I IO—CH—C0 2 \ 
I >Hg. 2 H , 0 

AcOJIg— C H — C O / 

Mercuric acetate, 20 grams, is dissolved in 60 c.c. of water and treated 
in the cold with 5 grams of maleic acid in 40 c.c. of water. Airy pre
cipitate which may be formed is filtered off, 4 grams of maleic acid in 
40 c.c. of water added, and the mixture heated, a white micro-crystalline 
precipitate separating out. This is filtered off and washed with very 
dilute acetic acid, then with water, alcohol, and ether. Yield 7-5 grams. 
It is insoluble in water and alcohol, but dissolves in acids or alkalies. 
It reacts with sodium chloride and potassium iodide solutions according 
to the equations : 

H 0 C H - C 0 9 N a 
C 6 I I 6 H g 2 0 7 + 3 N a C l - [ - + C 2 H 3 0 2 N a + H g C l 0 

ClI Ig .CH-C0 2 Na 
C 6 H 6 H g 2 0 7 + 4 K I - C 2 I I 3 0 2 K + C 2 H 2 ( C 0 2 K ) 2 + 2 H g I 2 + K O H 

Derivat ive of a n h y d r o a - h y d r o x y m e r c u r i - a - h y d r o x y m e t h y l 
succinic acid, 

(HO.CH2 .C(C02Hg).CH2 .C02)2Hg or (Hg.CH2.C(CO2)(0H).CH2.CO3)2Hg 

When prepared by the mercuration of itaconic acid using mercuric 
sulphate solution, 7 grams of acid and 50 c.c. of the salt solution yield 
11 orams of product. It contains 3 molecules of water of crystallisa
tion and has similar properties to the preceding compound. 

Der ivat ive of Ci t raconic Acid.—Five grams of the acid in 40 c.c. of 
water are added to a cold solution of 20 grams of mercuric acetate in 
60 c.c. of water. When heated at 60° C. this mixture yields a micro-

1 Ley, Ber., 1900, 33, 1010; Biilmann, loc cit. 
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ciystalline precipitate, which is filtered wliilst hot. It is washed with 
very dilute acetic acid, water, and alcohol. Yield 8 grams. The follow
ing constitution has been assigned to it :— 

C H 3 - C ( O H ) - C 0 2 X AcO.Hg.C(CIY3)-
I /Her or I "•to 

^g-
It is insoluble in water or alcohol, but dissolves in acids. Ammonium 
sulphide precipitates mercuric sulphide from its alkaline solutions. 

DERIVATIVES OE CHAULMOOGMC ACID.1 

Anhydride of l iydroxymercur l -e thoxy-chaulmoogr ic acid.— 
To 1 mol. of mercuric acetate dissolved in 2000 c.c. of hot absolute 
alcohol and 400 c.c. of glacial acetic acid, and cooled to room temperature, 
1 mol. of chaulmoogric acid is added in small portions, with constant 
stirring, until a fairly clear solution is obtained. Afier twenty-four 
hours any sediment is filtered off and the filtrate allowed to stand in an 
ice-chest for three months. A total of 50 grams of crystals is thus 
obtained, and recrystallized from 95 per cent, alcohol. A mass of 
silvery, minute needles is formed, melting at 112° to 113° C, to a clear 
liquid. It is readily soluble in chloroform or glacial acetic acid, less so 
in hot alcohol, hot ethyl acetate, or hot acetone, and practically insoluble 
in cold solvents. Its constitution is represented b}7 formula I. 

Ethyl ace toxymercur i -e thoxy-chaulmoogra te (II.).—One mol. 
of freshly distilled ethyl chaulmoograte and 1-25 mols. of mercuric 
acetate are dissolved in 1000 c.c. of absolute alcohol and 100 c.c. of 
glacial acetic acid. The solution is tightly stoppered and allowed to 
stand for ten days in an ice-chest, then filtered, and the filtrate poured 
into a large volume of water. An oil is obtained, and if the water be 
separated off, the oil partially solidifies on standing. I t is filtered and 
the residue recrystailised from petroleum ether, then from absolute 
alcohol. Yield 15 grams. I t forms minute, colourless needles, JM.pt. 
67° to 68° C, stable in air, but decomposed by inorganic acids.2 

Kg—CH—CH(CH2)12CO—0 AcO.Hg—CH—CII(CII2UCO,Et. 
II I I " -

EtO.CH CH2 EtO.CH CH2 
\ / \ / 

CII2 CIIa 
I. II. 

1 German Patent, 245571; Dean, Wrenshall, and "Fujimoto,./. Amev. Ohem. Roc., 192.">, 
47, 403. 

2 The patent mentioned above (German Patent, 245571) also deals with the mercura-
tion of cyclohexenecarboxylic ester. 

The following German patents have also been taken out for aliphatic acid mercurials : 
Ibid,, 246207, behenolic acid esters, stearolio acid ester. Ibid., 2G4267, aryl hydroxy fatty 

ethyl diph«ry]amino-2-oarboxylate. 
The following deal with purine derivatives: KosenthaW- and Ahrlmami, Ucr D, ut 

pharm, Ges., 1923, 33* ISO ; German Patents, 282370, 2S2377. 

JM.pt
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CHAPTER VI. 

MERCURY (continued). 

AKOMATIC COMPOUNDS OF THE TYPES R2Hg ; R H g l l ' ; RHgX. 

ALL the compounds of the type R2Hg, with the exception of mercury 
dibenzyl, the bromo-, chloro, and nitrophcnyls, and thienyl derivatives, 
have been prepared by the amalgam method. The amalgams used are 
more concentrated than for the corresponding aikyls, and a higher 
temperature is required for the reaction ; the strength of amalgam in 
certain cases is as follows: Mercury diphenyl, 2*7 per cent. • mercury 
di-o-tolyl, 8 per cent. ; mercury di-m-tolyl, 3 per cent.; mercury di-
m-xylyl, 2 per cent. ; mercury dipseudocumyl, 1-5 per cent. ; mercury 
di-a-naphthyl, -1 per cent. The Grignard reagent has not been used so 
extensively in these preparations as with the aikyls, but it is the sole 
method of obtaining mercury dibenzyl, and has also been applied to 
the production of mercury diphenyl and dicyclohexyl. A recent 
method of preparation consists in treating phenylmercuric or halogen-
ated phenylmercuric halides with copper in pyridine solution, and in this 
way mercury diphenyl, di-p-chlorophenyl, di-p-bromophenyl, and di-o-
nitrophenyl have been isolated. Stannous chloride and sodium hydroxide 
in pyridine have also been used instead of copper in the case of the 
phenyl compound. I t has already been noted that ethyl hydrazine 
reacts with mercuric oxide to yield mercury diethyl, and phenyl hydra
zine in the same way yields mercury diphenyl. The halogens attack 
mercury diphenyl, giving PhHgHaL, but in the case of bromine or iodine 
the reaction proceeds a stage further if four atoms of halogen are used, 
as shown by the equations : 

R 2 Hg +2Hal . =RHgHal . + R H a l . 
RHgHal . +2Hal . = R H a l . +I IgHal . 2 

A similar series of reactions also occurs when mercury di-a-naphthyl 
is treated with iodine in carbon disulphide solution. 

Gaseous hydrogen chloride, bromide, or iodide decompose mercury 
diphenyl, whereas hydriodic acid forms phenylmercuric iodide. Con
centrated hydrochloric acid varies in its action towards these deri
vatives. Whilst mercury diphenyl, di-o-nitrophenyl, di-p-tolyl, di-a-
naphthyl, di-j8»naphthyl are decomposed when boiled with concentrated 
hydrochloric acid, mercury di-m-xylyl, dipseudocumyl, and bis-diphenyl 
remain unchanged. Concentrated nitric acid decomposes mercury 
diphenyl, di-p-tolyl, and di-a-naphthyl, di-j8-naphthyl9 and sulphuric 
acid gives similar results. When boiled with organic acids, mercury 
diphenyl forms salts of the type RHgX, and mercury di-a-naphthyl 
behaves m a similar manner towards glacial acetic acid, but when heated 

69 



70 ORGANOMETALLIC COMPOUNDS. 

in a sealed tube with the latter acid mercury dibcnzyl is decomposed. 
As far as investigations have gone, the following chlorides react with the 
type R2Hg to yield organometallie compounds : boron, indium, thallium, 
phosphorus, and arsenic trichlorides and silicon tetrachloride, likewise 
the metals magnesium, zinc, cadmium, aluminium, selenium, and 
tellurium. Mercury diphenyl reacts with mercuric chloride in acetone or 
alcoholic solution to give phenylmercuric chloride, but if mercurous 
chloride is used a temperature of 160° C. is necessary to effect the change. 
Mercuric halides or cyanides react with mercury dicyclohcxyl in any 
solvent to yield the type RHgX, and the halides give a similar result 
with mercury di-a-naphthyl. Bromine also splits off a naphthyl group 
from the latter compound. 

The foregoing reactions do not necessarily apply to R aIIg when R — 
thienyl, and these compounds come under a category of their own. All 
the compounds of this type are prepared from halidcmcrcurt thiophenes, 
the method of conversion depending on the position of the substituents 
in the thiophene ring. It was found that attempts to produce the iodide 
from 2-chloromereuri thiophene by the action of sodium iodide in acetone 
solution gave only small yields, but a considerable amount of mercury 
2 : 2'-dithienyl was formed at the same time. Investigation showed that 
this method of producing the type R2Hg is a general one, if the mercury 
residue be in the a-position, and in the case of 5-chloromcrcuri-2-benzyl-
thiophene the change is brought about by sodium thiocyanate in acetone 
solution. Di-substituted thiophenes containing methyl groups in the 
3 : 4 or 3 : 5 positions react in a similar manner, but if these- groups are 
in the 2 : 5 positions the conversion cannot be brought about by sodium 
iodide. 3-Chloromercuri-2 : 5-dimethylthiophene is transformed to 2 : 5 : 
2 ' : 5'-tetramcthyl-S : 3'-dithienyl by boiling it in xylene solution with 
metallic sodium, and the corresponding 2:5-diphcnylthiophenc under
goes a like change. The reactions of 2 : 5-dichloromercurithiophcnc are 
interesting and are illustrated in the scheme below. It will be seen that 
the change from RHgX to R2Hg may be also brought about by heat in 
this case. 

S 

H 
IHgAHgl 

ClHg^HgCl 
S 

S 
ClHg./NhLaCl 

m<<xi 

in C JLN 

ClHgl^—Hg~^/HgCl 
s s H 
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The dithienylenes, one of which is shown above, are non-crystalline 
insoluble powders, only decomposing at high temperatures. 

The type RIIgR' is much less stable than R2IIg, and in all cases these 
unsymmctrical compounds have been obtained by aid of the Grignard 
reagent. In order to obtain satisfactory yields, the Grignard reagent 
should not be used in large excess, and the temperature should be kept 
below 5° C. Mercury ethyl phenyl decomposes after standing for several 
months into mercury diethyl and mercury diphenyl, and a similar 
change takes place with mercury ethyl benzyl. At ordinary temperatures 
mercury phenyl benzyl is slowly transformed into mercury diphenyl and 
mercury dibenzyl, but at 80° C. the decomposition produces mercury, 
dibenzyl, and mercury dibenzyl. Mercury o-tolyl benzyl at 80° 0. 
yields mercury, dibenzyl, and mercury di-o-tolyl. All compounds of this 
type when treated witii alcoholic mercuric chloride split according to 
the equation : 

RI IgR ' +HgCl a =RHgCl +R'HgCl 

With alcoholic hydrogen chloride, one compound of the type RHgCl is 
always formed, and sometimes both radicles give chlorides, but no 
general rule can be formulated from the known compounds to cover 
all cases. 

Some methods of preparing derivatives of the type RHgX have 
already been dealt with in describing the reactions of the type R2Hg. 
In the case of benzene and toluene the mercuration may be carried out 
directly, using mercuric acetate. If the operation is performed in the 
presence of alcohol, benzene may be converted to phenylmercuric 
acetate at 100° C , but the process takes about fifty-five hours to obtain 
an 80 per cent, yield. When toluene is refluxed with mercuric acetate, 
ortho- and para- ring-substituted compounds arc produced. Another 
method is to treat the aryl sulphmic acids or their sodium salts with 
mercuric chloride, when the following reaction occurs :— 

R.S0 2 H +HgCl 2 =RHgCl + S 0 2 +HC1 

This reaction has been applied to phenyl and tolyl derivatives. The 
acid grouping of aryl boric acids may also be replaced by mercury, this 
affording one means of preparing phenyl, tolyl, and benzyl compounds. 

R B ( O I I ) a + H g C l a + H a 0 = R H g C l + H C l + H a B O 3 

The Grignard reagent has been employed in isolating the mercuric 
halides of the following radicles : phenyl, tolyl, benzyl, and naphthyl, 

RMgX +HgX2 -RHgX +MgXa 
If the compound R H g X be treated with a second molecule of 
Grignard reagent, the type R 2 Hg is produced. 

Triphenylstibine when heated with mercuric chloride yields phenyl
mercuric chloride, and tri-m-tolylstihine mercurichloride when boiled 
with alcohol is converted into m-'tolylmercuric chloride. 

Although thienyl compounds of the type RHgX react with potassium 
iodide in acetone to give the type R8Hg, this has only been noted in 
benzenoid derivatives in the case of p-tolylmercuric chloride, when a 
large excess of potassium iodide is used. With phenyl and a-naphthyl-
mercuric chlorides only the corresponding iodides are produced. The 
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iodides in the tolyl series are obtained by reiluxing the other halides 
with alcoholic potassium iodide, and pseudocumylmercuric iodide is 
only formed by heating the R2Hg derivative with an excess of alcoholic 
mercuric iodide in a sealed tube at 130° to 140° C. 

The nitrates of the phenyl, tolyl, and a-naphthyl compounds are 
formed by the action of oxides of nitrogen on the R2Hg derivatives 
as well as by alcoholic silver nitrate on the halides. 

In the case of halogen-substituted hydrocarbons the principal 
method used is the mercuration of the sulphuric acid, and not the hydro
carbon itself, whilst the method acts equally well with nitrobenzene. 
The nitrotoluenes when mercurated by mercuric oxide in the presence 
of sodium hydroxide yield compounds containing mercury in the side 
chain, but with mercuric acetate at 140° C, in the absence of a solvonl, 
the mercury enters the ring. If nitrotoluene siilphiaic acids are used 
as starting-points, the acid group is replaced by mercury by prolonged 
boiling with 50 per cent, aqueous alcoholic mercuric chloride. 

The sulphonic acids are mercurated directly by means of mercuric 
acetate in boiling aqueous solution in the presence of acetic acid. 

Thiophene is readily mercurated by mercuric chloride in the presence 
of sodium acetate, yielding mono- and di-mercurated products of the 
type RHgX, but not R2Hg. Mono-substituted thiophenes usually 
behave in a similar manner, and in the case of di-substitutcd thiophenes 
the position of the groups in the nucleus determines whether a di-
mercurated product is formed, although all yield monomercuri com
pounds. The bromides are obtainable from the chlorides by usin^ 
mercuric bromide in alcoholic solution, or from the corresponding 
dithienyls by treatment with mercuric bromide in acetone solution. 
Replacement of the mercuric bromide by sodium iodide (1 mol.) in 
acetone solution gives the iodides, the bromides RHgX being used instead 
of the chlorides'. 

COMPOUNDS OF THE TYPE R2*%* 

Mercury diphenyl, Ph2Hg, may be prepared in several ways, as 
follows :— 

1. From phenylmercuric acetate.1 I t Avas first noted by Dimroth 
that phenylmercuric acetate when treated with alkaline sodium stannitc 
gives mercury diphenyl, and this reaction has recently been worked up 
by Maynard and shown to be the best method of preparation yet 
discovered, the yield being approximately 96 per cent. A solution 
containing 50 grams of stannous chloride in 125 c.c, of water and 125 
c.c. of cold 40 per cent, sodium hydroxide is added with mechanical 
stirring to 30 grams of phenylmercuric acetate in 300 c.c. of water. 
After stirring for one hour, mercury and mercury diphenyl separate, 
the mass being filtered, washed, and dried. The mercury diphenyl is 
extracted from the residue by 150 c.c. of acetone, and the compound 
precipitated hy the addition of water. Yield 13-2 grams. The reaction 
may be represented by the equation 

2C 6H f iHgX+Na aSnO j S+2NaOH=(C 6HB ) a I Ig+Hg+2NaX+Na aSii0 3 

2. Two other phenyl mercuric compounds have also been mentioned 
1 Dimroth, £er., 1902, 3$, 2853; Maynard, J. Amer. Chem. b'oc, 1924, 46, 1510. 
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as yielding mercury diphenyl, (1) phenyhnercuric bromide, by prolonged 
boiling with potassium sulphide, 

2 P h l l g B r + K a S = 2 K l l r + H g S + P h 2 H j r 

and (2) phenylmercuric iodide, when treated with sodium amalgam in 
alcohol or benzene solution, 

2PhIIgI + H 9 = 2 H I + H g + P h 2 I i g l 

3. By the Grignard reaction.2 Twenty-live grams of bromobenzene 
and 3-1 grams of magnesium in dry ether are slowly treated with 13 
grams of mercuric chloride and the mixture boiled for one hour on the 
water-bath. The mass is then decomposed with dilute hydrochloric 
acid and the whole extracted with ether, the ethereal solution yielding 
about 7-5 grams of mercury diphenyl. Yield 44 per cent. Magnesium 
phenyl bromide witli phenyl mercuric chloride gives a 67 per cent, yield 
of mercury diphenyl. 

4. By the Fittig reaction.3 In this ease bromobenzene, mercuric 
chloride, and metallic sodium are allowed to react in dry benzene. After 
completion of the reaction the mercury diphenyl is obtained from the 
benzene solution. 

5. By the use of sodium amalgam.4 Equal volumes of bromo
benzene and xylene containing one-tenth by volume of ethyl acetate arc 
treated with an excess of 2-7 per cent, sodium amalgam and heated from 
120° to 140° C. for eight hours. The mercury diphenyl is obtained from 
the henzene-xylene solution in 46 per cent, yield. 

(>. From phenylmercuric sulphide, phenylmercuric thiocarbonatc, 
and phenylmercuric thiosulphate.5 

The above three compounds arc changed to mercury diphenyl by 
treatment with alcohol, benzene, and sodium thiosulphate respectively. 

7. From phenylarscnious oxide.6 Thirty-four grams of phenylar-
senious oxide in 800 c.c. of 2-Normal sodium hydroxide are stirred with 
54-2 grams of mercuric chloride in 500 c.c. of water, the temperature 
being maintained at 0° C. The temperature is then raised by heating 
on a water-bath until no further precipitate is formed, and afterwards 
the product is filtered, washed, and dried. The mercury diphenyl is 
removed from this residue by boiling with alcohol, from which the com
pound crystallises on cooling. 

8. From phenylhydrazine.7 Phenylhydrazine is heated with an 
excess of yellow mercuric oxide, when nitrogen is evolved, and aniline 
and mercury diphenyl formed. Ten grams of the base yield 4 grams of 
pure compound. A similar result is obtained when mercury acetamide 
replaces the oxide. 

9. By the action of copper on a pyridine solution of phenylmercuric 
bromide.8 

1 Drolicr and Otto, Annalen, 1870, 154, 93. 
3 Heiffcr and Truskier, Ber.9 1904, 37, 1125. 
3 Miohaolis and Beesc, Ber., 1882, 15, 2877. 
4 Dreher and Otto, he, cti. ; Ber.t 1869, 2, 542 ; Laden burg, Amialen, 1874, 173, 151 ; 

Michaelis, Annalen, 1876, 181, 290 ; Aronheim, Annalen, 1878, 194, 148. 
5 Pesci, Gazzelta, 1899, 29, (L), 394. 
6 German Patent, 272289. 
7 Forster, Trans. Chem. Soc, 1898, 73, 783 ; 'Fischer and Khrharcl, Annalen, 1879, 

199. 332. 
8 Hein, Wagler, and Ketter, Bcr., 1925, 58, [B], 1505. 
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10. From the compound produced by the action of ammonia on 
phenyl mercuric acetate.x 

The compound (CeII5Hg)2NH2OAc reacts with carbon bisulphide in 
alcoholic solution according to the equation : 

( C 6 H 5 H g ) 2 N H 2 . C 2 H 3 0 2 + C S 2 ^ ( C 6 H 5 ) J l g + H g S + C 2 H p 2 + C N S H 

Similar results are obtained if the carbon bisulphide is replaced by 
diphenyl- or p-ditolylthiocarbamides. 

11. The production of mercury diphenyl was noticed when bromo
benzene, chloroformic ester, and sodium amalgam interact in the pro
duction of esters of benzoic acid.2 

12.3 A solution of 6-2 grams of phenylmercuric chloride in 40 c.c. 
of pyridine is treated with 2-5 grams of stannous chloride in 5 c.c. of 
water and sufficient 30 per cent, sodium hydroxide to give solution. 
The mixture is filtered after several hours. Yield 3-1 grams, 90 per 
cent. 

Mercury diphenyl crystallises in small, felted needles, M.pt. 124-5° C , 
B.pt. 204° C. at 10-5 "mm. The melting-point as given by various 
investigators ranges between 120° to 126° C, and the variation is no doubt 
due to the presence of small quantities of diphenyl, which is always 
formed at the same time. The crystals turn yellow when exposed to 
light, are soluble in chloroform, benzene, ether, or alcohol, and insoluble 
in water. Its density varies between 2-29 and 2-34. No absorption 
bands are shown by chloroform solutions of mercury diphenyl at any 
dilution.4 

The reactions of mercury diphenyl are summarised in the following 
table :— 

REACTIONS OF MERCURY DIPHENYL. 

Reacting Sub
stance. 

Chlorine. 

Bromine or 
iodine. 

Bromine or 
iodine. 

Free thiocyano-
gen, (SCN)2. 

Hydrogen chlor
ide, bromide, 
or iodide. 

Conditions of 
Reaction. 

Dry gas. 

Two atoms of 
halogen in al
cohol or CS2. 

Four atoms of 
halogen. 

Ether solution. 

Resulting Products. 

Phenylmercuric chloride, 
chlorobenzene, mercurous 
chloride. 

Phenylmercuric bromide or 
iodide, bromo- or iodo
benzene. 

Phenyl haloid, mercuric 
salt. 

Phenylmercuric thiocyanate. 

Benzene, mercuric salt. 

REFERENCES. 

Drelier and Otto, An-nahn, 1870, 
I54> 93. 

do. 

do. 

Stiderback, Aimalen, 1919, 419, 
266. 

Dreher and Otto, he. cit. 

1 Pesei, Gazzeita, 1909, 39, (i-)» 147-
2 Wurtz, Gompt. rend., 1869, 68, 1298. 
3 Steinkopf, Bielenberg, and Jensen, Annalen, 1923, 430, 71. 
4 Purvis and M'Cleland, Trans. Ghem. Soc, 1912, ioi , 1514. 
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-continued. 

Reacting Sub
stance. 

Cone, hydriodic 
acid. 

Fuming nitric 
acid. 

(ilacial acetic 
acid. 

Formic, propi
onic, or myris-
tio acids. 

Hypochlorous 
acid. 

Mercuric chlor
ide. 

Mercurous chlor
ide. 

Mercuric cyanide 
or thiocyanate. 

.Mercuric acetate. 

Mercuric oxide. 

Oxides of nitro
gen :— 

N 20 3 . 

K204. 

N-Bromoacet-
amide. 

N-Bromobenz-
amide. 

in-Nitro-N-broino-
benzamide. 

Do. o- and p-nitro 
compounds. 

Sulphur. 

Conditions of 
He action. 

Boil. 

Boil. 

Resulting Products. 

Acetone or alco
hol solution. 

In alcohol at 
160° C. 

Alcoholic solution 
at 120°. 

(1) Alcoholic sol
ution at 
120° C. for 
1 hour. 

(2) Without a 
solvent at 
150° C , 
and excess 
of acetate. 

Scaled tube at 
180° G. 

Dry benzene solu
tion. 

do. 

do. 

do. 

Alcoholic solu
tion at 140° C. 

Phenylmercurie iodide. 

Carbon, benzene, nitroben
zene, mercuric nitrate. 

Phenylmercurie acetate, 
benzene. 

Phenylmercurie salts, ben
zene. 

Same results as chlorine. 

Phenylmercurie chloride. 

Phenylmercurie chloride, 
metallic mercury. 

Phenylmercurie salts. 

Phenylmercurie acetate. 

1-4-Diacetoxymercuri ben
zene, 1-2-4-lriaoctoxy-and 

l-2-4*o-tetra-acetoxymcrcuri 
benzenes. 

Phenylmercurie oxide. 

Phenylmercurie nitrate, ben
zene diazonium nitrate. 

Phenylmercurie nitrate, 
nitroso benzene. 

Phenylmercurie bromide, 
methyl isocyanate. 

Phenylmercurie bromide. 

m-Nitrocarbanilide. 

Diphenylsulphide, mercuric 
sulphide. 

R-EJj'JiRENCEd. 

Dreher and Otto, toe. cit. 

Dreher and Otto, Bei\, 1869, 2, 
542; Otto, ./. prakt. Cfaem., 
1870, [2), I, 179. 

Otto, he. cit. ; Dreher and Otto, 
Annalen, 1870, 154, 93. 

Dreher and Otto, be. cit. 

do. 

Steinkopf, Ainuden, 1917, 413, 
310 ; Otto, be. cit. 

Otto, loc. cit. 

do. 

do. 

Pesci, Aiti. li. Accad. Lutcei, 
(5), 8, i, 130; Chew. Zentr., 
1899, i. 734. 

Otto, loc. cit. 

Bamberger, Her., 1897, 30, 506. 

Kharasch, J. Amer. Chcm. Soc, 
1921, 43. 1888. 

Dreher and Otto, Ber., 1869, 2, 
542. 
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Reactions of Mercury Diphenyl—continued. 

Keacting Sub
stance. 

Thionyl chloride. 

Benzene sulphon
ic chloride. 

Toluene sulphon
ic chloride (p), 

8ulphur trioxide. 

Allyl iodide. 

Ethylene di-
bromide. 

Benzal chloride. 

Phenyl iodo di-
chloride. 

Lithium, sodium, 
potassium. 

Copper. 

Magnesium. 

Zinc. 

Cadmiu in. 

Boron trichlor
ide. 

Phenyl boron 
chloride. 

Aluminium. 

Indium trichlor
ide. 

Thallic chloride. 

Conditions of 
Reaction. 

Heat. 

Benzene solution 
at 160° C. 

Benzene solu
tion at 120° C. 

At 150" C. 

Aqueous solu
tion. 

.Resulting Products. 

Boil for two 
minutes in hy
drogen atmo
sphere. 

In hydrogen 
atmosphere. 

At 180°~200° (J. 
for several 
hours. 

At 30O°-320° C 
for 24 hours. 

At 140° 0. for 
10-15 seconds 
in hydrogen or 
nitrogen atmo
sphere. 

Ether or benzene 
solution. 

Phenylmercuric chloride. 

Phenylmercuric chloride, di
phenyl sulphone. 

p-Tolylmercuric chloride, 
phenyl-tolyl sulphone. 

Mercury benzene sulphon-
ate. 

Phenylmercuric iodide, cli-
allyl, diphenyl. 

Dibenzyl, mercuric bromide. 

Phenylmercuric chloride, tri
phenylmethane. 

Phenylmercuric chloride, di
phenyl iodonium chloride. 

Mercury, dipheii}-!. 

Magnesium diphenyl. 

Zinc diphenyl. 

Cadmium diphenyl. 

Phenyl boron chloride, mer
curic chloride. 

Diphenyl boron chloride. 

Aluminium triphcnyl, mer
cury, aluminium amal
gam. 

Indium diphenyl chloride. 

Thallium diphenyl chloridt', 
phenylmercurio chloride. 

liDtfJ'JHiiJfOES. 

Heumami and Ivochlin, llrr 
1883, x6, 1(525. 

Otto, Iter., 1885, IQ, 210. 

Otto, J. pntkt. Chew., 1K70, ] 
[2], 170. 

Simla, Monuts/t., 1880, 1, 715. 

Drchor and Otto, lor. cit. 

Kekule and Pranrhimont, Ihr. 
1872, 5, 9l)b. 

Willgorudl, Jkr., 1898, 31, 915. 

Divhoram! Otto, lor, cit. 

Hilpcrtand Onittner, Hn\, MJJK 
46. U)75 ; Fleck, Anuttlai 
189:5, 276, KIN. 

Hilpert and (Jrutlncr, lor. cit. 
Drchor and Otto, (or. cil. 

Hilpert and (Jrutlner, lot:, oil. 

Michaolis, Her , 1889, 22, 241. 

Michaclis, Brr., 1891, 27, 244. 

Hilpcrtand OniUner, tier., 1912 
45, 282S. 

(Joddard and Ooddard, unpub 
lishecl. 

Coddard, Trans. C/witt. Mor. 
1922, I2i , 40. 
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etayl—eoniinued. 

Hearting Sub-
stance. 

Ziiconium tetra
chloride. 

Silicon tetra
chloride. 

Stannic chloride. 

Pliusphurus tri-
< hloride. 

Arsenic, trichlor
ide (2 mols.). 

Arsenic trichlor
ide (1 mol.). 

Phenyl diehloro-
arsine (1 mol.). 

Phenyl dichloro-
arsine (2 moR) 

Antimony tri
chloride. 

Bismuth. 

Bismuth tri-
bromide. 

Selenium. 

Tellurium. 

Tellurium di-
t'hloride. 

Acetyl chloride. 

Benzoyl chloride. 

ftthyl ehlorn-
iorxnate. 

Vnditions of 
Reaction. 

Aqueous solu
tion. 

At 300° C. 

Hurt at 180° C. 

Ko.it at 250° C. 

Heat at 2lOn V. 
±oi several 
hours. 

Xylene solution 
"at 130° 0. 

Heat for 10 min
utes at 250° C. 
in hydrogen 
atmospheie. 

Dry ether solu
tion. 

Resulting "Products. 

With or without 
Ixmzene. 

do. 

do. 

Zi-OOlg, 2PhHgCl, benzene. 

Phenylmercuric chloride, 
phenyl silicon trichloride. 

Phenylmercuric chloride, tin 
diphenyl diehloride. 

Phenylmercuric chloride, 
phosphenyl chloride. 

Phenyl dichloro-arsine, mer
curic chloride. 

Diphenyl chloro-arsinc, mer
curic chloride. 

Diphenyl chloro-arsine. 

Diphenyl chloro-arsine, mer
curic chloride. 

Triphenylstibine diehloride, 
Diphenylstibine trichloride. 

Triphenylbismuthine. 

Triphenylbismuthinc. 

Selenium diphenyl, selenium 
amalgam. 

Tellurium diphenyl, tel
lurium amalgam. 

Ohlorobenzene, tellurium 
amalgam. 

Phenylmercuric chloride, 
acetophenone. 

Phenylmercuric chloride, 
benzophenone. 

Phenylmercuric chloride, 
benzophenone. 

TIUL^KENCRS, 

Peters, Ber., 1908, 41, 3173 : see 
Annahn, 1894, 282, 320. 

Ladenbnrg. Antialen, 1874, 173, 
152. 

Aronheim, Amiafon, 1878, 194, 
148. 

Schwaize, J. prakt. Ghem., 1874, 
10, (2), 222; Michaelis and 
(haetf, Ber., 1875, 8, 922; 
Michaelis, Annalen, 1876, 1S1, 
290-

La Coste «md Michaelis, A nvalen, 
1880, £01, 195. 

Michaelis and Link, A nnalen, 
1881, 207, 195. 

do. 

Hasenbaumer, Ber., 1898, 31, 
2911. 

Hilpert and Uriittner, Ber., 1913, 
46, 1675. 

Challenger and Allprcsb, Trans. 
Ghem. fioc, 1921, 119, 913. 

Krarftand Lyons, Ber., 1894, 27, 
1708/ 

do. 

do. 

Calvery, ./. Amer. Ghem. Soc, 
1926, 48, 1009. 

do. 

do. 

Ko.it
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M e r c u r y 2 : 4 : 6 : 2' : 4' : 6 ' - h e x a n i t r o d i p h e n y l , M.pt. 272° C., is 
formed when mercuric 2 : 4 : 6-trinitrobenzoate is heated to 180° C. 
When heated Mith alcoholic mercuric chloride it is converted into 2: 1: 6-
triidtropheny!mercuric chloride.1 

P h e n y l m e r c u r y 2 :4 : 6 - t r i n i t r o p h e n y l , M . p t . 227-5° C , is obtained 
by heating phenylmercuric trinilroben/.oate in a vacuum at 222° C. I t 
is decomposed by hydrogen chloride, yielding benzene and 2 : 4 ; 0-
trinitrophenylmercuric chloride.2 

M e r c u r y d i -p -ch lo ropheny l . 3 —Five grams of p-ehlorophenyl-
mercuric chloride, 6-5 grams of copper and 35 e.c. of pyridine are 
allowed to stand for a day, then the mixture is saturated with carbon 
dioxide. An 81 per cent, yield, or 2-5 grams, of the mercury compound 
is obtained. I t crystallises from hot acetone in Avhite needles, M.pt. 
242° to 243° C , readily soluble in pyridine, less soluble in warm chloro
form or ether. 

M e r c u r y d i - p - b r o m o p h e n y l forms white needles, M.pt. 214° to 
245° C , obtained in 92 per cent, yield. It is very soluble in pyridine, 
sparingly in cold acetone or ether. 

M e r c u r y d i -o~ni t rophenyl occurs in pale yellow needles, M.pt. 
206° to 207° C , easily soluble in pyridine, hot acetone, and carbon 
disulphide, sparingly in carbon tetrachloride. Yield 02 per cent. 
When boiled with concentrated hydrochloric acid nitrobenzene is 
split off. 

Tolyl C o m p o u n d s . 

M e r c u r y d i -o- to ly l may be prepared by the sodium amalgam 
method (see mercury diphenyl, Method 5). In this ease 8 per cent, 
amalgam is used, and the yield is about 33 per cent.4 The compound 
forms quadratic crystals from benzene, M.pt. 108° C. ; B.pt. 219° C. at 
14 mm. The reactions of niercury di-o-tolyl with the trichlorides of 
boron, phosphorus, and arsenic, also with nitrogen tri- and tetr-oxides, 
are similar to those described under mercury diphenyl (p. 74). 

M e r c u r y d i - m - t o l y l is prepared from m-bromotoluene using 30 per 
cent, sodium amalgam. From ethyl acetate it forms colourless needles, 
M.pt. 102° C, soluble in benzene, chloroform, or acetone, less soluble in 
alcohol or ether. Heated with phosphorus trichloride for twelve hours 
at 200° C. it yields m-tolyldichlorophosphine. 

M e r c u r y d i -p - to ly l is best prepared according to the description of 
Whitmore as follows :5 Forty grams of pure p-tolylmercuric chloride, 
70 grams of sodium iodide (75 per cent, excess), 300 c.c. of 95 per cent, 
alcohol, are boiled for fifteen hours, the whole being vigorously stirred. 
After cooling and filtering the precipitate is washed with water 'until the 
washings no longer react with hydrogen sulphide. The product may 
be further purified if necessary by recrystallisation from xylene. Yield 

1 Kharasch, J. Amer. Chem. Soc, 1921, 43, 2238. 
2 Kharasch and Graffiin, J. Amer. Chem. Soc, 1925, 47, 1948. 
3 Hein, Wagler, and Better, Ber., 1925, 58, 1499. 
4 Michaelis, Ber., 1895, 28, 589; Annalen, 1896, 293, 303. 
5 Whitmore, Hamilton, and Thurman, J. Amer. Gkem. Soc, 1923, 4q, 1060 - Peters 

Ber., 1905, 38, 2567. 
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of pure product, 80 per cent. The reaction takes places according to the 
equation : 

2RHgCl + 4 N a I = R 2 H g +2NaCl +Na 2 HgI 4 

The compound may also be prepared from p-bromotoluene and 
sodium amalgam.1 

The pure compound crystallises in needles, M.pt. 238° C , which are 
soluble in benzene, xylene, or chloroform, less soluble in alcohol, and 
insoluble in M-ater. Mercury di-p-tolyl gives the same type of products 
as mercury diphenyl (see table, p. 74) when it reacts with halogens, 
halogen acids, mercuric chloride, boron or arsenic trichlorides, phos
phorus trichloride,'-1 silicon tetrachloride, nitrogen tri- and tetr-oxides,3 

sulphur, selenium, and tellurium.4 

Treatment with concentrated nitric acid does not yield the hydro
carbon as with mercury diphenyl, but nitrotoluenes, and alkaline perman
ganate yields the to!ylmercuric hydroxide, the presence of the latter 
being shown by changing it to the chloride. p-Toluene sulphonic iodide 
boiled with mercury di-p-tolyl in carbon tetrachloride solution yields 
tolylmcreuric iodide, mercuric iodide, and tolyl sulphone, whilst the 
corresponding sulphonic chloride does not react under the same con
ditions.5 fSee p. 76.) 

p-Tolylmercury 2 : 4 : 6-trinitrophenyl, M.pt. 203° C.; is prepared 
in a similar manner to the phenyl compound from p-tolylmereuric 
trinitroben/oate.6 

Benzyl Compounds. 

The production of mercury dibenzyl appears to have been a matter of 
considerable diflicul ty .7 Attempts to prepare it by the amalgam method 
failed, and the first successful preparation was made by use of Grignard's 
reaction. 

Pope and Gibson 8 prepared mercury dibenzyl by the interaction of 
benzyl magnesium chloride and mercuric chloride in dry ether. This 
method was improved by Wolff,9 and Jones and Werner,10 the latter 
investigators obtaining a greatly increased yield by substituting benzyl-
mercuric chloride for mercuric chloride; 3-8 grams of magnesium, 20 
grams of benzyl chloride, and 35 grams of benzyl mercuric chloride, 
giving 40 grams of mercury dibenzyl. Another method has recently 
been described in which benzyl chloride is treated with an excess of 
magnesium dust, the liquid decanted off and mercuric chloride added to 
the solution. This mixture is boiled and shaken, then treated with 
dilute acetic acid and extracted with ether, from which the product 
crystallises.11 

1 Ladcnburg, Annalen, 1874, 173, 1C2 ; Zeiscr, Ber., 1895, 28, 1070. 
2 Michaelis, Annalen, 1896, 293, 292. 
3 Kunz, Ber., 1898, 31, 1528. 
4 Zeiser, Ber., 1895, 28, 1070. 
5 WMtmore and Thurnian, J. Amer. Chem. Soc, 1923, 45, 1068. 
6 Kharasoh and Qrafflin, J. Amer. Chem. Soc, 1925, 47, 1948. 
7 Campisi, Gompt. rend., 1865, 61, 861 ; Wurtz, Compt. rend., 1869, 68, 1300; Drelier 

and Otto, Annalen, 1870, 154, 176. 
8 Pope and Gibson, Trans. Chem. Soc, 1912, 101, 735. 
9 Wolff, Ber., 1913, 46, 64. 

10 Jones and Werner, J. Amer, Chem. Soc, 1918, 40, 1257. 
11 Banus, Anal Fis. Quim., 1922, 20, 667. 
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Mercury dibenzyl may also be obtained in 75 per cent, yield by the 
action of copper on a pyridine solution of benzyhuercurie chloride in the 
absence of air.1 

Mercury dibenzyl crystallises in thin, lustrous, doubly refracting 
plates, readily soluble in chloroform or carbon tetrachloride, less soluble 
in benzene, ethyl acetate, or alcohol, and insoluble in ether or light 
petroleum. It is not decomposed when boiled with water, and gives no 
absorption bands.2 When heated with glacial acetic acid in a sealed tube 
for seven hours at 160° to 170° C. it yields mercury, toluene, benzyl 
acetate, and dibenzyl.3 

Mercury 2 : 4 : 2 ' : ^-tetranitrodibenzyl, (C6H3(N02)2.CII2)2IIg, 
is obtained by heating mercuric 2-4-dinitrophcnylacetatc to 180° C. 
I t melts at 235° C, and when heated in the dry state yields tctranitrodi-
bonzyl.4 

Xylyl Compounds. 

Mercury di-o-xyly! crystallises in long needles, M.pt. 150° ('., 
easily soluble in benzene, chloroform, or carbon disulphide, less soluble 
in ether or alcohol. It has never been prepared by any direct means, 
but was isolated as a by-product by the interaction of mouobromo-o-
xylol, CH3 : CH3 : Br = l : 2 : 4>, sodium amalgam, and chloroformic 
ester.5 

Mercury di-m-xylyl is prepared by the addition o[ 150 grams of 
1-3'4-bromoxylene to 2 per cent, sodium amalgam and the mixture then 
heated for twelve hours at 140° to 150° C. The compound crystallises 
in fine needles, M.pt. 169° to 170° C difficultly soluble in alcohol or cold 
ether, readily soluble in hot benzene. It is decomposed by hot hydro
chloric acid into the hydrocarbon and mercuric chloride. Heated" wit I I 
phosphorous trichloride at 230° C. it yields m-xylylmercurie chloride and 
m-xylyldichlorophosphine, whilst arsenic trichloride gives m-xylyl-
dichloro-arsine..6 

Mercury di-p-xylyl is formed under similar conditions to the ortho-
compound. It crystallises in prisms, M.pt. 123° C, and undergoes I ho 
same reactions as the meta derivative. 

Higher Benzene Homologues. 

Mercury dimesityl forms glistening silver needles, M.pt. 230° C , 
fairly soluble in benzene, less soluble in alcohol. Yield small.7 

Mercury dipseudocumyl occurs as white prisms, M.pt. 189° (!., 
and is less soluble in alcohol than the mesityl compound and not de
composed on prolonged heating with concentrated hydrochloric acid. 
I t may be prepared in the usual way, using 1-5 per cent, amalgam.8 

Mercury dipentamethylphenyl, (C6Mc5)2Hg5 has been isolated 
from the interaction of sodium amalgam, bromopentamethyl benzene, 
and chloroformic ester, as small prisms, M.pt. 266° C. I t distils at higher 

1 Hein, Wagler, and Better, Ber., 1925, 58, [B], 1507. 
2 Purvis and M'Cleland, Trans. Chem. Soc, 1912, 101, 1514. 
3 Jones and Werner, J. Amer. Cham. Soc, 1918, 40, 1257. 
4 Kharasch, J. Amer. Chem. Soc, 1921, 43, 2238. 
5 Jacobson, Ber,, 1884, 17, 2372. 
6 Weller, Ber., 1887, 20, 1718 ; Michaelis, An mien t 1902, 320, 330 
7 Michaelis, Ber., 1895, 28, 58S. 
8 Michaelis, ibid. 
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temperatures with partial decomposition and is easily soluble in hot 
xylene, less soluble in ether, and insoluble in alcohol.1 

M e r c u r y d ieumyl yields white needles, M.pt. 134° C, soluble in 
alcohol, ether, chloroform, benzene, or xylene. It has a characteristic 
smell and is easily decomposed when heated with hydrochloric acid/2 

Gyclohexyl Compounds . 3 

M e r c u r y dicyciohexyl.—This compound proved more difficult to 
isolate than the phenyl derivative, but has been obtained by the action of 
mercuric bromide on a large excess of magnesium cyclohexyl bromide. 
I t is much less stable than mercury diphenyl, decomposing- even in a few 
hours to a black oil when kept over phosphorus pentoxide in the dark in 
a vacuum desiccator. Mercury dicyciohexyl forms white, hard granules, 
M.pt. 78° to 79° C, which are more soluble than mercury diphenyl, and 
combines directfy with mercuric halides or cyanide in any solvent 
to form cyclohexylmercuric salts. I t has also been prepared by the 
sodium amalgam method, when it is said to form white needles, M.pt. 
189° C, which can be sublimed in small quantities in vacuo.* 

M e r c u r y d i -4-methy lcyc lohexyl is a colourless liquid, density 
1-450 at 21° C, and cannot be distilled without decomposition. 

Diphenyl Derivat ives . 5 

M e r c u r y b i s -d iphenyl , (C6H5.CeH4)2Hg.—Treatment of m-bromo-
diphenyl with sodium amalgam in the usual way gives a yield of 10 per 
cent, of the above product. I t crystallises from benzene in small scales, 
which melt at about 216° C. and are almost insoluble in the usual 
solvents. Concentrated hydrochloric acid on prolonged boiling does not 
decompose the compound, and its halogen derivatives are only formed 
when it is heated in sealed tubes with mercuric halides. They are white 
crystalline powders, melting above 325° C. 

* D i m e r c u r y bis-diphenyl.—Hg(C6H4—C6H4) aHg is the formula 
given to a body obtained when the above bromodiphenyl is replaced 
by dibromodiphenyl. Its composition appears to be doubtful. 

Naph thy l Der ivat ives . 

Mercurydi-a-naphthyl , (C1 0H7)2Hg.6—Bromonaphthaleneis mixed 
with several times its volume of hydrocarbons, B.pt. 120° to 140° C, one-
tenth of its volume of ethyl acetate, and the whole treated with a slight 
excess of 4 per cent, sodium amalgam. After boiling for eighteen hours 
the mixture is filtered hot, mercury dinaphthyl appearing in white, 
glistening, microscopic, rhombic columns on cooling. It has been more 
recently prepared by treating a-naphthylmercuric bromide in pyridine 
solution with copper.7 The crystals, which melt at 243° C , are easily 
soluble in hot carbon bisulphide or chloroform, and may be reprecipi-

1 Jacobson, Bar., 1889, 22, 1215. 
2 Michaelis, tier., 1895, 28, 588; Schiff, ibid., 1877, 10, 1745. 
a Griittner, Ber., 1914, 47, 1651. 
4 Tiffeneau and GannagtS, Ball. Set. Pharmacol., 1921, 28, 7. 
5 Michaelis, Ber., 1895, 28, 592. 
6 Otto and Mories, Annahn, 1868, 147, 164 ; Otto, Annalen, 1870, 154. 188. 
7 Hein, Wagler, and Better, Ber.. 1925, 58, [B], 1507. 
VOL. X I . : I . 6 
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ta ted by alcohol or ether, also slightly soluble in benzene, insoluble in 
water. 

When heated with concentrated halogen acids, naphthalene, mercury, 
and halogen halides are formed, but 15 per cent, aqueous hydrocyanic 
acid has no effect, even on prolonged heating. Dilute nitric acid decom. 
poses mercury di-a-naphthyl, forming naphthalene, and fuming nitric acid 
gives nitronaphthalenes. Concentrated sulphuric acid yields mercuric 
sulphate and naphthalene sulphonic acid, whilst glacial acetic acid gives 
a-naphthylmercuric acetate and naphthalene. A solution of mercury di-a-
naphthyl in acetone when boiled with mercuric chloride is converted 
to a-naphthylmercuric chloride.3 Mercuric iodide when heated for one 
hour with mercury di-a-naphthyl in a sealed tube at 150° C. in alcoholic 
solution gives a-naphthylmercuric iodide. Mercuric bromide acts in a 
similar manner to the chloride when the reaction is carried out in alcohol 
in a sealed tube at 120° to 130° C , and bromine also gives naphthyl 
mercuric bromide under the same conditions. Iodine in carbon bisul
phide yields the corresponding iodide, provided the halogen is not in 
excess, in the latter case the products are mercuric iodide and a-iodo-
naphthalene. Arsenic trichloride reacts to form a-naphthyldichloro-
arsine at high temperatures.2 Nitrogen trioxide yields a-naphthyl 
mercuric ni trate and a-naphthyl diazonium nitrate, but nitrogen te t r -
oxide yields no nitrate or diazonium compound. The following sub
stances gave no product with mercury di-a-naphthyl: zinc, copper, or 
tin, the reaction being carried out in carbon disulphide ; ethyl iodide : 
alcoholic hydrogen sulphide ; sodium amalgam, the reaction being con
ducted in alcoholic solution. 

Mercury di-/3-naphthyl.3—/3-BromonaphthaIene in about three 
times its weight of dry xylene is treated with 5 per cent, of its weight of 
pure ethyl acetate and a large excess of pasty sodium amalgam. The 
mixture is gently boiled for thirty hours, cooled, and a large excess of 
benzene added. After again boiling, the whole is filtered, when 
mercury di-/3-naphthyl crystallises out in glittering scales, M.pt. 238° C. 
Yield 30 to 35 per cent. The crystals arc moderately soluble in boiling-
hydrocarbons, very slightly soluble in alcohol and ether, and insoluble 
in water. The compound is completely decomposed when warmed 
with concentrated mineral acids, forming mercuric salts and substi tuted 
naphthalenes. When distilled over soda lime it yields /3/3-dinaphthyl. 
When boiled for one hour with seven parts of arsenious chloride it gives 
/?-naphthylarsenious chloride.4 

Thiophene Compounds . 

Mercury 2 : 2'-dithienyl,5 

s s 
This derivative has been prepared in several ways. 

1 Steinkopf, Annakn, 1917, 413, 310. 
2 Kelbe, Ber., 1878, 11, 1503 ; Miehaelis and Schultze, ibid., 1882 15 1954 
! JS0?8*?8 ' Ber-' 1 8 9 4 ' 2 7 ' 244>" Cutaway, Trans. Chcm. Soc, 1894, 6s, 877 
4 Miehaelis, Annakn, 1902, 320, 342. 
5 Steinkopf and Bauermeister, Annakn, 1914, 403, 61. 
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1. Ten grams of 2-chloromcrcuri thiophene (p. 07) in 150 c.c. of hot 

xylene are treated with 2 grams of sodium and shaken for thirty minutes, 
then heated to boiling and filtered. From the filtrate 2-8 grams of 
mercury dithieuyl are obtained on cooling. 

2. When 2-chloromercuri thiophene or iodide in acetone is treated 
with sodium iodide in the same solvent mercury dithieuyl results.1 

3. Mercury dithieuyl may also be obtained in 90 per cent, yield by 
the reduction of 2-chloromercuri thiophene in pyridine-sodium hydroxide 
solution by means of stannous chloride.2 

Mercury 2 : 2'-dithienyl crystallises from benzene in pure white 
crystals, M.pt. 198° to 199° €., insoluble in water, slightly soluble in hot 
alcohol, readily soluble in benzene or warm chloroform. When its 
acetone solution is treated with mercuric halides the corresponding 
2-halidemercuri thiophencs are obtained. It reacts readily with arsenic 
trichloride, yielding trithicnylarsinc, dithienylchloroarsine, and thienyl-
diehloroarsine. 

Mercury 5 : 5'-dichloro-2 : 2'-dithienyl, 

C l ^ - H g - J ^ C l . 
S 8 

is formed when an acetone solution of sodium iodide is added to 
2-chloromercuri 5-iodothiophene in the same solvent. It crystallises 
from alcohol in glistening silver crystals, M.pt. 155° C, soluble in acetone 
or ethyl acetate, in warm benzene or chloroform, and with difficulty in 
ligroin. 

The corresponding 5 : 5f-dibromo-compound forms white, matted 
crystals from benzene, M.pt. 183° C. I t readily dissolves in warm 
benzene or chloroform, but is not very soluble in alcohol. 

The 5 : 5'~di~iodo-derivative crystallises from a large bulk of hot 
xylene, in bright yellow needles, 244° to 245° C, only slightly soluble in 
the usual solvents. 

Mercury 5 : 5'-dimethyl-2 : 2'-dithienyl crystallises from alcohol 
in white needles, melting at 162° to 102-5° C.3 

Mercury 5 :5'-di-n-propyI-2 : 2' -dithienyl yields silvery crystals, 
melting at 57° to 58° C. I t is formed from 5-chloromercnri-2-n-propyl-
thiophene by the action of a little more than 2 molecules of sodium 
iodide in acetone solution. The corresponding di-isoamyl compound 
forms shining crystals from alcohol, melting, not very sharply, at 55° to 
57° C. 

Mercury 5 : 5'~dibenzyl-2 : 2'-dithienyl.—Four grams of 5-
chloromercuri-2-benzylthiophene in 250 c.c. of acetone are mixed with 
1-7 grams (2 mols.—1-02 grams) of sodium thiocyanate in 30 c.c. of 
acetone. The addition of sodium chloride solution precipitates the 
body (2-3 grams). I t is digested with water, dried, and recrystallised 
from xylene. I t melts at 209° to 210° C, previously sintering ; is easily 
soluble in hot toluene, xylene, or pyridine, sparingly in warm benzene 
and insoluble in alcohol, acetone, or ethyl acetate. 

1 Steinkopf, Annalen, 1917, 413, 310. 
2 Steinkopf, ibid., 1923, 430, 71. 
s Steinkopf,}-^., 1921, 424, 40. 
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Mercury 3 : 4 : 3 ' : 4 ' - te t ramethyl -2 : 2'-dithienyl, 

He, ,Mo Me, .Ale 

S 8 

is obtained from 2-iodomcrcuri-3: 4-dimethylthiophene in the usual way. 
I t melts at 155° to 156° C. and has similar solubilities to the above 
compounds. 

Mercury 3 : 5 : 3 ' : 5 /-tetramethyl-2 : 2 /-dithienyl crystallises 
from alcohol in silvery plates, M.pt. 160° to 161° C. 

Mercury 2 : 5 : 2 ' : 5'-tetramethyl~3 : 3'-dithienyl, 

-Hg-

MeL jMe 

S 

Me 
S 

!Me 

In order to prepare this derivative, sodium is added to a boiling solution 
of 3-chloromercuri-2:5-dimethylthiophene in xylene and the solution 
filtered wliilst hot. The product obtained on cooling is fractionally 
crystallised from benzene to remove any unchanged starting product. 
The dithienyl melts at 144° to 145° C. 

Mercury 2 : 5 : 2 ' : 5'-tetraphenyl-3 : 3'-dithienyl is deposited 
in prismatic needles from xylene, M.pt. 260° to 2G1° C. 

Mercury-5 : 5 /-dichloromercuri-2 : 2'-dithienyl,1 

OlHg1 

s 
-Hg-

r 
j 

s 
HgCl 

may be prepared as follows :— 
Ten grams of 2 : 5-dichloromercuri thiophene in 50 grams of pyridine 

are heated in an oil-bath. At 70° to 75° C. a fbcculent precipitate 
separates out, and the temperature is raised to 100° C. and maintained 
for thirty minutes. The product is not quite white, is insoluble in 
pyridine and the usual solvents, and remains unmelted at 325° C. 

A second method of preparation consists in suspending dimercury 
2 : 2 ' : 5 : 5'-dithienylene in pyridine and treating with mercuric chloride 
in the same solvent. Yield 35 per cent. 

Dimercury 2 : 2' : 5 : 5'-dithienylene, 

CH =C Hg C =CH 

i > < i 
CH =C Hg C=CH 

is obtained when 1 gram of 2:5-dichloromercuri thiophene in 100 c.c. of 
pyridine is treated with 0-75 gram (2 mols.) of sodium iodide in 80 c.c. 
of pyridine. A yield of 0-37 gram (72 per cent.) of substance is 
obtained. When 4 mols. of sodium iodide are used only a 50 per cent. 
yield is obtained, and with 2 mols. of sodium thiocyanate only a 24-5 

1 Steinlcopf, Bielenberg, and Jensen, Annalen, 1923, 430, 71. 
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per cent, yield. The body is halogen-free, non-crystalline, and in
soluble in pyridine and all the usual solvents. I t does not melt a t 
330° C. 

D i m e r c u r y 3 : 3 ' (or 4 ' ) -d ie thyi-2 : 2' : 5 : 5 ' -d i th ienylene, 

CEt - C Hff C - C I I CEt=C Ilg C - C E t 

>S S 
or >S S< 

C H = C Hg C = C E t ' C H = C - Hg C = C H 

2:5-Dichloromercuri-3-ethylthiophene (2-75 grams) is dissolved in 275 c.c. 
of pyridine, and with rapid stirring, 3-1 grams (4 mols.) of sodium 
iodide in 300 c.c. of pjTidine added, the stirring being maintained for 
five and a half hours. Yield 1-43 grams, that is 97 per cent. The 
product is a yellow powder, blackening at 250° C. and decomposing at 
300° to 315° C, and is insoluble in the usual solvents. When treated 
with 2 mols. of mercuric chloride in pyridine solution at 35° to 45° C. it is 
converted into 2 :5-dichlorom.ercur i -3-ethyl thioph.ene. 1 

D i m e r c u r y 3 : 4 : 3 ' ; 4 ' - t e t ramethy l~2 : 2' : 5 : 5 ' -di thienylene, 

CMe=C Hg=CMe 

S S< 

CMe=C Hg=CMe 

Three grams of 2 : 5 dichloromercuri-3: 4-dimethylthiophene and 3-3 
grams (4 mols.) of sodium iodide in 300 c.c. of pyridine are stirred for 
two hours. The ]>recipitate is insoluble in all solvents and blackens at 
310° C. Yield 1-53 grams (96 per cent.). 

COMPOUNDS OF THE T Y P E KHgB/. 

M e r c u r y ethyl phenyl.2—Phenyl magnesium bromide (23 grams) 
in absolute ether is treated with ethyl mercuric chloride (9'5 grams) in 
small portions. After boiling gently, the mixture is allowed to stand 
for one hour, and then decomposed with 1 per cent, sulphuric acid. 
The ethereal solution is separated, dried, and evaporated at 40° C. in 
vacuo, when the compound is obtained as an oil. I t is fairly soluble in 
organic solvents, and when kept for several months decomposes into 
mercury diethyl and mercury diphenyl. 

M e r c u r y ethyl benzyl is prepared from ethyl magnesium bromide 
and benzylmercuric chloride. I t is an oil, decomposing on long keeping 
into mercury diethyl and mercury dibenzyl. When treated with thallic 
chloride it yields thallous chloride, ethylmercuric chloride, benzyl
mercuric chloride, and benzaldehyde.3 

M e r c u r y phenyl benzyl.—To 32 grams of phenyl magnesium 
bromide (4 mols.) in dry ether, 10-5 grams of finely powdered benzyl
mercuric chloride are added in small portions, and the mixture worked 
up as above. A faint yellow oil is obtained, which is freed from 

1 The use of 4 mols. of mercuric chloride gives the same product. 
2 Hilpert and Griittner, Ber„ 1915, 48* 006. 
3 Goddard, Trans. Ghem. 80c, 1923, 123, 1168. 

5-dichlorom.ercuri-3-ethylthioph.ene.1
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impurity by shaking with live times its volume of cold absolute alcohol, 
and then poured into 200 c.c. of boiling alcohol, and the whole strongly 
cooled. The oil separates out, and is treated several times with alcohol 
as above, and finally dried in vacuo over phosphorus pentoxide at 35° C. 
It is slightly soluble in water or cold alcohol, easily in hot alcohol, 
and miscible with ether, petroleum ether, benzene, and its homologues. 
At SO0 C. it is rapidly decomposed to mercury, dibenzyl, and 
mercury dibenzyl, whilst at ordinary temperatures it slowly changes 
to mercury diphenyl and mercury dibenzyl. With faintly acid or 
neutral solutions of silver nitrate it gives a precipitate immediately, 
the latter containing no halogen, and when the mixture is boiled silver 
separates. 

Mercury o-tolyl benzyl is a colourless oil, from o-tolyl magnesium 
bromide and benzylmercurie bromide. It absorbs iodine, yielding 
benzylmereuric iodide, and when heated at 80° C. for several hours it 
decomposes into mercury, dibenzyl, and mercury di-o-tolyl. 

Mercury phenyl thienyl,1 

To 7-4 grams of thienyl magnesium bromide in 50 c.c, of ether, 10 grams 
of phenylmercuric chloride are added in small portions, and a lively 
reaction ensues giving a clear solution. After completion of the re
action the mass is decomposed with 1 per cent, hydrochloric acid and 
extracted with ether. From the latter solution 7 grams of faint yellow 
product are obtained, which on crystallisation from alcohol gives silver-
grey plates. Repeated crystallisations give crystals, melting at 163° to 
165° C. 

Mercury phenyl-p-tolyl.2—Kliarasch and Marker have recently 
criticised the preparation of these asymmetrical compounds as practised 
by Hilpert and Griittner, on the grounds that the difficulty of obtaining 
the compounds was due to their use of too large an excess of Grignard 
reagent, and not controlling the temperature sufficiently. Their modi
fication of Hilpert and Griittner's method is illustrated by applying it 
to the preparation of mercury phenyl-p-tolyl, carried out as follows: 
To two molecular equivalents of phenyl magnesium bromide in dry 
ether, one molecular equivalent of finely powdered p-tolylmercuric 
chloride is added in small portions, with constant shaking. The tempera
ture is maintained at 5° C, the shaking continued until all the p-tolyl 
mercuric chloride dissolves, and the mass decomposed with 0-1 per cent, 
sulphuric acid, the temperature during the latter operation being kept 
below1" 10° C. The product is extracted witfr ether, the solution dried 
over anhydrous sodium sulphate, and the solvent removed in vacuo. 
The residue is then washed five times with alcohol and again dried 
in vacuo* 

This method is used to prepare the derivatives shown in the following 
table, and the results of decomposing them with alcoholic hydrogen 
chloride and alcoholic mercuric chloride are given:— 

1 Steinkopf, Annakn, 1923, 430, 70. 
2 Kiia,rasch and Maricer, J. Amer. Che?>i. Soc, 1926, 48, 3130. 
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Compound. 

Mercury methyl phenyl. (Liq.) 
Mercury methyl benzyl. (Liq.) 
Mercury methyl butyl. (Liq.) 
Mercury methyl cyclohexyl. (Liq.) 
Mercury methyl mesityl. (Solid.) 
Mercury ethyl naphthyl. (Liq.) 
Mercury ethyl benzyl. (Liq.) 

Mercury propyl butyl. (Liq.) 
Mercury butyl isoamyl. 
Mercury butyl phenyl. (Liq.) 
Mercury phenyl cyclohexyl. (Solid.) 
Mercury phenyl naphthyl. (Solid.) 
Mercury phenyl o-aniayl. (Solid.) 
Mercury phenyl mesityl. (Solid.) 
Mercury phenyl p-tolyl. (Solid.) 

Products obtained by Decomposition of the Compounds with 

(1) Alcoholic mercuric chloride. 

C6H5.HgCl+CH3.HgCL 
CeH5.CH2.HgCI-i-CH3.HgCl. 
C4H9.HgCl+CH3.HgCl. 
C6Hu.HgCl+CH3.HgCl. 
(CH3)3.C6H2.HgCl+CH3.HgCL 
C10H7.HgCl+C2H5.HgCl. 
C6H5.CH2.HgCl+C2H5.HgCl. 

C3H7.HgCl+C4H9.HgCl. 
C4H9.HgCl+C5H11.HgCl. 
C4H9.HgCl+CeH5.HgCL 
C6Hu.HgCl+C6H5.HgCl. 
C10H7.HgCl+C6H5.HgCl. 
o-C6H4(OCH3).HgCl+C6H5.HgCI. 
(CH3)3.C6H2.HgCl+CflH5.HgCl. 
CH3.C6H4.HgCl+C6H5.HgCl. 

(2) Alcoholic hydrogen 
chloride. 

CH3.HgCL 
C6Hfi.CHa.HgCL 
C 4 H 9 .H g a 
CHn-HgCI. 
CH3.HgCl. 
CaH5.HgCl+C10Hs. 
C6H5.CH2.HgCl4-C2H5. 

HgCl. 
C3H7.HgCl+C4H9.Hga. 
C4H9.HgCl-fC5Hu.HgCl. 
C4Hs.HgCL 
CfiHlltHgCI. 
C6H5.HgCl+C10H8. 
C,Hs.HgCl. 
C8H8.HgCl. 
C6H5.Hgd. 

COMPOUNDS o r THE TYPE RHgX. 

Phenylmercuric Compounds. 

Phenylmercuric chloride, C6H5HgCl.—This substance is obtained 
in several ways : 

1. A 94 per cent, yield may be obtained from mercury diphenyl 
under the following conditions : 2-5 grams of the latter substance in 
25 c.c. of acetone are treated with 1-95 grams of mercuric chloride in 10 c.c. 
of acetone, when phenylmercuric chloride (3-7 grams) is immediately 
precipitated. A further 0*5 gram may be recovered from the filtrate by 
the addition of water.1 A similar reaction takes place in alcohol. 

2. A large number of substances react with mercury diphenyl, 
giving phenylmercuric chloride as one of the products of reaction, the 
yield in some cases being very small. The following list gives the most 
important of these reagents :— 

Dry chlorine gas,2 hypochlorous acid,2 thallic chloride,3 silicon 
tetrachloride,4 stannic chloride,5 zirconium tetrachloride,6 phosphorus 
trichloride,7 mercurous chloride,8 thionyl chloride,9 benzene sulphonic 
chloride,10 benzal chloride,11 phenyl iododichloride.12 

1 Steinkopf, Annalen, 1917, 413, 329. 
2 Dreher and Otto, AnnaUn, 1870, 154, 93. 
3 Goddard, Trans. Chem. Soc, 1922, 121, 40. 
4 Ladenburg, Annalen, 1874, 173, 152. 
5 Aronheim, Annalen, 1878, 194, 148. 
6 Peters, Ber., 1908, 41, 3173. 
7 Schwarze, J. prakt. Chem., 1874, 10, [2], 222; Michaelis and Graeff, Ber., 1875, 8, 

922 ; Michaelis, Annalen, 1876, 181, 290. 
8 Otto, J, prakt. Chem., 1870, 1, |2], 179. 
9 Heumann and Koohlin, Ber., 1883, 16, 1625. 

10 Otto, Ber., 1885, 18, 246. 
11 Kekule" and IVanehimont, Ber., 1872, 5, 906. 
12 WiUgerodt, Ber., 1898, 31, 915. 
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3. From benzene.1 A mixture of 50 grams of mercuric acetate, 
50 c.c. of glacial acetic acid, and 100 c.c. of thiophene-free benzene is 
heated in a pressure flask for five hours at 100° C., then cooled, the 
residue filtered off and washed several times with benzene. The filtrate 
which contains the acetate is evaporated down and treated with alcoholic 
calcium chloride solution, when the chloride is precipitated. This is 
filtered off and washed with hot water to remove any adhering calcium 
chloride. 

4. From benzene sulphinic acid.2 This acid in dilute alcohol is 
treated with an aqueous solution of mercuric chloride and the whole 
heated until the evolution of sulphur dioxide ceases. The solid product 
thus obtained is found to contain small quantities of phenylmercuric 
chloride. 

5. By heating phenyl boric acid with aqueous mercuric chloride 
solution.3 

6. By heating triphenylstibine with 3 mols. of mercuric chloride, 
when antimony trichloride and 3 mols. of phenylmercuric chloride 
are formed.4 

7. Phenylmercury 2 : 4 : 6-trinitrophenyl is boiled with mercuric 
chloride in alcoholic solution, phenylmercuric chloride and trinitro-
phenylmercuric chloride being formed.5 

Phenylmercuric chloride crystallises from a large quantity of hot 
benzene "in satin plates, melting at 250° to 251° C, insoluble in water, 
and only slightly soluble in cold alcohol or benzene. It readily sublimes 
without decomposition on gently heating. 

Treatment with moist silver oxide gives a solution of the correspond
ing hydroxide ; dry silver oxide does not yield an oxide but decomposes 
the chloride with formation of mercury diphenyl, mercuric oxide, and 
silver chloride.6 When an acetone solution of phenylmercuric chloride 
is treated with a similar solution of sodium iodide, phenylmercuric 
iodide is formed.7 Arsenic trichloride heated at 100° C. for four to five 
hours with the chloride yields phenyl dichloroarsine.8 With phenyl 
iododichloride it yields mercuric chloride and diphenyl iodonium 
chloride.9 Ethyl mercaptan decomposes phenylmercuric chloride at 
150° C, yielding ethyl thio-mercuric chloride, CIHg.SEt.10 

Phenylmercuric bromide may be obtained from phenyl mag
nesium bromide and mercuric bromide in dry ether: 1X by the inter
action of mercury diphenyl and two atoms of bromine; if four atoms 
of the halogen are used, bromobenzene and mercuric bromide result.12 

When mercury diphenyl and mercuric bromide in alcoholic solution are 
heated at 120° C, and when ethylene dibromide and mercury diphenyl 
are heated at 200° C. this bromide is also formed. 

The bromide crystallises in a similar form to the chloride, and melts 
1 Boeder and Blasi, Ber., 1914, 47, 2751. 
2 Peters, Ber., 1905, 38, 2567. 
3 Michaelis and Becker, Ber., 1882, 15, 182. 
4 Michaelis and Eeese, Anmlen, 1886, 233, 49. 
s Kharasch and Grafflin, J. Amer. Ghem. Soc, 1925, 47, 1948. 
6 Otto, J. prakt Ghem., 1870, 1, [2], 184. 
7 Steinkopf, Annalen, 1917, 413, 329. 
8 Boeder and Blasi, loc. cit. 
9 WiUgerodt, Ber,, 1898, 31, 915. 

10 Sachs, Ber., 1920, 53, 1737. 
11 Hilpert and Gruttner, Ber., 1913, 46, 108b*. 
12 Dreher and Otto, Annalen, 1870, 154, 93, 
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at 276'" C.; it resembles the chloride in its solubility and general pro
perties. An alcoholic solution of potassium sulphide on prolonged 
boiling with the bromide gives mercury diphenyl. mercuric sulphide, and 
potassium bromide. 

Phenylrnercuric iodide may be obtained as follows:— 
1. From phenylrnercuric chloride and sodium iodide, the reaction 

being carried out in acetone. Yield 77-5 per cent.1 

2. Mercury diphenyl in alcohol or carbon bisulphide in treated with 
a solution of iodine in the same solvent.2 A similar result is obtained if 
mercuric iodide replaces the iodine and the whole is boiled. 

3. Phenylrnercuric cyanide is decomposed by iodine, yielding the 
iodide.3 

The iodide crystallises in glistening satin plates, melting at 264'J to 
266° C. The crystals are odourless, not affected by light, insoluble in 
water, very slightly soluble in cold alcohol, ether, benzene, readily 
soluble in chloroform or hot benzene. When heated above its melting-
point phenylrnercuric iodide gives mercuric iodide. 

When an alcoholic or carbon bisulphide solution of the iodide is 
treated with iodine, iodobenzene and mercuric iodide result, but sodium 
iodide does not react with an acetone solution of the iodide.4 Sodium 
amalgam reacts with an alcoholic solution of phenylrnercuric iodide 
giving mercury, mercury diphenyl, and hydrogen iodide, but if the 
reaction be carried out in dry benzene, mercury, mercury diphenyl, and 
sodium iodide are obtained.5 

Phenylrnercuric thiocyanate, C6H5Hg.CNS.6—This compound 
was first obtained by heating together equal molecules of mercury 
diphenyl and mercury thiocyanate, and later by treating phenyl
rnercuric iodide with free thiocyanogen in carbon bisulphide solution. 
I t has more recently been formed by treating phenyl mercuric chloride 
with sodium thiocyanate in acetone solution, or boiling mercury di
phenyl with mercury thiocyanate in acetone solution.7 I t crystallises 
in small, pearly plates, melting at 231° to 232-5° C, insoluble in water, 
soluble in boiling alcohol or benzene.8 

Phenylrnercuric cyanide .9—When an equal number of molecules 
of mercury diphenyl and mercuric cyanide in alcoholic solution are 
heated in a sealed tube at 120° C. the cyanide is formed. It is also 
obtained when the corresponding iodide is treated with silver cyanide. 
From benzene it crystallises in large rhombic plates, melting at 203° to 
204° C, somewhat soluble in boiling water, easily in boiling alcohol. 
Heated in a sealed tube at 120° C. with concentrated hydrochloric acid 
it gives benzene, mercuric chloride, formic acid, and ammonium chloride; 
heated with potassium hydroxide it yields mercury, benzene, and 
potassium cyanate. I t is decomposed by iodine, with formation of 
phenylrnercuric iodide and cyanogen iodide, and by hydrogen sulphide 
yielding benzene, mercuric sulphide, and hydrogen cyanide. 

Phenylrnercuric hydroxide.—Solutions of this body are obtained 
1 Steinkopf, Annalen, 1917, 413, 329. 
2 Dreher and Otto, he. tit. 
3 Otto, J. praht. Chem., 1870, I, [2], 182. 
4 Steinkopf, he. cit. 5 Dreher and Otto, he. ctl. 
6 Otto, J. praht. Chem,, 1870, 1, [2], 182; feoderback, Annates 1919, 419, 266. 
7 Steinkopf, Annalen, 1921, 424, 60. 
8 For the type R'.Hg.S.R", see Sachs, Annalm, 1923, 433, 154. 
3 Otto, he. cit. 
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when mercury diphenyl is oxidised by potassium permanganate,1 or when 
the corresponding halides are treated with moist silver oxide. The com
ponents are boiled in alcohol, then evaporated in vacuo, when small, 
white rhombic prisms are deposited, sintering at 160° C. and melting 
above 200° C. The crystals are slightly soluble in cold water, more 
soluble in alcohol or benzene. The aqueous solution liberates ammonia 
from its salts, and precipitates alumina from aluminium salts. Treat
ment with acids yields the corresponding salts. 

Phenylmercuric nitrate.—Alcoholic solutions of the chloride on 
long boiling with silver nitrate yield the nitrate in shining, rhombic 
plates, melting at 165° to 168° C. with decomposition, somewhat soluble 
in boiling water, easily soluble in boiling alcohol or benzene. Treat
ment with concentrated nitric acid gives benzene and mercuric nitrate. 
Mercury diphenyl when treated with mercuric nitrate or nitrogen 
trioxide or tetroxide also yields phenylmercuric nitrate.2 

Phenylmercuric carbonate 3 is prepared from the chloride in a 
similar manner to the nitrate using silver carbonate. It forms small, 
white needles, very slightly soluble in boiling water, easily soluble in 
boiling alcohol or benzene. When heated it melts with decomposition, 
and with strong acids gives carbon dioxide and the corresponding salts. 

Phenylmercuric formate.4—When mercury diphenyl and formic 
acid are boiled for a short time, then poured into water, the formate is 
precipitated. It crystallises from hot formic acid in glistening plates, 
M.pt. 171° C. 

Phenylmercuric acetate maybe prepared as follows :— 
1. A mixture of 80 c.c. of benzene, 15 grams of mercuric acetate, and 

20 c.c. of 95 per cent, alcohol are heated at 100° C. for five hours. A 
yellow precipitate forms during this time which is dissolved by the 
addition of a few c.c. of glacial acetic acid. A further 20 c.c. of alcohol 
are now added and the heating continued for a further fifty hours. 
The solution is then filtered, evaporated to dryness, and the residue re-
crystallised from 95 per cent, alcohol. Yield 12*6 grams (80 per cent.).5 

2. By boiling a mixture of mercury diphenyl and glacial acetic acid. 
3. By heating mercury diphenyl and mercuric acetate in alcoholic 

solution in a sealed tube for one hour at 120° C.6 

4. By heating phenylmercuric iodide and silver acetate for a long time 
in dilute spirit. 

5. By boiling benzene for several hours at 110° C. with dry mercuric 
acetate.7 The acetate crystallises in small, white, odourless, glistening, 
oblique, rhombic prisms, M.pt. 149° C, easily soluble in hot water, 
glacial acetic acid, benzene, or alcohol. 

When heated at 150° C. phenylmercuric acetate gives carbon, 
benzene, mercury, oxygen, and acetic anhydride. Dry distillation 
yields mercury, diphenyl oxide, and acetic anhydride. Distillation with 
sulphur gives mercury, benzene, acetic acid, acetic anhydride, and 
diphenyl sulphide. Boiling with dilute sulphuric or hydrochloric acid 
produces benzene, acetic acid, and a mercuric salt. The acetate is 
reduced by nascent hydrogen to benzene, mercury, and acetic acid. 

1 Otto, / . prakt. GUm., 1884 [2], 29, 136. 
2 Bamberger, £er„ 1897, 30, 506. 3 Otto, he. cit 
4 Dreher and Otto, Annaten, 1870, 154, 93. 
5 Maynard, J. Anier. Chem. Soc, 1924, 46, 1511. 6 Otto, he. cit. 
7 Diinroth, Ber., 1898, 31, 2154 ; 1899, 32, 758. 
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Treated with iodine, a warm aqueous solution yields iodobenzene, acetic 
acid, and mercuric iodide. Aqueous or alcoholic hydrogen sulphide gives 
a heavy white precipitate, which turns gray and then black, the result
ing solution containing benzene, acetic acid, and mercuric sulphide. 
Heated with yellow ammonium sulphide at 100° to 310° C. in sealed 
tubes gives a similar result to the preceding. Heating with arsenic 
trichloride for four to five hours a t 100° C, gives phenyldichloroarsine.1 

Reduction by alkaline sodium stannite gives mercury diphenyl in 
95-6 per cent, yield.2 

Phenylmercurie propionate, prepared in the same way as the 
formate, forms matted crystals, sintering at 145° C. and melting at 165° 
to 166° C. I t may be recrystallised from water, and is also soluble in 
alcohol or benzene. 

Phenylmercuric myristate . 3 — Equal numbers of molecules of 
myristic acid and mercury diphenyl are heated together in alcoholic 
solution in a sealed tube at 120° C. Small, fatty, rhombic scales are ob
tained, insoluble in water, soluble in boiling alcohol or benzene, and 
when boiled with hydrochloric acid they are decomposed into benzene, 
myristic acid, and mercuric chloride. 

Phenylmercuric sulphide.4—Phenylmercuric acetate is dissolved 
in ammonium hydroxide—ammonium acetate solution, and treated with 
hydrogen sulphide or an alkali sulphide, when phenylmercuric sulphide 
is precipitated as a white amorphous powder. I t is insoluble in water 
or alcohol but dissolves in chloroform, this solution soon decomposing. 
Hydrochloric acid liberates hydrogen sulphide, and continued boiling 
with alcohol gives mercuric sulphide and mercury diphenyl. Heated t 

to 108° C. the compound blackens and decomposes. 
Phenylmercuric thiocarbonate, (C6H5Hg)2CS3.—When the above 

sulphide is dissolved in cold carbon bisulphide the solution first deposits 
silky needles, and afterwards a yellow product which is only slightly 
soluble in carbon bisulphide. This substance is the thiocarbonate, 
which is insoluble in water or alcohol, slightly soluble in ether or benzene, 
more soluble in chloroform, and forms a clear solution in hot fuming 
hydrochloric acid. At 108° C. it blackens, mercuric sulphide being 
deposited and carbon disulphide evolved. I t is rapidly decomposed 
when heated with benzene, with the production of mercury diphenyl and 
mercuric sulphide. 

Phenylmercuric thiosulphate.5—Two molecules of phenylmer
curic acetate in ammonium hydroxide—ammonium acetate solution are 
treated with one molecule of sodium thiosulphate. when a white pre
cipitate is obtained, insoluble in ordinary solvents but dissolving in 
concentrated hydrochloric acid, with evolution of sulphur dioxide and 
deposition of sulphur. This thiosulphate readily dissolves in aqueous 
sodium thiosulphate, the solution giving mercury diphenyl on standing. 
The compound is not decomposed when heated to 200° C. 

Compounds of Di(phenylmercuri)-amine, (C6H5Hg)2NH.6 

Pesci has shown that phenylmercuric salts react with ammonia to 
form salts of (CeHf iHg)2NH—, these compounds yielding ammonia 

1 Roeder and Blasi, Ber., 1914, 47, 2752. 
2 Maynard, J. Armr. Ghent. Soc> 1924, 46, 1511; Dimroth, Bert> 1902, 35, 2853, 
3 Otto, J. prakt Chem., 1870, 1, [2], 1S5. 
4 Pesci, Oazzetta, 1899, 29, L 394. 5 Pesci, ibid. 6 Pesci, ibid., 1909, 39, i. W?-
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when decomposed, but no hydroxide when treated with alkalies or silver 
hydroxide. 

Phenylmercur iamine acetate, (C6H6Hg)2NH2.O.CO:CH3.—This 
compound separates out when phenylmercuric acetate is dissolved 
in ammonium hydroxide. It crystallises from methyl alcohol in 
needles, melting at 179° C., readily soluble in alcohol, sparingly soluble in 
water. Excess of concentrated sodium thiosulphate or refluxing with 
alcoholic carbon bisulphide gives mercury diphenyl. 

The nitrate is formed when ammonium nitrate is added to the above 
ammoniacal solution of phenylmercuric acetate. It forms brilliant 
scales from alcohol, melting at 230° to 235° C. with decomposition. 

The sulphate is precipitated by sodium sulphate and is an infusible 
precipitate, forming a compound with ammonium sulphate, 

[(C6H5Hg)2NH2]2S04.(NH4)2S04 

which crystallises in rectangular tablets. 
The chloride, prepared from phenylmercuric chloride, crystallises in 

microscopic prisms, melting at 184° C. with decomposition. 
Te t ra (phenylmercuri) thiourea, (CeHBHg)4NaCS.—The above 

acetate treated with thiourea gives this derivative and ammonium 
acetate. It is insoluble in the usual solvents and darkens at 104° to 
105° C. . When boiled with alcohol it decomposes, giving mercuric 
sulphide, mercury diphenyl, and phenylmercuri cyanamide, 

(C6H5Hg),N2CS-HgS + (C6H5)2Hg + (C6H5Hg)3N-CN 

Phenylmercur i cyanamide, formed as shown above, is a white 
amorphous powder which decomposes when heated. I t is decomposed 
by cold dilute hydrochloric acid into phenylmercuric chloride and 
cyanamide. 

Tolylmercuric Compounds. 

o-Tolylmercurie chloride may be prepared by treating o-toiyl 
boric acid with mercuric chloride,1 or by separating it from the para 
compound formed when toluene is mercurated by mercuric acetate after 
treating the mixture with sodium chloride.2 I t crystallises from 
alcohol in white crystals, M.pt. 146° C.3 

o-Tolylmercuric bromide.4—To a solution of 28 grams of o-tolyl 
magnesium bromide in 100 grams of ether, 58 grams of mercuric bromide 
arc added, the mixture shaken for one hour, boiled for two hours, and 
then allowed to stand over-night. It is then worked up in the usual way, 
when 42 grains (78 per cent, yield) of the bromide are obtained. From 
xylene or alcohol it forms hair-fine needles, M.pt, 168° C, easily soluble 
in pyridine or aniline and reprecipitated by the addition of petroleum 
ether. It is only slightly soluble in cold alcohol, ether, benzene, chloro
form, or acetone, but readily soluble in hot benzene or its homologues. 
The crystals are not affected by light; 

o-Tolylmercuric iodide.—When the above bromide is boiled with 
alcoholic potassium iodide in slight excess, a quantitative yield of the 

1 Michaelis, Ber., 1894, 27, 244. 
2 Dimroth, Bar., 1899, 32, 758. 
3 Coffey, Tram, Chem. Soc, 1925, 127, 1029. 
4 Hilpert and GrQttner, Iter., 1915, 48, 906. 



MERCUEY. 93 
iodide is obtained. I t crystallises in prisms from alcohol, melting at 
176° to 177-5° C, and has a similar solubility to the bromide. 

o -To ly lmercur i c sulphide.—When hydrogen sulphide is passed 
into a pyridine-ether solution of the above iodide at —10° C , the pale 
yellow sulphide is precipitated. In the presence of moisture it soon 
decomposes and blackens, mercuric sulphide separating out. 

o-Tolylrnercuric nitrate is formed when mercury di-o-tolyl is 
treated with nitrogen trioxide or tetroxide.1 

m-Tolylmercuric chloride 2 is readily obtained from m-tolvl 
boric acid, as in case of the ortho compound;3 from tri-m-tolylstibine 
mercurichloride by boiling with alcohol ; 4 and by heating an alcoholic 
solution of mercury di-m-tolyl with mercuric chloride. 

I t crystallises in white needles, melting at 159° to 160° C, easily 
soluble in chloroform or benzene, with difficulty in alcohol, and it sub
limes without decomposition. 

The bromide is prepared in the same way as the chloride ; it crystal
lises from alcohol in white needles, M.pt. 183° to 184° C. 

The iodide forms white pearly plates, M.pt. 161° to 162° C.; the 
acetate, white shining needles from water, M.pt. 83° to 84° C.; the 
formate, large needles, M.pt. 106° C.; the propionate, white needles, 
M.pt. 102° C., insoluble in cold water, easily soluble in alcohol. 

p - Tolylmercurie chloride . — This derivative is prepared as 
follows :— 

1. A mixture of 300 c.c. of water and 100 grams of powdered mercuric 
chloride is heated in a 2-litre beaker, and a solution of 80 grams of 
sodium p-toluene sulphinate in 200 c.c. of boiling water carefully added 
to the hot solution. A heavy white precipitate is thrown down and 
sulphur dioxide is evolved. When the frothing ceases, 200 c.c. of water 
are added, and the mixture boiled, with occasional stirring, until the 
evolution of sulphur dioxide slackens. A further 200 c.c. of water are now 
added and boiling continued until no more sulphur dioxide is given off. 
The mixture is filtered, and washed with water until the washings give 
no precipitate with sodium hydroxide, the residue then being dried at 
110° C. Yield 65 per cent.5 

2. Heating p-tolyl sulphinic acid with mercuric chloride until evolu
tion of sulphur dioxide ceases.6 

3. Heating p-tolyl sulphonyl chloride with mercury diphenyl for 
fifteen hours at 120° C.7 

4. By heating mercuric chloride and mercury di-p-tolyl in alcoholic 
solution in a sealed tube at 160° C.8 

5. From p-tolyl boric acid in the usual way.9 

6. By separation of the ortho and para isomers formed in the direct 
mercuration of toluene by mercuric acetate, after treating with sodium 
chloride.10 

i Kunz, Ber., 1898, 31, 1528. 
2 Michaelis, Ber., 1895, 28, 588. 
3 Khotinsky and Melamed, Ber., 1909, 42, 3094. 
* Michaelis and Gtenzken, Annakn, 1887, 242, 176. 
5 WMtmore, Hamilton, and Thurman, J. Amer, Ghem, 8oe.., 1923, 45, 1086. 
• Peters, Ber., 1905, 38. 2569. 
7 Otto, Ber., 1885, 18, 246. 
8 Otto, J. prahL Ghem., 1870, I, [2], 185. 
9 Michaelis and Becker, Ber., 1882, 15, 185. 

™ Bimroth, Ber., 1899, 32, 758; cf. Coffey, Tram. OUm. 8oc„ 1925, 127, 1029. 
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The chloride crystallises in shining scales, melting at 232° to 233° C. ; 
it is insoluble in water, soluble with difficulty in hot alcohol and easily 
in boiling benzene. Its solution in acetone when treated with sodium 
iodide yields p-tolylmercuric iodide, but no mercury di-p-tolyl is formed.1 

p-Tolylmercuric bromide.—From 28 grams of p-tolyl magnesium 
bromide and 58 grams of mercuric bromide a yield of 44 grams of p-
tolylmercuric bromide is obtained.2 The yield is not so good when 
mercuric chloride is used in place of the bromide.3 

The bromide crystallises in fine needles from benzene, melting at 
234° to 235° C. It is sparingly soluble in the usual organic solvents. 
It reacts with phosphenyl chloride in two to three hours at 270° C. in 
dry carbon dioxide to form phenyl-p-tolylchlorophosphine. 

p-Tolylmercuric iodide.—This derivative may be prepared from 
the chloride as shown above, or from the bromide by boiling with 
potassium iodide in alcoholic solution for two hours. Its melting-point 
has been given as 213° to 214° C. and 217° C. ; it is sparingly soluble in 
organic solvents.4 

p-Tolylmercuric carbonate is a crystalline powder, decomposing 
above 260° C. 

p-Tolylmercuric mercaptan is a yellow, insoluble product pre
pared from the above carbonate and carbon disulphide. 

p-Tolylmercuric nitrate is prepared similarly to the ortho com
pound from mercury di-p-tolyl and trioxide ortetroxide of nitrogen.5 

p-Tolylmercuric acetate.—The methods of preparation of this 
derivative, as also of the preceding one, are similar to those for the phenyl 
compound. It forms rhombic prisms from alcohol and benzene, M.pt. 
153° C. It is less soluble in the usual solvents than the phenyl 
compound. 

p-TolyImercuric-2 :4:6-trinitrobenzoate is prepared from the 
hydroxide and the substituted benzoic acid in alcoholic solution. It 
melts at 227° C, but when heated in an oil-bath at 220° to 230° C. until 
all effervescence ceases it forms p-tolylmercuric-2 :4 :6-trinitro-
phenyl, a pale yellow product, M.pt. 192° C.6 

Benzylmercuric Compounds. 

Benzylmercuric chloride7 is obtained as follows :— 
1. To a solution of 23*8 grams of benzyl magnesium chloride in 

100 grams of ether, 46-7 grams (1*1 mols.) of finely powdered mercuric 
chloride are slowly added with good shaking. Until the reaction is 
finished, the temperature is maintained below 45° C, and the reaction 
mixture then allowed to stand for twenty-four hours. I t is then boiled 
briskly for two hours, decomposed by ice and dilute sulphuric acid, 
filtered and washed with water, not exceeding 80° C. The residue is 
then recrystallised from equal parts of xylene and alcohol. Yield 43 
grams (84 per cent.). 

1 Steinkopf, Annakn, 1917,413, 329. 
2 Hilpert and Gruttner, Ber., 1915, 48, 906. 
3 Pope and Gibson, Trans, Ghem, Soc.9 1912, 101, 735. 
4 Steinkopf, lot. cit.; Hilpert and Gruttner, he. cit 
5 Kunz, Ber., 1898, 31, 1528. 
8 Koten and Adams, J. Amer. Chem. Soc, 1924, 46, 2768. 
? Hilpert and Gruttner, Ber., 1915, 48, 913. 



MERCURY. 95 
2. From benzyl boric acid and mercuric chloride.1 

S. From mercury dibenzyl and an alcoholic solution of mercuric 
chloride. 

The chloride crystallises in white, glistening plates, M.pt. 104° C, and 
decomposes when strongly heated. It reacts with benzyl magnesium 
chloride to form mercury dibenzyl.2 

The corresponding bromide and iodide may be prepared by Method 3, 
the former giving plates melting at -319° C, and the latter plates, M.pt. 
117° C.3 

The cyanide is formed when mercury dibenzyl and mercuric cyanide 
in absolute alcoholic solution are heated at 330° C. in a sealed tube. It 
crystallises in fine, white needles, M.pt. 124° C. 

The acetate results when mercury dibenzyl in alcoholic solution is 
treated with mercuric acetate ; and when silver acetate is added to an 
alcoholic solution of benzyl mercuric chloride. 

It forms long, glistening, white needles, melting at 126° C. 

Compounds from Higher Benzene Homologues. 

m-Xylylmercuric chloride is obtained, along with m-xylyldichloro-
phosphine, when mercury di-m-xylyl is heated at 230° C. with phosphorus 
trichloride.4 

Mesitylmercuric chloride occurs as fee needles, melting about 
200° C. ; the bromide melts at 194° C. ; the iodide yields fine, colourless 
needles, melting about 178° C.5 

Pseudocumylmercuric chloride yields small needles, M.pt. 201° C; 
the bromide is a white micro-crystalline powder, M.pt. 211° C.; the iodide, 
formed by heating mercury dipseudocumyl with excess of mercuric 
iodide in a sealed tube at 130° to 140° C. in alcoholic solution, crystallises 
as white glistening needles, M.pt. 196° to 197° C. 

Cumylmercuric chloride (glistening needles, M.pt. 156° C.); 
bromide (M.pt. 163° C.); and iodide (M.pt. 169° C.)6 are also known. 

Cyclohexyl Compounds.7 

Cyclohexylmercuric chloride is formed by the action of 
mercuric chloride on mercury dicyclohexyl in any solvent, and all the 
following salts may be prepared in a similar manner. The chloride 
crystallises in plates of brilliant lustre, M.pt. 163° to 164° C , and may be 
converted to the iodide by warming its solutions'with potassium iodide. 

The bromide crystallises from benzene in white leaflets, M.pt. 153° C, 
100 grams of benzene dissolving 3-33 grams of bromide at 29° C. It is 
insoluble in water, more soluble in ether or benzene, very soluble in 
amines or pyridine. I t is sensitive to light.8 

1 Khotinsky and Melamed, Ber., 1909, 42, 3095. 
2 Jones and Werner, J. Amer. OJiem, 80c, 1918, 40, 1257. 
s Wolff, Ber., 1913, 46, 64. 
4 Weller, Ber,, 1887, 20, 1718. 
s Michaelis, Ber., 1895, 28, 588. 
6 Michaelis, ibid. ; SoMff, Ber., 1877, 10, 1745. 
7 Gruttner, Ber., 1914, 47, 1651; Tiffeneau and Gannage, BuU. Sci. Pharmacol, 1921, 

28, 7. 
8 Tiffeneau and Gannage" giye chloride, M.pt. 159° C. ; bromide, M.pt. J41° C.; 

iodide, M.pt. 142° a 
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The iodide may be obtained from the chloride or bromide by the 
action of potassmm iodide, or by treating cyclohexyl iodide with sodium 
amalgam.1 I t has a similar solubility to the bromide, is sensitive to 
light, and crystallises in plates, M.pt. 143° C. 

Treatment of the above halides with silver oxide yields the hydroxide, 
a strong base, which decomposes when heated. 

The sulphide is a pure white powder, deposited when a rapid stream 
of hydrogen sulphide is passed into a pyridine solution of the bromide 
at —10° C. If left in a moist state it soon decomposes. 

The cyanide crystallises from alcohol in sparkling leaflets, melting at 
144° C, and is sensitive to light. 

4-Methylcyclohexylmercuric chloride forms spangles, sub
liming at 163° C ; the bromide has M.pt. 142° C., iodide, M.pt. 176° C, 
cyanide, M.pt. 100° C.s and hydroxide, M.pt. 110° to 115° C.2 are also 
known. 

Naphthyl Compounds. 

a-Naphthylmercuric chloride is prepared by boiling an acetone 
or alcoholic solution of mercury di-a-naphthyl with mercuric chloride, 
filtering, and precipitating the chloride with water.3 I t crystallises in 
quadratic plates, M.pt. 188° to 189° C, and its acetone solution with 
sodium iodide yields the corresponding iodide. I t is moderately soluble 
in alcohol or benzene, but insoluble in water.4 

a-Naphthylmercuric bromide may be prepared from mercury di-
a-naphthyl either by the action of bromine, or by heating it with mer
curic bromide in alcoholic solution for one hour at 120° to 130° C.5 

Naphthyl magnesium bromide and mercuric bromide give the same 
product.6 The compound crystallises in glistening needles or plates, 
M.pt. 202° C, insoluble in water, easily soluble in alcohol, chloroform, 
benzene, or carbon bisulphide. 

a-Naphthylmercuric iodide crystallises in rhombic columns, 
M.pt. 185-5° to 186ff C, and is obtained from the chloride as described 
above, or from mercury di-a-naphthyl by the action of iodine in carbon 
bisulphide solution. It is insoluble in water, slightly soluble in cold 
alcohol or ether, easily soluble in hot alcohol, chloroform, benzene, or 
carbon bisulphide. When strongly heated it decomposes with separa
tion of carbon, and heated with soda lime yields mercuric oxide, iodine, 
and naphthalene. Its alcoholic solution treated with sodium amalgam 
gives mercury, hydrogen iodide, and mercury di-a-naphthyl.7 

a-Naphthylmercuric acetate is prepared as follows :— 
1. Mercury di-a-naphthyl is treated with an excess of glacial acetic 

acid and the mixture heated until complete solution is obtained, then 
the whole poured into water. The precipitate, which contains the 
acetate and naphthalene, is filtered off and washed with water, then 
crystallised from hot alcohol, in which the naphthalene is less soluble 
than the acetate. 

1 Kursanov, Ghem. Zen.tr., 1899, ii. 477. 
2 Tiffeneau and Gannage, Bull, Sci. Pharmacol., 1921, 28, 7. 
3 Steinkopf, Annalen, 1917, 413, 330; see Matsumiya, Mem. Coll Sci. Kyoto. 1925, 

8, 391. 
* Otto, J. praH. Ghem., 1870, [2], i , 185. 
5 Otto, Annalen, 1870, 154, 188. 
6 Hilpert and Gruttner, Ber, 1913, 46, 1686. 
7 Otto, be. cit.; Otto and Modes, Annalen, 1868, 147, 164. 

Zen.tr
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2.1 Thirty grams of pure dry mercuric acetate are introduced into 
60 grams of molten naphthalene, the mixture well stirred and heated to 
120° C , this temperature being maintained until a clear solution results 
(about twenty minutes). The excess of naphthalene is then removed 
by steam and the dry residue extracted with ligroin, from which the 
product crystallises on cooling. If the reaction product before steam 
distillation is treated with sodium chloride, the chloride is obtained 
instead of the acetate. 

The acetate crystallises from alcohol in colourless needles, M.pt. 
154° C , which are insoluble in water, slightly soluble in ether, and easily 
soluble in hot glacial acetic acid, alcohol, benzene, chloroform, or carbon 
bisulphide. 

I t reacts with hydrochloric or hydriodic acids, giving acetic acid, 
naphthalene, and a mercuric halide ; four atoms of iodine react giving 
acetic acid, mercuric iodide, and iodonaphthalene; sodium amalgam on 
the alcoholic solution yields mercury, acetic acid, and naphthalene ; 
alcoholic hydrogen sulphide or ammonium sulphide at 100° C. break 
the compound down into acetic acid, mercuric sulphide, and naphtha
lene. 

The formate is an oil, and the butyrate forms fine, glistening, rhombic 
prisms, melting about 200° C , almost insoluble in cold water, moderately 
soluble in hot water, alcohol, or butyric acid. 

The nitrate is prepared by the interaction of silver nitrate and a-
naphthylmercuric chloride in alcoholic solution,2 or from mercury di-
a-naphthyl and nitrogen trioxide. I t crystallises in small white needles. 

The thiocyanate occurs as white plates, soluble in hot alcohol or 
benzene ; the sulphide has only been obtained as a white precipitate. 

Thienyl Compounds. 

2-Chloromercuri thiophene, 

^/ 'HgCl 
S 

In order to prepare this derivative, 10 parts of thiophene in 100 parts of 
spirit are mixed with 1000 parts of a cold saturated solution of mercuric 
chloride and 200 parts of a 33J per cent, solution of crystallised sodium 
acetate. In four or five days the precipitate is filtered off and the 
filtrate deposits further crystals. The residue is washed with cold 
water, boiled with spirit, and filtered through a hot-water funnel, the 
chloride crystallising out on cooling.3 

The above method of preparation yields a mono- and a di-mercurated 
thiophene; the latter is very insoluble in the usual solvents, so that the 
mono-compound is removed by means of hot alcohol.4 2-Chloromercuri 

i Dimroth, Ber„ 1902, 35, 2032. 
2 Otto, J, prakt. Chem., 1870, [2], I, 185. 
3 Volhard, Annalen, 1891, 267, 176; Steinkopf and Bauermeister, Annakn, 1914, 

403, 59; Finzi, Gazzetta, 1915,45, i t 280 ; Steinkopf, Aimalen, 1921, 424, 23. 
* lYom 85 grams of thiophene Steinkopf obtained in sis days 217 grams of mono-

compound and 18 grams of di-compound, but the author finds that a considerable increase 
in yield may be obtained if the liquors be allowed to stand for six: months after the first 
batch of crystals has been removed. I t may also be prepared by treating mercury 2 : $*-
thienyl in acetone solution with mercuric chloride. Yield. 89*4 per cent. 

T T A T V T « T 7 
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thiophene crystallises in white, silvery plates, M.pt. 183° C, somewhat 
volatile, commencing to sublime above 100° C, subliming rapidly at 
210° C.; in large quantities this process is accompanied by decomposition. 
With sodium iodide in acetone solution it yields mercury 2 :2'-dithienyl 
and the corresponding iodide. With mercuric bromide or iodide the 
corresponding 2-halidemercuri thiophenes are obtained.1 

When boiled with arsenic trichloride in toluene for six to seven hours 
dithienylchloroarsine and thienyldichloroarsine2 are obtained. 

Thienones are formed by heating the chloride with the chlorides 
of the following acids: acetic, benzoic, o-toluic, p-toluic, p-nitrobenzoic. 
The chloromercnri thiophene appears to be a catalyst in these reactions. 

2-Bromomercuri thiophene, obtained from the chloride by action 
of mercuric bromide, crystallises from toluene in glistening plates, M.pt. 
169° to 170' C, somewhat easily soluble in acetone, with difficulty in 
cold alcohol, chloroform, benzene, or carbon bisulphide. 

2-Iodomercuri thiophene may be prepared in a similar manner to 
the bromide, or by treating an acetone solution of mercury 2 : 2'-dithienyl 
with one molecule of sodium iodide. I t crystallises in shining, silvery 
plates, melting at 117° C.s insoluble in water, not easily in hot alcohol or 
cold benzene, readily in hot benzene or cold acetone. Since the iodide 
is affected by sunlight, turning red, all the operations in connection with 
its extraction should be carried out in absence of sunlight. I t reacts 
with thallic chloride to give thallous chloride and 2-chloromercuri 
thiophene.3 

2-Thiocyanatomercuri thiophene is obtained from an acetone 
solution of 2-chloromercuri thiophene by treatment with 1 mol. of 
sodium thiocyanate. The mercury-2 : 2'-dithienyl is filtered off and the 
thiocyanate precipitated from the filtrate by water. I t crystallises 
from toluene in glistening plates, melting at 179° to 180° C. I t is easity 
soluble in acetone, sparingly in cold alcohol, ethyl acetate, benzene, or 
toluene, insoluble in water. 

2 : 5 Dichloromercuri thiophene is obtained as a by-product in 
the preparation of the monomercurichloride, or by treating the corre
sponding acetate solution with sodium chloride. I t is a white powder, 
insoluble in all indifferent solvents, not easily attacked by acids, even 
concentrated nitric acid, and is unaffected by aqueous alkalies. When 
boiled under reflux with aqueous bromine for one hour it yields a mixture 
of di-, tri-5 and tetrabromothiophenes, but warmed with aqueous iodine 
only di-iodothiophene is obtained. 

5-Chioromercuri-2-chlorothiophene, 

I j 
ci^yHgCi 

s 
is prepared in the usual way from 2-chlorothiophene and mercuric 
chloride in sodium acetate solution. I t forms glistening silver plates, 
M.pt. 218° to 219° C, and has the usual solubility. Traces of a di-mer-
curetted compound are also obtained, melting at 278° to 280° C, with 
decomposition. 

3 Steinkopf, Annaten, 1917, 413, 310. 
2 Stemkopf, ibid.; Tmzi, Gazzetia, 1915, 45, ii. 280. 
8 Goddard, Trans. Ckem. Soc, 1923, 123, 1169. 
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The corresponding bromide forms line white crystals, M.pt. 191° C, 
from toluene solution, and is obtained by treating an acetone solution of 
mercury 5 : 5'-dichloro-2 : 2'-dithienyl with mercuric bromide. 

The iodide is formed from the chloride by treatment with sodium 
iodide in acetone solution. I t crystallises in white, glistening plates 
which melt at 126° to 126-5° C. with partial decomposition. I t is easily 
soluble in ethyl acetate or acetone, somewhat soluble in alcohol, benzene, 
chloroform, or carbon bisulphide in the cold, insoluble in water. I t 
tends to split off mercuric iodide when in solution. 

5-Chloromercuri-2-bromothiophene yields fine crystals, melting 
at 225° C. I t is not very soluble in cold solvents, with the exception of 
acetone. The bromide forms white, matted needles, M.pt. 197° to 
197-5° C , whilst the iodide crystallises in small white crystals from 
alcohol, M.pt. 119° C , easily soluble in carbon bisulphide, acetone, or 
ethyl acetate, warm benzene, xylene, alcohol, or chloroform. I t is 
sensitive to light, becoming pale red. 

5-Chloromercur i»2- iodothiopheneyie lds slender, matted crystals, 
sintering about 215° C. and melting at 225° C. I t is fairly soluble in 
warm benzene or acetone. When heated with acetyl chloride at S0° 
to 90° C. it gives 2-iodo-5-acetothienone, and when refluxed with iodine 
and water for a few minutes until the iodine disappears, 2 : 5-di-iodothio-
phene is obtained. The bromide, on crystallising from xylene, forms 
matted crystals darkening a t 170° C, is somewhat soluble in acetone, 
difficultly soluble in carbon bisulphide, and practically insoluble in 
alcohol or benzene. The iodide is partially decomposed when recrystal-
lised from xylol, and is a faint yellow, micro-crystalline body, M.pt. 141° 
to 142° C. I t is moderately soluble in acetone, readily soluble in warm 
chloroform, benzene, or xylene. 

5~Chloromercuri-2-carboxyl-thiophene, 

I I 
HOOcLJHgCl 

S 

is prepared in the usual manner from thiophene-2-carboxylic acid. I t 
occurs in two forms: (a) soluble in sodium hydroxide and reprecipitated 
by dilute hydrochloric acid as a white, amorphous body, and (b) in
soluble in sodium hydroxide, but soluble in ammonium hydroxide, and 
reprecipitated by dilute hydrochloric acid. Both compounds melt at 
297° to 298° C, with violent gas evolution. 

5-Chloromercuri-2-methyl thiophene-—Cold saturated mercuric 
chloride (220 grams), 44 grams of 33 per cent, sodium acetate and 2*6 
grams of 2-methyl thiophene iii 150 c.c. of alcohol give S-6 grams of 
product in thirteen hours.1 I t crystallises from alcohol in glistening 
needles, M.pt. 204° C.2 I t is insoluble in water or ether, and with 
benzoyl chloride yields phenylthiotolyl ketone. 

5-Chloromercuri-2-phenyI thiophene occurs as white, glistening 
plates, melting at 234° C. and slightly soluble both in alcohol and in 
benzene. 

?-Chloromercuri-3-methyI thiophene is prepared from /?-thio-
toluene in the usual way. A mono- and a di-mercvrated compound result, 

1 Rteinkopf and Bauermeister, AnnaU%, 1914, 403, 59. 
2 Volhartf gave 197° C. 
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the former crystallising from alcohol in white, bushy needles, the cli-com-
pound being insoluble in the usual organic solvents, and only attacked 
with difficulty by concentrated nitric acid. 

?-Chloromercuri-3-isopropyl thiophene crystallises from hot 
alcohol in shining, long, white needles, M.pt. 137° C., soluble in ether, 
insoluble in water. A dichloro compound is formed at the same time 
as a white granular mass, insoluble in all solvents and very stable towards 
concentrated nitric acid. 

5-Thiocyanatomercuri-2-chlorothiophene.—The corresponding 
5-ehloromercuri compound (3-5 grams) in 120 c.c. of acetone is treated 
with 0*8 gram (1 mol.) of sodium thiocyanate in 15 c.c. of acetone. 
Yield 2-9 grams. It crystallises from benzene or alcohol in glistening 
silver plates, melting at 187° C. after previously sintering. I t is 
readily soluble in cold acetone, moderately soluble in cold alcohol or 
ethyl acetate, but readily soluble on warming, sparingly in hot benzene 
or ether. The thiocyanate may also be obtained from mercury 5 : 5'-
dichloro-2 : 2'-dithienyl by the action of mercury thiocyanate in acetone 
solution. On the other hand, if 2 mols. of sodium thiocyanate are used in 
the first preparation, mercury 5 : 5'-dichloro-2 : 2'-dithienyl is isolated.1 

5 -Thiocyanatomercuri -2 -bromothiophene crystallises from ethyl 
acetate in small, warty aggregates, M.pt, 187° to 188° C.s easily soluble 
in pyridine, sparingly in cold ethyl acetate or alcohol. If two molecules 
of sodium thiocyanate be used, mercurv 5 : 5'-dibromo-2 : 2'-dithienyl, 
M.pt. 182° to 183° C, is formed. 

5-Thiocyanatomercuri-2-iodothiophene.—It was found im
possible to isolate this compound in the pure state using the 5-iodo-
mereuri derivative, so that the preparation was conducted as follows :— 
Three grams of mercury 5 : 5'-di-iodo-2 : 2'-dithienyl and 1-54 grams of 
mercury thiocyanate in 250 c.c. of acetone were heated to boiling. The 
liquid on filtering deposited 1-1 grams of substance, and a further 2*8 
grams were thrown out by the addition of water. The product yielded 
crystals from nitromethane solution, M.pt. 173° C, easily soluble in 
warm acetone or cold pyridine, sparingly in cold nitromethane or bromo
benzene, readily on heating. In alcohol, benzene, or xylene it is only 
sparingly soluble. 

5-Chloromercuri-2-n-propylthiophene.—A mixture of 193grams 
of mercuric chloride, 38 grams of sodium acetate, 450 c.c. of alcohol, and 
3 grams of n-propylthiophene after six days deposits 6-2 grams of crystals. 
Yield 72 per cent. The crystals from benzene melt at 155° C, are easily 
soluble in pyridine, warm alcohols, benzene, or toluene, sparingly in 
warm ether. 

5-Thiocyanatomercuri-2-n-propylthiophene is readily obtained 
from the above compound in the usual manner. I t crystallises from 
toluene in silvery plates, M.pt. 169° to 169*5° C, easily soluble in cold 
acetone, fairly soluble in benzene or toluene, sparingly in alcohol. 

5-Chloromercuri-2-isoamylthiophene is obtained in 75 per cent. 
yield after the reaction mixture has stood for four days. I t crystallises 
from benzene in fine needles, M.pt. 171-5° to 172° C, readily soluble in 
cold acetone or warm ether, sparingly in other cold solvents. If treated 
with sodium iodide it yields mercury 5 : 5'-di-isoamyl-2 : 2'-dithienyl. 

5 - Thiocyanatomercuri - 2 - isoamyithiophene forms glistening 
crystals, M.pt. 199° to 200° C. 

1 Steinkopf, Annahn, 1921, 424, 30. 
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5 -Chloromercur i -2 -benzy l th iophene is obtained in SO per cent, 
yield in four days. I t yields small, snow-white crystals from toluene, 
M.pt. 189° to 191° C, having the usual solubilities. I t does not yield a 
thiocyanate compound, but mercury 5 : 5'-dibenzyl-2 :2'-dithienyl is 
formed instead. 

5 -Th iocyana tomercu r i -2 -me thy l th iophene is deposited as pure 
white, microscopic crystals from ethyl acetate. I t decomposes at 202° 
to 204° C, and when crystallised from xylene it is partially decomposed. 
I t is readily soluble in pyridine or acetone, and the following solvents 
when heated: alcohols, ethyl acetate, or xylene. When 2 mols. of 
sodium thiocyanate are used in the preparation a body melting at 203° 
to 204° C. is isolated. 

5 - B r o m o m e r c u r i - 2 -methyl thiophene.—To prepare this sub
stance mercury 5 :5'-dimethyl-2 :2'-dithienyl (1-97 grams) and 1-8 grams 
of mercuric bromide in 100 c.c. of acetone are rapidly brought to the boil, 
then cooled in ice. The bromide is precipitated by the addition of water. 
Yield 8-5 grams. I t crystallises from ethyl acetate in shining, white 
needles, melting at 179° to 180° C , and having the usual solubilities. 

5 - Iodomercu r i -2 -me thy l th iophene , prepared in a similar manner 
to the bromide, crystallises from alcohol in silvery needles melting at 
1110 to 112° C. I t is readily soluble in cold ethyl acetate or benzene, 
less so in acetone unless heated. 

5 -Chloromercur i -2 -e thy l th iophene may be crystallised from 
alcohol; M.pt. 147° to 148° C. Yield 81 per cent. 

5 - Th iocyana tomercu r i -2 -ethylthiophetie yields small plates from 
benzene; M.pt. 167-5° to 169° C. 

5 - Iodomercur i -2 -e thy l th iophene , prepared from the chloride 
using rather more than 2 mols. of sodium iodide in acetone solution, 
crystallises from much alcohol in silvery needles melting at 96° to 97° C , 
affected by light. 

(2 o r 5)?-Thiocyanatoj tnercur i -3-methyl thiopheneyieldssmall 
crystals from benzene, melting at 169° C, sparingly soluble in acetone 
in the cold, easily when heated, but only sparingly in warm benzene or 
toluene. 

5 - H y d r o x y m e r c u r i - 2 - a c e t o x y m e r c u r i th iophene occurs as hair-
fine needles, M.pt. 270° C. I t is obtained from commercial benzene by 
boiling it with mercuric acetate. One kilogram of benzene, 40 grams of 
mercuric acetate, 300 c.c. of water, and 40 grams of acetic acid after 
boiling under reflux for thirty minutes give 32 grams of compound.1 

I t is only soluble in acetic acid, from which i t crystallises as the diacetate; 
dry distillation with concentrated hydrochloric acid yields thiophene and 
mercuric chloride, 

3 -Gh lo romercu r i -2 -hyd roxy -2 :3 -d lhydro -2 : 5 -d ime thy l t h io -
phene m e r c u r i c chlor ide , 2 

HC (OH.Hg01 

j 1 . H g C l 3 

s 
This compound is derived from 2:5-dimethylthiophene in the usual 

1 Dimxoth, Ber.t 1899, 32, 758; Schwalbe, ibid., 1905, 38 ;2208. 
2 Steinkopf, Annalen, 1921,424, 23. 
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manner. I t forms white crystals, M.pt. 186° to 187° C, insoluble in 
water, difficultly soluble in ether, cold alcohol, chloroform, or benzene, 
easily soluble in acetone or warm solvents. 

3-Chloromercuri-2 : 5-dimethylthiophene is contained in the 
mother-liquors from the above compound, and may be precipitated by 
the addition of water. I t crystallises from alcohol in silky needles, 
M.pt. 150° to 157° C, insoluble in water, easily soluble in acetone or 
warm alcohol. I t is also formed when the preceding mercuric salt is 
boiled for a long time with a little alcohol. The thiocyanate crystallises 
from benzene in snow-white crystals, M.pt. 177° to 177-5° C. 

The corresponding iodomncuri compound is obtained by treating the 
above chloride in acetone solution with sodium iodide. I t crystallises 
from benzene in white, glistening needles, M.pt. 175° C. 

2-Chlorornercuri-3:4-dimethyl thiophene occurs as white 
needles, M.pt. 137° to 138° C, easily soluble in warm benzene, chloroform, 
or cold acetone, slightly soluble in water. The crude product obtained 
in this preparation gives a residue insoluble in boiling alcohol and 
in the usual organic solvents. I t is 2 : 5 - dichloromercuri-3 : 4 -
dimethyl thiophene, which does not melt at 270° C. 

The corresponding %-iodomercuri compound is prepared from acetone 
solutions of the chloride and sodium iodide. I t gives yellowish plates 
from benzol, M.pt. 142° C, easily soluble in acetone, carbon bisulphide, 
chloroform, or warm benzene and toluene, sparingly in alcohol. The 
ih'weijanato compound, recrvstallised from alcohol, melts at 178c to 
170°'C. 

5~Chloromercuri-2 : 3-dimethylthiophene, 

S 

may be prepared from 140 grams of mercuric chloride solution, 30 grams 
of sodium acetate solution, 140 grams of alcohol, and 2 grams of 2 :8-
dimethylthiophcne. A yield of 0 grams (97 per cent.) is obtained in five 
days. I t crystallises from benzene in matted crystals, M.pt. 213° to 
214° C, easily soluble in cold pyridine or quinoline and sparingly in 
acetone unless heated. No dichloromercuri compound is obtained. The 
thiocyanate derivative forms matted crystals from much ethyl acetate, 
decomposing on heating at about 240° C. 

5-Chloromercuri-4-hydroxy-4 : 5-dihydro-2 : 4-dimethylthi-
ophene mercuric chloride, 

, jMe.OH 
1 1 .HgCla 

Me^HgCl 
S 

A saturated solution of mercuric chloride (264 grams), 54 grams of 33 
per cent, sodium acetate, 240 grams of alcohol, and 3-0 grams of 2:4-
dimethylthiophene are allowed to stand for fifteen hours, when 12-7 grams 
of precipitate are collected. Yield G2 per cent. I t forms fine crystals 
from benzene, M.pt. 167° to 168° C, and has the usual solubilities. 

5-Chioromercuri-2:4-dimethylthiophene.—When 41 grams of 
the above compound are boiled for thirty minutes with 500 c.c. of alcohol, 
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19 grams of product are obtained, the filtrate yielding unchanged 
mercuric chloride addition product. After two crystallisations the body 
melts at 138° to 139° C. I t is readily soluble in cold acetone, moderately 
soluble in carbon disulphide, sparingly in cold benzene, ethyl acetate, or 
alcohol, but easily soluble on heating. With sodium thiocyanate (2 
mols.) in acetone solution, i t yields mercury 2 : 4 : 2 ' : 4'-tetramethyl-
5 : 5'-dithienyl. The corresponding thiocyanate) compound is crystallised 
from alcohol, sinters at 170° C, and melts at 173° to 175° C. I t is only 
sparingly soluble in the usual solvents in the cold and not very readily 
on heating. 

3-Chloromercuri-2 : 5-diphenylthiophene, 

I jHgCl 

s 
In order to prepare this substance 2 : 5-diphenylthiophene (3-4 grams) in 
GOO c.c. of alcohol is treated with 50 grams of saturated mercuric chloride 
solution and 10 grams of 33 per cent, sodium acetate solution, and after 
twelve days a 0-3 gram or 11 per cent, yield is formed. The reaction 
can be made quantitative by altering the above quantities to 4 grams of 
the thiophene in 400 c.c. of alcohol, 160 grams of sublimate solution and 
28 grams of acetate solution, and boiling the mixture for two and a half 
hours. The whole is filtered, washed with a little cold alcohol, and re-
crystallised from xylene. I t forms matted crystals, melting at 221° to 
222° C, readily soluble in acetone or in hot xylene or toluene, sparingly 
in cold benzene, chloroform, or alcohol. I t is transformed by sodium 
thiocyanate (2 mols.) in acetone, to mercury 2 : 5 : 2 ' : 5'-tetraphenyl-
3 : S'-dithienyl. The latter substance with mercury thiocyanate in 
acetone is converted into the 3-thiocyanatomercuri derivative, which 
sinters at 180° to 200° C, but remains black and unmeltecl at 265° C. 

Dihydronaphthalene Compounds. 

2-Acetoxymercuri-3-hydroxy-tetrahydronaphthalene,1 

^ / ^ C H . H g O A c 

\A/CH.0H 
CH2 

A mixture of naphthalene and dihydronaphthalene is dissolved in ether 
and shaken with an aqueous solution of mercuric acetate. After twenty-
four hours long needles of the acetate separate. I t may be recrystal-
lised from benzene or ligroin, the product melting a t 122° C. I t is 
soluble in potassium hydroxide, and if potassium bromide be added and 
carbon dioxide passed in, the bromide is precipitated. I t crystallises 
from benzene in glistening crystals, M.pt. 159° C. The corresponding 
iodide is prepared from the acetate by treatment with potassium iodide, 
and when crystallised from benzene melts at 156° C , turning red. All 
the above salts are decomposed by 30 per cent, hydrochloric acid, 
naphthalene-free dihydronaphthalene being regenerated. 

1 Sand and Gennsler, Ber.t 1903,3&> 36£9. 
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Mercury Derivatives of Aromatic Compounds containing Halogen, 
Nitro, or Sulphonic Acid Groups. 

In the case of halogen-substituted hydrocarbons it has been found 
that the sulphinic acid method of introducing the mercury gives the best 
results,1 and it is preferable to methods of direct mercuration using 
mercuric acetate at high temperatures. 

p-Chlorophenylmercuric acetate.—p-Chlorobenzene sulphinic 
acid, prepared from p-chloroaniline by Gatterman's method, is dissolved in 
glacial acetic acid, and a solution of three molecular equivalents of mercuric 
acetate in the same solvent added, and the whole boiled for fifteen 
minutes. The sulphinic acid is completely converted to the mercury 
compound, and is obtained by filtering the reaction mixture, and pre
cipitating with water. Yield 70 per cent. The acetate is a white, 
crystalline solid, M.pt. 193° C., which yields pure p-chloronitrobenzene 
when treated with concentrated nitric acid at 65° C. for ten minutes. 
A suspension of the acetate in 10 percent, aqueous potassium bromide, 
when treated with a slight excess of 10 per cent, bromine in 10 per cent, 
potassium bromide and shaken for one hour, yields p-chlorobromo-
benzene. 

p-Chlorophenylmercuric chloride is obtained by treating an 
alcoholic solution of the acetate with 10 per cent, sodium chloride. 
It is a white solid, M.pt. 225° C, and may be crystallised from alcohol. 

p-Bromophenylmercuric acetate, a white crystalline solid, M.pt. 
196° C, is prepared as the chloro compound. I t may be converted by 
nitric acid to p-bromonitrobenzene, and by sodium chloride to the 
corresponding chloride, M.pt. 250° C. 

p-Iodophenylmercuric acetate, which melts at 191° C, is also 
known. The mercury may be replaced by bromine in potassium 
bromide solution, giving a bromo-iodobenzene. 

o-Chlorophenylmercuric acetate is a white, crystalline solid, 
M.pt. 115° C.; the corresponding chloride melts at 145° C. 

o-Bromophenylmercuric acetate may be prepared in the usual 
way. I t melts at 124° C.; the chloride melts at 155° C. and sublimes at 
100° C. It yields o-dibromobenzene when treated with bromine in 
acetic acid solution. 

m-Chlorophenylmercuric acetate is a white solid, melting at 
133° C. I t is soluble in alcohol, glacial acetic acid, benzene, or acetone, 
and slightly soluble in ether. The chloride is best recrystallised from 
alcohol and melts at 210° C. 

m-Bromophenylmercuric acetate is a white, crystalline solid, 
melting at 160° C. The chloride melts at 190° C, and yields m-dibromo-
benzene by the usual treatment. 

Derivatives of Nitrobenzene. 

o-Nitrophenylmercuric chloride, N02.C6H4.HgCl,a is prepared 
as follows:— 

1. Mercuric acetate, together with five times its weight of nitro-
1 Hanke, J. Amer. (Jhem. S<K„ 1923, 45, 1321. 
a Diraroth, Ber,r 1902, 35, 2032; Annate*, 1925, 446, 148; Kharaseh and Chalkley, 

J. Amer. Chtm. Soc. 1921, 43, 607. J 
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benzene, is heated in an oil-bath to 150° C. until a test portion treated with 
dilute sodium hydroxide does not give a precipitate of mercuric oxide. 
When the mass is cooled a small quantity (0*6 per cent.) of mercuric 
acetate crystallises out, and the mixture is filtered, the filtrate being 
decomposed by sodium chloride, and steam distilled. After cooling, a 
solid is obtained which is dried and extracted with ligroin, from which 
solvent pale yellow needles are deposited, several recrystallisations from 
acetic acid giving small, yellowish plates, M.pt. 181° to 182° C. (Dimroth).1 

2. The starting material in this preparation is o-nitrobenzene sul-
phinic acid, which may be prepared from o-nitroaniline by the diazo-
reaction. Two grams of this acid in 20 c.e. of alcohol are added to 
6 grams of mercuric chloride in a mixture of 20 c.c. of alcohol and 20 c.c. 
of water, and the resulting solution boiled for forty-five minutes. The 
precipitate is extracted with acetone, the solvent evaporated, and the 
residue crystallised from 95 per cent, alcohol, when faint yellow crystals, 
M.pt. 185° C. (corr.), are obtained. Yield 3 grams (78 per cent.). 

The chloride is very soluble in acetone, soluble in hot alcohol or 
ether, only slightly soluble in water. When treated with bromine in 
potassium bromide for two hours on a shaking machine, and then 
extracted with ether, o-bromonitrobenzene, M.pt. 41° to 42° C, is 
obtained, which shows the mercury to be in the ortho position to the 
nitro group. No mercuric sulphide is obtained when the chloride is 
acted upon by ammonium sulphide, but when boiled with hydro
chloric acid nitrobenzene results. During the direct mercuration of 
nitrobenzene, mercury o-o'-dinitrodiphenyl, M.pt. 206° C„, is also formed.2 

m - N i t r o p h e n y l m e r c u r i c chloride.—Eight grams of the sodium 
salt of m-nitrobenzene sulphinic acid in 40 c.c. of water are added to 
21 grams of mercuric chloride in 100 c.c. of alcohol, and slightly more 
glacial acetic acid added than is required to liberate the sulphinic acid, 
after which the mixture is boiled for twenty hours. Extraction of the 
residue with acetone and recrystallisation from alcohol gives white 
crystals, melting at 236° to 237° C. Yield 5-7 grams (42 per cent.). 
The compound is less soluble in acetone or alcohol than the ortho 
derivative. 

p - N i t r o p h e n y l m e r c u r i c chloride is prepared in a similar manner 
to the ortho compound, but the yields are very poor, even after fifteen 
hours' boiling. I t crystallises from alcohol in colourless crystals, M.pt. 
265° to 266° C. (corr.) with decomposition. 

2 : 4 : 6 - T r i n i t r o p h e n y l m e r c u r i c chloride, C6H2(N02)3.HgCl, 
melting at 202° C, is obtained by heating 2 : 4 : 6 : 2 ' : 4' : 6'-hexanitro-
diphenyl with alcoholic mercuric chloride. When treated in aqueous 
suspension with iodine in potassium iodide solution it yields 2 : 4 : 6 -
trinitro-iodobenzene.3 

Derivatives of Nitrotoluenes, 

Ortho and p-nitrotoluenes are readily converted to mercury deri
vatives when boiled with mercuric oxide in the presence of sodium 
hydroxide, the metal in the compounds entering the side chain under 
these conditions. The derivatives of p-nitrotoluene and 2 ; 4-dinitro-

1 See Dimroth, Aniialen, 1926, 446,148; Jiirgens, Mec. trav, (Mnv,, 1926, 45, 61. 
s YVibaut and Jiirgens, Verslag, Akad. Wetensch. Amsierd&m, 1922, 29, WJi. 
3 Kkarascli, J. Amet. Qh&m*. Soc, 1921, 43, 2238* 
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toluene, however, are very difficult to obtain in the pure state, but 
o-nitrotoluene yields two well-defined compounds.1 

o-Nitrobenzylmercuric chloride, NO2.C6H4.CH2.HgCl, yields 
colourless needles, M.pt. 145° to 146° C, easily soluble in acetone or 
benzene, with difficulty in alcohol or ether ; from its solutions in caustic 
alkali it is precipitated by acid.2 

o-Nitrodimercuribenzylidene oxide or anhydride of o-ni t ro-
benzal dimercuric hydroxide, 

N08.C6II4.CH< > 0 

The mercuric oxide obtained from 297 grams of mercuric chloride by 
treatment with cold sodium hydroxide is well washed and added to a 
solution of 44 grams of sodium* hydroxide in 2500 c.c. of water and the 
whole heated to boiling under a "reflux condenser, bumping being pre
vented by passing in a current of air. o-Nitrotoluene, 75 grams, is then 
added in'small portions, the operation taking nine hours, and the whole 
is then boiled for 3 -5 hours. From this mixture 291 grams of crude, dry 
oxide are obtained, yield 96-4 per cent. When hydrochloric acicl is 
added to the mother-liquors 5-2 grams of crude o-nitrobenzylmercuric 
chloride are precipitated. The crude oxide is dissolved in acetic acid, 
and precipitated by adding excess of sodium hydroxide, when dark 
yellow, crystalline masses are isolated, M.pt. 220° C. 

The oxide is partially decomposed by hydrogen sulphide into mer
curic sulphide and o-nitrotoluene, and by zinc dust and sulphuric acid 
it is reduced to o-nitrotoluene and mercury. When heated with nitrous 
acid it gives o-nitrobcnzaklehyde, which is also formed together with a 
small proportion of o-dinitrotolane, N02,CsH4.CsC.C6H4.NOas by boil
ing with nitric acid. The oxide, when treated in the cold with nitrous 
and hydrochloric acids, yields approximately molecular proportions of 
o-nitrobenzaldehyde and its oxime, the dinitrite formed by the nitrous 
acid being converted into the oxime by the hydrochloric acid, via a 
hypothetical nitroso derivative : 

XOo .C6H,.CII(HgN02)2+2HCl-HN02+H2O+N02 .C6H4 .C(N0)(HgCl)2 
N02.C6H4.C(NO)(HgCl)2+2HCl-X03.C6H1.CH=NOH+2HgCl2 
2XOa .CeH,.CH=XOH+4HN02=2NOa .C5H4 .CHO+4NO+N20+3HaO 

The oxide is in general very stable towards acids and alkalies, but 
when boiled with 20 per cent, hydrochloric acid it is transformed into 
anthranil. Treatment with chlorine in presence of an excess of hydro
chloric acid gives o-nitrobenzylmercuric chloride, and bromine and iodine 
yield the corresponding halides. 

The following salts have been prepared :— 
Sulphate, X02.CeH4.CH=Hg2=S04.^—Forms pale yellow, broad 

needles or plates, giving with sodium hydroxide the free base, and on 
boiling with water an orange-yellow, basic sulphate, (N02.C6H4.CH(Hg 
OH)HgW304. 

Chloride, a pale yellow, amorphous compound, formed by adding dilute 
1 Beissert, Ber.t 1907, 40, 4209; German Patents, 182217, 182218; see Burton, 

Hammond, and Kenaer, J, Ohem. $oc, 1926, p. 1802. 
s For preparation, see oxide, below. 
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separates in small, felted, shining needles, M.pt. 210° C. _ I ts solubilities 
and general properties are similar to those of the 4-isomeride. 

S-Ghloromercuri-S-nitrotoluene.1—The mercuration is carried 
out by the method described under 4-chlorornercuri-2-nitrotoluene. 
The crude product of mercuration is extracted with hot acetone, the 5-
chloro compound remaining undissolved. I t crystallises from glacial 
acetic acid in colourless, feathery needles, M.pt. 294° C , which yield 
5-bromo-3-nitrotoluene by treatment with bromine in potassium 
bromide solution. 

4 - C h l o r o m e r c u r i - 3 - n i t r o t o l u e n e crystallises from the hot acetone 
extractions described above. I t forms pale yellow needles, sintering 
at 207° C. and melting at 210° C. (eorr.). I t may be converted into 
i-bromo-3-nitrotoluene. The presence of 6~chloromercuri-3-mtro-
toluene in the mercuration products has also been proved. 

Pure products cannot be obtained by the mercuration of p-nitro-
toluene with mercuric acetate a t 140° C , so tha t the derivatives have 
been prepared from nitrotoluene sulphinic acids. 

2-Ghloromercuri-4-nitrotoluene is obtained by boiling 4-
nitrotoluene-2-sulphinic acid with a 50 per cent, aqueous alcoholic 
solution of mercuric chloride. The product is washed with 50 per cent. 
alcohol, dried, and extracted with acetone, the compound separating out 
in feathery needles, M.pt. 230° to 231° C. (corr.). 

3-Chloromercuri-4-nitrotoluene is prepared from the sulphinic 
acid in the usual way. I t crystallises in colourless needles, M.pt. 226° to 
227° C. (corr.), which may be converted into 3-bromo-4-nitrotoluene. 

Derivatives of Aromatic Sulphonic Acids. 2 

Mercuration of p-toluene sulphonic acid.—The sulphonic acid 
(190 grams) is dissolved in 750 c.c. of water and 35 c.c. of acetic acid, and 
the solution boiled and filtered. Mercuric acetate (320 grams) is treated 
in exactly the same way and the two solutions mixed whilst boiling 
and boiled for one hour. A sample diluted with an equal volume of 
water and treated with sodium hydroxide then gives a clear solution, 
and the mercuration is considered complete. The mixture is filtered 
whilst boiling, and the solid, 81 grams, rejected; the filtrate on cooling 
yields 135 grams of a crystalline product. This is extracted with 
water in a Soxhlet apparatus, a crystalline solid being isolated, which is 
soluble in warm water, alkali, and salt solutions. When air-dried the 
formula corresponds to I . ; when dried over calcium chloride, I I . ; and 
dried in vactut over phosphorus pentoxide, III. 

CH5 0H3 CHa 

/ X i g O H / \ H g O H , / Y - H g 

i I I I I 
\ / V \ y 
S(OH)5 SO*H S0 3— 

I. I I III. 

The mercury in these compounds may be replaced by iodine, when 
2~iodotoluene-4-sulphonic acid is obtained. 

1 Coffey, J. Okem. Soc„ 1926, p. 3215. 
2 Whitniore and Ekrenfeld, J. Amer. C/iem. Soc,M 1926, 49, 789. 
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The following substances have also been mercurated, but analysis 
indicates that the products are mixtures: benzene sulphonic acid and its 
sodium salt, sodium p-bromobenzene sulphonate, p-iodobenzene sul
phonic acid, 2:5-dichlorobenzene sulphonic acid, m-nitrobenzene sul
phonic acid, o-toluene sulphonic acid and its sodium salt, sodium p-
toluene sulphonate, 2-chlorotoluene-5-sulphonic acid. The mercuration 
of the sodium salts is a much slower process than in the case of the free 
acids. 

* 



* 

CHAPTER VII. 

MERCURY (continued). 

DKKIVATIVES OF AROMATIC AMINES. 

ALL the amines dealt with in the present chapter may be directly 
mercurated by means of mercuric acetate, but it is impossible to predict 
how maiiv mercury residues can be introduced into a given compound 
by comparing it with similar derivatives. This is clearly shown by 
comparing the chloro- and nitro-anilines. Whilst four different acetoxy-
mercuri derivatives may be obtained from the ortho compound of the 
former, the meta compound only yields a triacetoxymcreuri derivative 
and the para compound a mono mercurated product. o-Nitroaniline, 
however, gives a monomcrcurated compound, and the meta and para 
bodies yield mono- and di-mercurated products. 

From the table on p. 112 it will be seen that when a ring-substituted 
aniline has the para position to the amino group unoccupied, mercury 
invariably enters that position. A similar statement holds for the ortho 
position to the amino group, but should these two be filled, the mercury 
may enter the 6 position, if vacant. 

I t is also interesting to note that when the amino group in aniline 
is substituted by basic groups, mercury compounds have always been 
obtained having the metal in the para position to the amino group, but in 
the case of the esters of the a-anilido fatty acids, the mercury always 
enters the ortho position to the substituted amino group, and in some 
cases the para position as well. 

Iu the case of the naphthylamines, the a-componnd yields a diace-
toxymercuri derivative, but /3-naphthylamine gives only a mono-
mereurated product. 

The acetoxymercuri compounds formed above are converted to 
chloromercuri salts by the addition of sodium chloride, and to the 
hydroxides by means of sodium hydroxide. When the amino group is 
not substituted, water may be eliminated between this group and the 
hydroxymereuri residue, yielding an anhydride, e.g. p-aminophenyl-
mercuric hydroxide is considered to exist as 

HN.CeH4.Hg or N H = C 6 H 4 - H g 

In the case of the esters of a-anilido fatty acids and tolylglycine 
esters, the acetoxymercuri compounds when saponified by sodium 
hydroxide, eliminate water between the hydroxy mereuri residue and 
the earboxyl group, thus forming anhydrides of the type 

mi CH2 

< i 
XHg—0—CO 

110 
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The acetoxymercuri derivatives from aniline, substituted aniline, 
and toluidine compounds, when treated with aqueous sodium thio-
sulphate give mercuri-bis products of the type R2Hg, sometimes with 
the formation of a thiosulphate as an intermediate product, 

RHg.S203Na 

Other modes of forming the mercuri-bis compounds in special cases 
are as follows :— 

1. 6-Acetoxymercuri-2: 4-dichloroaniline with sodium hydrogen 
sulphate gives 6-mercuri-bis-2 : 4-dichloroaniline. 

2. p-Merciiri-bis-monomethylaniline is formed from the corre
sponding hydroxide by the action of sodium sulphide. 

3. p-Mercuri-bis-dimethylaniline may be obtained by the preceding 
method, or from p-bromodimethylaniline by the action of sodium 
amalgam in the presence of ethyl acetate, or from the chioromercuri 
derivative hy the action of metallic copper in pyridine solution. 

4. o-Acetoxymercuri-p-bromodimethylaniline is converted into the 
R2Hg compound by boiling for eight hours with potassium iodide in 
alcoholic solution. 

5. Mono- and diethylaniline derivatives undergo the same reactions 
as under 2 and 3. 

The diacetoxymercuri-o-chloroanilines when treated with sodium 
thiosulphate give compounds containing two benzene nuclei attached 
by two mercury bridges, and a doubly bridged mercury compound is also 
obtained when 2 : 2' : 4 : 4'-tetrachloromercuri diphenylamine is boiled 
with pyridine. 

The following derivatives are stable towards ammonium sulphide : 
p - acetoxymercuri-o-nitroaniline, o - acetoxymereuri-p-bromodirnethyl-
aniline, 2 : 4-diacetoxymereuri-a-naphthylamine, and p-dimethylamino-
phenylmercuric acetate. If the latter compound be boiled with potas
sium iodide solution, then treated with hydrogen sulphide, only traces 
of mercuric sulphide are produced. Mercury compounds from JS-
naphthylamine, jS-naphthylamine-G-sulphonic acid, 1 : 5-naph thy 1 amine 
sulphonic acid are decomposed by ammonium sulphide, whilst naphthi-
onic acid derivatives are only slowly attacked. 

The following methods have been used for substituting mercury 
residues in amines by halogens, in order to find the position of the 
mercury in the nucleus :— 

1. Treating an acetic acid solution of the compound Math chlorine 
in the presence of calcium chloride. 

2. By the action of bromine in acetic acid solution. 
3. By the use of iodine in potassium iodide. 
4. By treating the compound with potassium perbromide. 
The following scheme shows the position taken up by mercury in 

mercurated amines, the figures on the right indicating the position in the 
nucleus. The terms mono, di, or tri indicate that a monomercuri, etc., 
derivative is formed, but its position has not been determined. All 
the rings are numbered in a clockwise direction commencing from the 
top, irrespective of the group occupying that position. This method of 
numbering applies only to the table, the nomenclature in the text being 
that in current use. 
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NH.CH2.Ph 
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Me 
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DERIVATIVES OF ANILINE. 

When aniline is treated with mercuric acetate in aqueous solution at 
room temperature a mixture of o- and p-aminophenylmercuric acetates 
is formed. 

NH2 NH2 

/ \ H g . O A c j / X 

Hg.OAc 

In the earlier work on the mercuration of aniline, the para compound 
was obtained by Pesci, and he apparently found its molecular weight 
to be twice that required by the above formula. This error led him to 
formulate many substituted amines incorrectly, and many of the earlier 
formula* have since had to be revised. 

p - Amiaophenylmercuric acetate.1 — The most satisfactory 
method of preparation for this compound is the one described by Dim
roth as follows ; To 31-8 grams of mercuric acetate in 160 c.c. of water, 
18-6 grams of aniline are added. In about three hours, short, thick, 

2 Pesci, Gazzetia, 1892, 22, I 373; AUi. R Accad. Linc&i, 1892, (5), i. 312 ; Chem. 
Zentr., 1892, ii. 213 ; Piecinini and Ruspaggiari, Gazzetta, 1892, 22, ii. 604; Pesci? 
Zeitech. amrg. Chem., 1897, 15, 208 j Gazzetta, 1897, 27, i. 567 ; Dimroth, Ber., 1902, 35, 
2032; Vecchiotti, Gazzetta, 1914, 44, ii. 1350; Reitzenstein and Bonitsch, J , prakt, 
Chem., 1912, [2], 86, 73. 
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hard, pale yellow prisms separate. These consist of practically pure 
p-aminophenylmercuric acetate, and are filtered off. On further stand
ing a second crop of crystals is obtained, but these contain some ortho 
compound. Yield, 40 grams of pure para and 3 grams of ortho 
derivative. 

Less satisfactory preparations are: (1) Mercuration of aniline acetate 
with mercuric oxide, (2) from N-mereuri-aniline, 

C 6 H 5 N H ~ H g - N H C 6 H 5 

by the action of mercuric acetate, acetic acid, or concentrated aniline 
acetate solutions. 

The compound crystallises in prisms, M.pt. 106° to 167° C.s is in
soluble in water or ether, and with difficulty in alcohol or chloroform, 
although it may be recrystallised from the latter solvent without change 
of melting-point. I t possesses basic properties, turning red methyl 
orange yellow in aqueous solution, and it is soluble in dilute mineral 
and acetic acids. When treated with cold acetic anhydride it yields an 
acetyl derivative, which crystallises as glistening needles from boiling 
water, M.pt. 220° to 221° C. The same compound was isolated by 
Pesci from acetanilide and mercuric acetate, the melting-point being 
given as 218° to 220° C.1 

Salicylaldehyde in absolute alcohol gives a mercurated Schiff's base, 
small, yellow crystals decomposing at 185° C.2 

The acetate can also be diazotised and coupled in the usual way, azo 
dyes containing mercury being produced. 

Condensation with Dinifrophenylpyridinium Chloride? 

Five grams of the acetate in 450 c.c. of boiling alcohol are treated with 
1*2 grams of the pyridine compound in the same solvent. A red colora
tion immediately appears, and a brown solid separates. The reaction is 
completed by warming for one hour on the water-bath. The cooled 
mixture is filtered, the residue washed with alcohol, then extracted 
with acetone, until no residue remains on evaporation. The dried 
product is a brown powder, M.pt. 244° C , insoluble in the usual 
solvents. Yield 3 grams. The substance probably has the following 
constitution:— 

Hg.OAc Hg.NH.CGH3(NO,)2 

1 1 1 i 
I I I I 

N-(CH)5—NH 

H CI 
A secondary reaction also takes place, giving a small quantity of 

substance blackening a t 180° C. and not melting at 250° C. This is 
isolated from the nitrate and corresponds to the formula : 

1 Pesci, Gazzetta, 1894, 24, ii. 449 ; 1899, 2% i. 397. 
2 Jacobs and Heidelberger, J. Biol. Chem.> 1915, 20, 518. 
3 Reitzensfcein and Stamm, J. praH.Vkem., 1910, [2], 81, 154. 

VOL. XI. ; I . 8 
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Hg.OAc HgOH 

H CI 
If the above reaction be carried out in cold acetone solution, and 

water added after the reaction is complete, a brown precipitate is thrown 
down. This 'is extracted with acetone as before, a brown crystalline 
powder being obtained. I t melts at 164° C, and is insoluble in all 
solvents. Yield 30 to 40 per cent. The filtrate yields dinitroaniline. 
The product is formulated as : 

Hg.OAc Hg.OAc 
/ \ / \ 
I ! i I 
i I I I 
V V 

K-(CH)5—NH 
H CI 

Condensation with Propargyl Aceial (acetal of (3-ethoxy-acraldehyde).1 

1. In alcohol—hydrochloric acid solution. Five grams of acetate 
(2 mols.) in 450 c.c. of alcohol are treated with 0-91 gram of propargyl 
acetal (1 mol.) and the mixture boiled for six hours. To the cold 
solution 1-47 grams of 35-39 per cent, hydrochloric acid are added, a pale 
yellow powder being obtained. I t decomposes at 180° C. and no 
formula has been assigned to it. 

2. In aqueous acetic acid solution. The above quantities were 
again used and the mixture warmed on the water-bath for a day. A 
yellow body is obtained, 0-3 gram, decomposing at 180° C. This sub
stance agrees with the formula, 

AcO.Hg.CGH4.NH.CH3-N,C6H4.Hg.OAc.HOAc 

When treated with alkali halides, the corresponding p-aminophenyl-
mercuric halides are formed, and with alkali hydroxides the hydroxide 
is produced. 

p -Aminopheny lmercu r i c hydrox ide , NH2.C6H4.HgOH.—Since 
it appears doubtful whether this compound exists, it is1 usually formu
lated as an anhydride, 

HN.C6H4.Hg or H N = C « H 4 = H g 

The corresponding acetate in dilute caustic alkali is treated with 30 
per cent, potassium hydroxide until a precipitate is obtained. This is 
filtered and dried. Its solutions are strongly alkaline, and it readily 
forms salts with acids. In water it is only slightly soluble, and if the 
solution is heated with alkali sulphides a precipitate is formed, which 
consists of mercuric sulphide and p-mercuri-bis-aniline. The end 
product of the action of methyl iodide in methyl alcohol solution on the 
anhydride is HgI.C6H4.NMe3I, and when this is treated with barium 
hydrosulphide, mercuric sulphide is split off and the following substance 
remains, Hg(C6H4.NMe3I)2). 

1 Beitzenstein and Bonitach, J. prakt. Ckem., 1912, [2], 86, 73. 
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p -Aminopheny lmercur i c Halides and Sal ts . 

Chloride.—Five gramsof finely powdered acetate arc dissolved in 1-5 
litres of water, 10 c.c. of saturated sodium chloride solution are added, and 
the mixture boiled. The solution soon becomes clear, and after filtering 
glistening plates appear as the solution cools. These when recrystallised 
from alcohol or benzene melt with decomposition about 188° C. 

A second form of the chloride is known, this being amorphous. The 
acetate is dissolved in acetic acid and the calculated amount of aqueous 
sodium chloride added. The chloride comes down as a faint yellow 
precipitate. I t is insoluble in water, alcohol, or dilute acids. 

The crystalline chloride was obtained in 30 per cent, yield by Reitzen-
stein and Stamm. the acetate and sodium chloride solution being boiled 
for thirty minutes. The plates, which were recrystallised from benzene, 
melted at 240° C. When treated with sodium thiosulphate, p-amino-
phenylmereuric thiosulphate is formed, and from the amorphous form 
Pesci isolated a crystalline product by the action of alcoholic aniline 
hydrochloride. I t crystallised in fine, colourless needles, decomposing 
above 150° C. 

Condensation with Dinitropkenylpyridinium Chloride. 

To 3 grams of the chloride in 500 e.c, of boiling alcohol, 1-29 grams 
of the pyridine compound in alcohol are added ; the solution immedi
ately becomes yellow, and later red. The mixture is boiled for one hour, 
cooled, and filtered. The reddish-brown residue is washed with boiling 
acetone, and dried over sulphuric acid. The red-brown powder melts 
at 125° C, and is insoluble in most organic solvents. Yield 50 per cent. 
Formula : 

ClHg/ \ N - (CH) 5—NH <( ^HgOH 
\ / / x \ / 

H CI 

If the reaction be carried out in cold acetone, and the pyridine com
pound dissolved in methyl alcohol, the solution becomes deep red on 
mixing, and in two hours a reddish precipitate separates. This product 
melts at 151° C.? and is insoluble in most organic solvents. Yield 30 to 
40 per cent. 

Condensation with Propargyl Acetal. 

1. In benzene solution. Two grams of the chloride (2 mols.) in 
500 c.c. of boiling benzene, and propargyl acetal (1 mol.) are boiled for 
two hours. Benzene saturated with hydrogen chloride is added, and 
yellow flocks separate. These are filtered and washed with ether, giving 
a very light, pale yellow powder. 

2. In hydrochloric acid. Five grams of chloride in 200 c.c. of 
water, 0*78 gram of hydroehlorie acid (density 1-19), 0-98 gram of 
propargyl acetal are warmed for a day on the water-bath. An orange-
yellow body (5 grams) separates. I t sinters at 210° C. and probably 
has the formula : 

HgCl.C6H4.N=CH3.NH,C«H4.HgCl 
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Condensation zcith IZtlioxy acrolein AcetaL 

If the reaction be carried out as above, an orange-coloured body is 
obtained, which darkens at 1C0° C. and melts at 190° C. Formula : 

. yOEt 
ClHg< \KH - CH - CH - CH< 

The following p-aminophenylmercuric salts are obtained by the 
action of the corresponding alkali salts on the acetate: bromide, 
colourless laminae, M.pt. 182° C.; iodide, M.pt. 165° C. (with decom
position) ; nitrate, microscopic crystals : sulphate, needles, M.pt. 150° C. 
(with decomposition); thiosulphate, colourless plates, M.pt. 95° C. 
(with decomposition). 

p-Mercuri-bis-anil ine, (NH2C6H4)3Hg.—This product is most 
readily formed by heating the above thiosulphate with water, p-
Mercuri-bis-aeetanilide heated at 100° C. in sealed tubes with alcoholic 
potassium hydroxide yields the same compound. I t crystallises in 
colourless needles, M.pt. 174° C. (with decomposition), 

o-Aminophenylmercuric acetate occurs as previously stated in 
small yield in the mother-liquors from the para compound. I t has 
similar properties to its isomer, and is readily soluble in dilute mineral 
acids, acetic acid, or dilute alcohol, crystallising from the latter in 
pearly plates, M.pt. 158° to 160° C. The acetyl derivative is made from 
its components with ice cooling, and crystallises from acetic acid in 
plates, M.pt. 156° to 158° C. These when treated with aqueous bromine 
in potassium bromide solution yield o-bromoaeetanilide, which proves 
the constitution of the mercury compound. 

Condensation with Birdtrophenylpyridinium Chloride. 

The acetate (2-5 grams) in 400 c.c. of acetone is treated with an 
acetone solution of the pyridine compound. A slight evolution of heat 
takes place, the liquid becomes red, and a red precipitate separates. 
The solvent is evaporated in vacuo. Yield 0-7 gram. Formula : 

Hg.OAe H Gi Hg.OTC6H3(NO 2)Z 

p-Aminophenylmercuric chloride, obtained by adding sodium 
chloride to the acetate in acetic acid, recrystallises from*the latter in 
long, colourless plates. It may be isolated from the mixed acetates 
formed during the mercuration of aniline by dissolving them in acetic 
acid and adding sodium chloride, a mixture of amorphous para chloride 
and crystalline ortho chloride being obtained. These can be separated 
by warm alcohol, in which only the ortho chloride is soluble. 

2 :4-Diacetoxymercuri aniline,1 

OTT2 

^jHg-OAc 

Hg.OAe 
1 Vccchiotti, Gazzetta, 1914, 44, it 1350 ; Ghem. Zentr., 1914, & 1350 : Pesci Ghem 

Zek.7 1899, 23, 58; Gazsetta, 1899, 29, i. 394. 
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A mixture of 23-25 grams of aniline and 160 grams of mercuric acetate in 
200 c.c. of water is allowed to stand for two days. The deposit of crystals 
is suspended in ammonium acetate solution, brought into solution by 
the addition of ammonium hydroxide, the mixture neutralised by acetic 
acid, and the precipitate allowed to stand for twelve hours. I t is then 
washed with dilute acetic acid, and the above operation again repeated. 
I t crystallises in warty prisms, M.pt. 200° C, soluble in acetic acid or 
ammonium hydroxide, slightly soluble in boiling wTater, and insoluble in 
alcohol. When boiled for twelve hours with acetic anhydride, the 
acetyl derivative is formed as colourless, microscopic tetrahedra, M.pt. 
220° C. The mercury may be removed by bromine in acetic acid 
solution, 2:4-dibromoacetanilide being obtained, this proving the position 
of the mercury in the nucleus. When the diacetate is triturated with 
water and treated with potassium hydroxide, the dihydroxymercuri 
compound is formed. I t crystallises in microscopic needles, decompos
ing at 350° C.j slightly soluble in boiling water, insoluble in alcohol. 

DERIVATIVES OF HALOGENATED ANILINES. 

p-Acetoxymercur i -o-chloroani l ine . 1 —This product is one of a 
series of four derivatives obtained from the interaction of o-chloroaniline 
and mercuric acetate, in aqueous or dilute alcoholic solution. I t 
crystallises from alcohol in white needles, M.pt. 134° C , and when 
treated with alkali, forms an hydroxide, decomposing at 205° C. The 
latter compound, or the acetate, when treated with aqueous sodium 
chloride yields the chloride^ a compound decomposing at 174° C. 

The acetate when acetylated gives a crystalline product, M.pt. 238c 

to 239° C , and this when dissolved in acetic acid and treated with 
calcium chloride and chlorine gives o-p-diehloroacetanilide, showing 
the position of the mercury in the nucleus. 

p-Mercuri-bis-o-chloroaniline, M.pt. 138° C , is prepared in the 
usual manner by the action of sodium thiosulphate on the acetate. 

A second monoacetoxymercuri compound, isomeric with the above, is 
isolated from the products of mercuration. I t crystallises in yellow 
needles, M.pt. 143° C , but the position of the mercury has not been 
determined. 

The other two compounds from o-chloroaniline are diacetoxy deri
vatives. 

4 :6-Diacetoxymercuri-o-chloroaniIine, NH2.CcH2Cl(Hg.OAc}L, 
decomposes at 220° C , and yields an hydroxide decomposing at 250° C. 
and a chloride a t 190° C. The acetate gives an acetyl derivative, M'.pt. 
230° C . from which 2 : 4 : 6-trichloroaniline mav be obtained in the usual 
wTay. The acetyl derivative of the chloride decomposes at 276 C, The 
action of sodium thiosulphate on the acetate results in the production of 
a compound decomposing at 200° C , which is either 4 :6-mercuri« 
chloro-aniline (I.) or 4:6»dimercuri-bis-o-chloroaniIine (II.) 

CI 

(L) H g — | (II.) / V ~ H g ~ 7 \ . 
/ \ ™ j i ! 
| L ' C l ^ L H g J ^ 

4:5-Diacetoxymerctiri-b-chIoroanilme meits a t 232° C , and 
1 Veochiotti and Mjcketti, G'u&seUa, 1925, 55, 372. 
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its acetyl derivative at 230° C. The latter in the usual manner yields 
2:4:5-trichloroacetanilide. Concentrated sodium thiosulphate on the 
diacetatc produces either 4:5-mercuri-o-chloroaniline (III.) or 
4:5-dimercuri-bis-o-chioroaniline (IV.), decomposing at 100° C. 

(in.) H . />H» <lv-> K H ^ V ^ Y V -

6-Acetoxymercuri-2 ; 4-dichloroaniline l is prepared in the 
usual manner from 2:4-dichloroaniline and mercuric acetate in dilute 
alcoholic solution. I t melts at 170° to 171° C, forms a hydroxide and 
chloride, M.pt. 230° C. and 193° C. respectively. The acetyl derivative, 
M.pt. 283° C, yields 2:4:6-trichloroacetanilide. In this case a mer-
curi-bis compound is obtained by the action of sodium hydrogen sul
phate on the acetate. I t is G-mercuri-bis-2: 4>-dichloroaniline, M.pt. 
1GS° C. 

When m-chloroaniline is mereurated in aqueous solution, using 
mercuric acetate, no mono- or diacetoxy derivatives are obtained, but 
only a triacetoxy compound.2 

2:4:6-Triacetoxymercuri-m-chloroaniIine melts at 210° C. ; 
the trihydroxymercuri and trichloromercuri compounds decomposing at 
225° C. and 205c C. respectively. The triacetate when acted upon by 
chlorine in the presence of calcium chloride yields 2 : 3 : 4 : 6-tetrachloro-
aniline. 

o-Acetoxymercuri-p-chloroaniline3 crystallises in prismatic 
needles, M.pt. 207° C. It forms a hydroxide and chloride, the former a 
white precipitate, and the latter needles, M.pt. 205° C. When acetylated 
the acetate yields 2-acetovymercuri-p-chloroacetanilide, which is con
verted by chlorine to 2 : 4-dichloroacetanilide. 

o-Iodoanilinej unlike the corresponding o-chloroaniline, only yields 
one derivative when treated with mercuric acetate. 

4-Acetoxymercuri-o-iodoanilinemelts at 149° C.; the hydroxide 
has M.pt. 152° C.; the iodide, M.pt. 183° C. With iodine the acetyl 
derivative gives 2 : 4-cli-iodoacetanilidc.4 

Similarly, p-iodoaniline yields 2-acetoxymercuri-p-iodoaniline, 
M.pt. 179° C. ; an hydroxide, M.pt. 259° C.; an iodide, decomposing at 
105° C. ; an acetyl derivative, M.pt. 205° C, converted by iodine to 2 :4 -
di-iodoacetanilide. 

DEKIVATIVES OF NITKOANILINES.5 

p-Acetoxymercuri-o -nitroaniline, 

X A T 0 5 / \ ' 

Hg.OAc 

1 Vecchwitti and Carairi, Gazzetta, 1920, 56, 147. 
2 Vecehiotti, Gazzetta, 1926, $6, 216. 
3 Vecehiotti, Gazzetta, 1924, 54, 411. 
* Vecehiotti and Michetti, Gazzetta, 1920, 56, 480. 
5 Kliarasch, Lommen, and Jacobsohn, J. Amer. Ohem. tfoc, 1922, 44, 793. 
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To a solution of 9-2 grams of mercuric acetate in 15 c.c. of water 
containing a few drops of acetic acid, a solution of 4-7 grams of ©-nitro
aniline in 60 c.c. of alcohol is added, and the mixture boiled for one hour. 
The liquid is filtered whilst hot, and on cooling the compound separates. 
I t is recrystallised from alcohol containing a little acetic acid, yellow 
crystals being deposited. I t does not melt at 300° C, but turns red very 
gradually. I t is stable towards ammonium sulphide. 

p-Chloromercuri-o-nitroaniline is obtained from the preceding 
compound by adding aqueous sodium chloride or alcoholic calcium 
chloride to its alcoholic solution. I t is orange in colour and has no 
me]ting-point. Dilute alkali turns it red. 

Quinone- ( l ) - i m i d e a c i - ( 2 ) - n i t r o -(4) -mercury, 

\// 

Hg-0 
This compound is produced when any of the mercury derivatives of 
o-nitraniline are heated in the dry state or treated with dilute sodium 
hydroxide or even upon boiling with alcohol. The yields are 
quantitative. 

p-Acetoxymercuri-diacetyl-o-nitroaniline, AcO.Hg.CtiH3.NG2. 
NAc2.—The acetate is heated under reflux with acetic anhydride and 
ethyl acetate. A straw-yellow substance is deposited on cooling, M.pt. 
194° C. with decomposition, giving a yellow solution in sodium hydroxide. 
This compound may be converted to the monoacetylderivativehy suspend
ing it in water and adding dilute sodium hydroxide. A yellow solution 
is formed, from which dilute acetic acid gives a yellow crystalline 
product. I t dissolves in sodium hydroxide, giving a yellow solution 
which slowly deposits a red precipitate. I t decomposes at 194° C. 
The position of the mercury is proved by shaking the acetyl com
pound with potassium perbromide. when the mercury is replaced by 
bromine. 

p-Acetoxymercuri-m-nitroaniiine.—A solution of 9-6 grams of 
mercuric acetate in 40 c.c. of water is added to a solution of 4-2 grams of 
m-nitroaniline in 60 c.c. of alcohol, and the whole heated for three hours 
on the water-bath. The hot solution is filtered, and the solid residue 
repeatedly extracted with alcohol containing a little acetic acid. A 
dark-red residue remains, M.pt. 225° C , which is the diacetoxy compound 
below. The alcoholic extract is evaporated and the residue recrystal
lised from a mixture of alcohol and acetic acid. Yellow product, 
M.pt. 183° C. 

o-p-Diacetoxymercuri-m-nitroaniline,—Obtained as above or 
by boiling an alcoholic solution of 4-2 grams of m-nitroaniline with 19-4 
grams of mercuric acetate in aqueous solution until a test gives no 
mercuric sulphide when reaction mixture is treated with ammonium 
sulphide. Red compound, M.pt. 225° C. The acetyl derivative is a white 
compound, melting with decomposition a t 230° C. The position of the 
mercury is determined by the aid of potassium perbromide. 

o-Acetoxymercuri-p-nitroaniline.—This substance is best pre
pared similarly to the corresponding o-nitroaniline? but i t may also 
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be isolated by treating the compound shown below with mercuric 
acetate. 

0—Hg 0 
(p-Quinone-imide aci-nitro mercury). 

The acetate is a yellow, crystalline compound, which is unchanged at 
300c C. Its acetyl derivative is a white, crystalline product. 

o-Chloromercuri-p-nitroanil ine is an orange-yellow product 
soluble in alkali. I t docs not melt below 300° C. 

2 : 6-Diacetoxymercuri-p-nitroaniline.—An alcoholic solution of 
9 grams of p-nitroaniline is boiled with an aqueous solution of 18*4 grams 
of mercuric acetate. Any monomercuri compound is removed from the 
residue by washing with hot alcohol containing a little acetic acid, and 
the product is then dissolved in pyridine to remove any metallic mercury. 
The addition of acetone precipitates the compound, which is dried in 
vacuo. It is orange in colour and does not melt at 300° C. 

Quinone-(l)- imide aci-(4)-nitro-(2)-mercury is formed by 
treating any of the preceding compounds with dilute alkali, heating alone 

or with alcohol. The compound is maroon in colour, and with acetic or 
hydrochloric acid gives the acetate or chloride respectively, which do not 
melt below 300° C. 

o-Mercuri-bis-p-nitroaniline,(C6H3.NH2.N02)2Hg.—The acetate 
is moistened with alcohol, suspended in water, and aqueous sodium 
thiosulphate added. Solution takes place, and the whole is boiled for 
six minutes; a yellow precipitate soon forms. I t is purified by extrac
tion with alcohol. Yield S6 per cent. 

DERIVATIVES OF MONO- AND DI-ALKYLANILINES. 

p-Methylaminophenylmercuric acetate, NHMe.CQH4.Hg.OAc.1 

—The preparation is carried oat in the usual manner from mercuric 
acetate and monomcthylanilme in aqueous alcoholic solution. The com
pound crystallises in glistening plates, M.pt. 149° C. with decomposition; 
it is soluble in hot alcohol or dilute acetic acid, insoluble in ether or water. 
"When treated with potassium hydroxide, the hydroxide is formed. This 
crystallises in pearly plates, containing water of crystallisation, and 
melts at 118° C, decomposing at 120° C. I t forms strongly alkaline 
solutions, which have a caustic taste. In alcohol it is readily soluble, 
sparingly soluble in water, insoluble in ether. 

The following salts are also known : chloride, yellow, amorphous 
powder, M.pt. 108° C. with decomposition, becoming green on exposure 
to light; bromide, M.pt. 120° C, has same properties as the chloride ; 

1 Ffcsci, OazieUa, 1893, 23, ii. 521, 529; Ohem. Zenir., 1894, i. 501: Zeilsch. (mora. 
Ckem., 1897,15, 21(5. 

NHMe.CQH4.Hg.OAc.1
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•nitrate, hexagonal plates, decomposing suddenly at 150c C. ; sulphate, 
microscopic prisms, M.pt. 130° C. with decomposition, becoming grey-
green on exposure to light. 

p-Mercuri-bis-monomethylanil ine is prepared from the hydrox
ide by the action of sodium sulphide. I t crystallises from benzene in 
lustrous, colourless needles, M.pt. 178° to 179° C, sparingly soluble in 
alcohol, insoluble in ether. 

p-Nitro-o-acetoxymercuri-monomethyianil ine.1 — The follow
ing general method of preparation for compounds of this type has been 
given. One molecule of the compound in a small volume of alcohol 
is boiled with an aqueous solution containing 0-9 mol. of mercuric 
acetate until a test portion gives no precipitate with ammonium sul
phide. The solution is filtered whilst hot, and the mercurised acetate 
crystallises out on cooling. The mother-liquor from this, when treated 
with aqueous sodium chloride, yields the chloromercuri compound. 
Yields are quantitative. The substance forms small, yellow crystals, 
M.pt. 197° C. with decomposition, soluble in acetone and alcohol-acetic 
acid. The corresponding chloride is a yellow crystalline compound, melt
ing with decomposition at 215° C, soluble in acetone or boiling alcohol. 

p-Dimethylaminophenylmercuric acetate 2 may be obtained : 
1. By the interaction of the amine and mercuric acetate at room 

temperature. 
2. By dissolving yellow mercuric oxide in an aqueous solution of 

dimethylaniline acetate. 
I t crystallises in colourless, glistening needles, M.pt. 165° C, soluble 

in benzene, chloroform, or dilute acetic acid, insoluble in water. No 
mercuric sulphide is precipitated when it is treated with cold ammonium 
sulphide. Boiling with potassium iodide and subsequent passing of 
hydrogen sulphide only gives traces of mercuric sulphide.3 The hydrox
ide is formed by the action of sodium hydroxide, and crystallises in 
microscopic prisms, turning brown at 150° C. and melting at 179° C. 
I t is fairly soluble in warm water, the solution being feebly alkaline. 
On boiling the hydroxide with methyl iodide a quaternary ammonium 
compound is formed, HgLC t iH4.NMe3L This crystallises from boiling 
water in thin, flexible needles, which turn brown at 218° C. and melt at 
230° C. on rapid heating. I t is not attacked by boiling potassium 
hydroxide, but moist silver oxide yields the corresponding base ay a 
caustic liquid, which rapidly absorbs carbon dioxide. The methiodide 
gives a chloride when treated in aqueous solution with silver chloride, 
which crystallises in small needles, soluble in water or alcohol. The 
latter yields a double salt with mercuric chloride, crystallising in lamina;, 
M.pt. 225° C. with decomposition. 

The acetate with sodium chloride solution gives p-dimethylamino-
phenylmercuric chloride. The latter may also be obtained by 
shaking a benzene solution of p-mercuri-bis-dimethylaniline with a 
saturated benzene solution of hydrogen chloride, or from alcoholic p-
mercuri-bis-dimethylanilme and mercuric chloride.4 I t crystallises 
from boiling alcohol in hexagonal plates, M.pt, 225° C, becoming red 
and decomposing. I t is soluble in cold hydrochloric acid or chloroform, 

1 Kliar&sch and Jacobsohn, J. Amer. Ckem. $oc, 1021, 43, 1894. 
2 Fesci, he, cit.; Dimroth, iter., 1902, 35, 2032. 
3 Dimrotuh, Zeit. anorg. Chem., 1903, 33, 314. 
* Mchaelis and Bafeerson, Bar., 1890, 23, 3342. 
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but less soluble in benzene. Warmed with sodium carbonate it yields 
dimethylaniline and mercuric chloride. The corresponding bromide 

'melts at 226° C, and the iodide forms colourless plates, M.pt. 195° C. 
with decomposition. 

p-Mercuri-bis-dimethylanil ine.1 

1. The p-bromodimcthylaniline derived from 100 grams of dimethyl
aniline is dissolved in TO^rams of xylene, 1/10 the volume of ethyl 
acetate added, and sufficient 1-5 per cent, sodium amalgam to give 
double the quantity of sodium required for the reaction, and the mixture 
boiled for twenty-four hours. The mass is filtered and the filtrate dis
tilled under reduced pressure, a faint yellow crystalline residue resulting, 
which changes to a white powder in contact with air. 

2. By treating p-climethylaminophenylmcrcuric chloride in pyridine 
with metallic copper. Yield 81 per cent.3 

3. p-Dimethylaminophenylmercuric hydroxide in aqueous sus
pension is reduced by sodium sulphide, the product being extracted 
from the resulting precipitate by hot benzene. 

It crystallises from benzene in needles containing benzene, this 
benzene of crystallisation being lost on standing in air. It is slightly 
soluble in alcohol or ether, but readily in chloroform, the crystals melting 
at 169° C. It is precipitated from its dilute hydrochloric acid solution 
by sodium hydroxide, but warming with hydrochloric acid leads to 
decomposition. I t readily reacts with phosphorus trichloride to give 
dimethylamidophosphenyl chloride, Cl2P.C6H4.NMe2-

When 2 mols. of p-mercuri-bis-dimethylanilinc in benzene solu
tion are treated dropwise with a solution of thionyl chloride in the 
same solvent, a bright yellow product is precipitated. The reaction is 
represented as follows :— 

2(C6H,NMe2)2Hg+SOCI2-(C6H,NMe2),S.OJIg.C6H4NMe3+HgCl2. 

This compound is decomposed by hydrogen sulphide, hexamethyl-
triamidotriphenylsulphine chloride being obtained.3 

Methyl iodide reacts with p-mercuri-bis-dimethyl aniline to form the 
quaternary ammonium compound (G6H4.NMe3I)2Hg, colourless crystals, 
becoming yellow at 218° C. and melting at 230° C. This yields the 
corresponding chloride with silver chloride, the mercuric chloride double 
salt of which decomposes at 225° C. 

o-Acetoxymercuri-p-bromodimethylaniline.4 — An alcoholic 
solution of p-bromodimethylaniline and an aqueous solution of mercuric 
acetate are mixed at 30° (I, tightly stoppered in a bottle, and allowed 
to stand for six days. Needles separate out in 74 per cent, yield. If 
more concentrated solutions are used and heat is applied only a brown oil 
is obtained, which does not crystallise after standing for three months, 
and a lower yield also results when the mercuric acetate is slowly added 
with vigorous stirring. The acetate crystallises in white needles, 
M.pt. 144° C, very soluble in hot methyl alcohol or carbon disulphide, 
fairly soluble in hot ethyl acetate, benzene, carbon tetrachloride, or 
cold concentrated ammonium hydroxide, practically insoluble in water 

1 Pesci, Uazzefki, 1893, 23, ii. 521; Michaelis and ScMenk, Ber., 1888, 21, 1501: 
Annalen, 1890,260, 6. 

- Hem, Wagler, and fetter, Ber„ 1925, 58, [B], 1507. 
3 Miehaelis and Godchaux, Ber., 1891, 24, 758. 
1 Whitmore, J. Avier. Vhem. Soc„ 1919, 41, 1841. 
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or petroleum ether. No black mercuric sulphide is precipitated by 
ammonium sulphide. The following salts are also known :— 

Chloride, from alcoholic, solution of acetate by alcoholic calcium 
chloride; separates from alcohol or benzene in felted masses of needles, 
M.pt. 183° C. Bromide, forms larger crystals than the chloride and is 
more soluble; M.pt. 182° C. Iodide, much more soluble, M.pt. 169° C. 
Thiocyanate, fine white, gritty crystals, M.pt. 135° C, decomposing at 
140° C. Hydroxide, from alcoholic acetate and the requisite amount 
of sodium hydroxide in alcohol, forms hard, wartv masses of crystals, 
M.pt. 162° C. Formate, fine felted needles, M.pt. 145° C , decomposing 
at 150° C. 

Mercuri-bis-p-bromodimethylaniline.—The acetate, 27-6 grams, 
is mixed with 23 grams of potassium iodide in 200 c.c. of alcohol, and the 
mixture heated under reflux for eight hours. The precipitate is filtered 
and extracted with cold benzene to remove impurities. Yield 15-5 
grams. 86 per cent. Four crystallisations from benzene give fine, white 
needles, M.pt. 123° C , readily soluble in cold benzene, toluene, ether, 
acetone, or carbon disulphide. Smaller yields of this compound are also 
obtained from the above acetate by the action of sodium thiosulphate or 
potassium sulphide. 

The mercuri-bis compound reacts with mercuric chloride, bromide, 
iodide, and thiocyanate, giving good yields of the above salts. 

o-Nitro-p-acetoxymercuri-dimethylaniline.1—The preparation 
of this and the following compounds has been described under p-nitro-
o-acetoxymercuri-monomethylaniline (p. 121). I t is a bright yellow, 
crystalline substance, M.pt. 160° C, soluble in the usual organic solvents. 
"With sodium chloride solution it yields the p-chloro derivative, a red 
amorphous product, M.pt. 185° C. with decomposition, soluble in acetone 
or boiling alcohoL 

m-Nitro-p-acetoxytnercuri-dimethylanil ine occurs as brilliant 
orange needles, M.pt. 140° €. , soluble in the usual solvents. The 
chloride is red and amorphous, M.pt. 220° C. with decomposition. 

p-Ethyiaminophenylmercuric a ce ta t e 2 forms colourless prisms, 
M.pt. 130° C , insoluble in water. Treated in alcoholic solution with 
calcium chloride, the chloride is obtained as hexagonal plates, M.pt. 
143° C, soluble in boiling alcohol, but insoluble in water. The acetate 
reacts with potassium hydroxide to form the hydroxide, colourless 
needles, decomposing at 145° C , slightly soluble in cold water, insoluble 
in ether. This hydroxide with methyl iodide yields the quaternary 
ammonium com-pound, HgI.C6II4.Et.XMe3I, which crystallises in long, 
colourless, glistening needles, M.pt. 202° C.s easily soluble in hot water, 
and unchanged by caustic alkali. From this may be obtained the 
chloride, colourless needles, which form a double salt with mercuric 
chloride, M.pt. 169° C , and the hijdroccide, which forms a highly caustic 
solution which absorbs carbon dioxide from the atmosphere. 

p-Mercuri-bis-monoethylanil ine is obtained by the action of 
sodium sulphide on the hydroxide. I t crystallises from boiling xylene 
in colourless needles, M.pt. 166° C, whilst from alcohol or benzene i t 
crystallises in plates. 

p»Nitro-o-acetoxymercuri-monoethylanil ine occurs as small 
yellow crystals from alcohol, M.pt. 183° C. The chloride is a yellow, 

1 Kharasch and J&oobsohn, J, Arner. G&em, Soc., 1921,"43, 1894. 
2 Pesci, Zeilsch, anorg. Chtm., 1897, 15* 308, 
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amorphous solid, M.pt. 218° C. Both are soluble in alcohol or 
acetone.1 

p-Diethylaminophenylmercuric aceta te 2 forms colourless, glis
tening needles, M.pt. 104-4° C., soluble in alcohol, ether, or dilute acetic 
acid, insoluble in water. The chloride crystallises in thin needles, M.pt. 
164*5° C, sparingly soluble in hot water, and when heated with aqueous 
sodium carbonate yields an oxide, (Hg.C6H4.NEt2)20, crystallising in 
lustrous, colourless needles, M.pt. 220° C.3 The hydroxide forms colour
less needles, M.pt. 200° C. with decomposition, slowly decomposed by 
boiling water. When heated with methyl iodide in methyl alcohol 
solution it gives a quaternary ammonium compound, (C6H4.NEt2MeI )2Hg, 
small colourless prisms, M.pt. 203° C, slightly soluble in cold alcohol, 
insoluble in ether or benzene. The corresponding chloride crystallises in 
long, colourless needles* which yield a double salt with mercuric chloride, 
M.pt. 200° C. with decomposition. 

p -Mercuri-bis -diethylaniline is prepared (1) from p-bromodiethyl-
aniline and sodium amalgam, (2) from reduction of the hydroxide by 
sodium sulphide, (3) from the above oxide by the action of sodium thio-
sulphate. I t crystallises in small, colourless prisms from hot benzene, 
M.pt. 160-6° €.," soluble in ether, insoluble in alcohol. With methyl-
iodide it gives the usual quaternary ammonium compound. 

DERIVATIVES OF BENZYLANILINE.4 

p-Benzylaminophenylmercuric acetate, obtained by the inter
action of benzylaniline and mercuric acetate in aqueous alcohol at 50° C, 
forms colourless needles, M.pt. 143° to 144° C, soluble in benzene or 
chloroform, insoluble in water. The chloride, isolated in the usual way, 
is a powder, crystallising from benzene or alcohol in glistening plates, 
M.pt. 1T3° to 174° C. The hydroxide sinters at 82° C. and melts at 215° C, 
and is decomposed by alcohols or benzene. Treated with nitric acid 
the hydroxide gives a nitrate, a c^stalline powder, decomposed by boiling 
water and melting with decomposition at 150° C. 

p-Mercuri-bis-benzylaniline, prepared from the hydroxide by the 
aetion of aqueous sodium thiosulphate, crystallises from benzene in 
small, colourless needles, M.pt. 171° C. with partial decomposition. I t 
is insoluble in methyl or ethyl alcohol. 

DERIVATIVES OF ACID ANILIDES.5 

p-Acetaminophenylmercuric acetate.—An intimate mixture of 
2 mols. of mercuric acetate and 1 mol. of acetanilide is heated for one 
hour at 114° to 115° C, then for two hours at 100° C. Two volumes of 
boiling water are then added, and the mixture filtered after standing for 
twenty-four shours. I t crystallises from boiling water in microscopic 
tetrahedra, M.pt. 220° £ , soluble in boiling water, methyl, or ethyl 

1 Kharasoh and Jacobsokn, J. Amer. Ghem. Soc, 1921, 43, 1894. 
s Piceiruni, Gazzetkt, 1893, 23, ii. 534; Ruspaggiari, Qazzeita, 1893, 23, ii. 544; 

Peaci, Zeitech. anorg, Ghent., 1897,15, 208. 
3 Pigorini, Gassem, 1894, 24, ii. 465. 
* Pesci, Zeitsch. anorg. Chen., 1897, 15, 208. 
5 Pesd, Gazzetta, 1894, 24, ii. 449; Zeitsch. amrg. Chern,, 1897, 15, 222 ; GHm. Zett., 

1899, 23, 38; Ghem. Zentr*, 1899, i. 527; Piceinini, Gazz&ita, 1894, 24, ii. 453. 
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alcohol, insoluble in benzene. The chloride crystallises with 2 mols. 
of water in microscopic needles which lose their water at 100° C. 
They melt at 250° C , are slightly soluble in alcohol, insoluble in water. 
The hydroxide is a micro-crystalline substance having a strongly alkaline 
reaction. I t decomposes at 270° C, and with sodium or barium sul
phides yields p-mercuri-bis-acetanilide. When the acetate is treated 
with sulphuric acid, a sulphate is obtained as colourless needles, soluble 
in acetic acid or alkali acetates, insoluble in water or alcohol. 

p-Mercuri-bis-acetanil ide, prepared as stated above, crystallises 
in colourless needles, M.pt. 244° to 246° C, and when heated with 
alcoholic potassium hydroxide at 100° C. in a sealed tube it yields p-
mercuri-bis-aniline. The anilide is slightly soluble in boiling alcohol, but 
insoluble in other solvents. 

Penta-acetoxymercuri acetanilide, C6.NHAc.(Hg.OAc)s.
1—An in

timate mixture of 16 grams of mercuric acetate and 1 gram of acetanilide 
is heated at 115° to 145° C. until a test portion gives no reaction for 
mercury ions. The product is dissolved in ammonium hydroxide, acetic 
acid added, and in twenty-four hours needles are deposited. These 
dissolve in cold water, the solution being viscous, and when heated to 
80° C. coagulation takes place. When treated with bromine, penta-
bromacetanilide, M.pt. 284° to 285° C.9 is obtained. 

DERIVATIVES OF DIPHENYLAMINE. 

p-Acetoxymercuri-diphenylamine,C0H s .NH.C6H4 .Hg.OAc.2—An 
alcoholic solution of diphenylamine is treated with a solution of mercuric 
acetate in 50 per cent, alcohol in the presence of a little acetic acid. The 
acetate crystallises from alcohol in plates, M.pt. 178° C , slightly soluble 
in alcohols or hot benzene, insoluble in water. Treated with alcoholic 
calcium chloride i t gives the chloride, microscopic plates, decomposing 
above 240° C. 

With potassium hydroxide the hydroxide is formed, a white, amor
phous substance decomposing above 200° C. I t has an alkaline reaction 
in aqueous and alcoholic solution. 

p-Mercuri-bis-diphenylamine, obtained from the hydrate by 
sodium thiosulphate, is a white powder. I t crystallises in scales from 
boiling benzene or chloroform, M.pt. 182*5° C. 

2 : 2' : 4 : 4'~Tetrachloromercuri-diphenylamine,3 

NH(-<^ _ ^>-HgCl) 2 

HgCl 

Diphenylamine and mercuric chloride are heated together, and the melt 
poured into acetic acid and boiled for some time- A yellow product is 
obtained, from which unchanged diphenylamine is removed by extrac
tion with acetic acid. I t does not melt at 260° C , and is insoluble in all 
organic solvents. 

When boiled with pyridine the compound appears to be decomposed 

1 Raffo and Rossi, Ztitsch. Chem. Ind. KoUoide., 1912, u , 120; Ohem. Ztnfr., 1912, ii, 
2070; Bernardi, Gazzetta, 1026, 5<5, 337. 

2 Prussia, GazMta, 1898, 28, ii. 12$ ; Okem. Zmfa., 1898, ii. 92& 
3 Kharaseli and Piccard, J. Amer. Chem. Boc., 192% 42* 1S£5. 
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into mercuric chloride and 3 : 3 ' - m e r c u r i - m e r c a z i n e , to which the 
following formula- have been assigned :— 

( i i \ » * I I i - 2 H 2 0 

I / \ / \ /\y\ / \y H„ \y 
This compound, with sodium thiosulphate in alcoholic solution at 
70° C , yields a grey product insoluble in all organic solvents. I t is 
unstable towards nitric acid, and when heated to 100° C. in vacuo 
mercury distils off. 

Nitration of the tetrachloromercuri compound by mixed acid gives 
a light browi 
in sodium 
nitro groups 

NO,, N02 

\ > 
This compound, when treated with sodium thiosulphate, gives a light 

brown substance, which loses mercury at 100° C. in vacuo, and when 
heated at 54° C. in vacuo for fifteen minutes loses 5-22 per cent, of water. 
The name. mercury -b i s -3 -d in i t ro (? ) -mercaz ine , has been assigned 
to it, and the following structure :— 

mx-

OT .N02 NO. N H 

-H: 
-2H20 

-NO, 

p-Ace toxymercur i -me thy ld ipheny lamine , 1 prepared in the usual 
manner, crystallises from alcohol in needles, which yield the hydroxide 
when treated with jwtassium hydroxide, as a white amorphous powder. 

p -Mercur i -b i s -me thy ld ipheny lamine is isolated from the acetate 
by treatment with 25 per cent, sodium thiosulphate. I t crystallises 
from ben'/ene-ligroin in colourless plates, M.pt. 138° to 139° C. 

Ace toxymercur i -N»methy l th iod iphenylamine 2 is obtained when 
N-methylthiodiphenylamine in alcohol or acetic acid is treated with 
mercuric acetate. A diacetoxymercuri derivative is also produced at 
the same time. The former compound melts at 165° C , the latter 
decomposes without melting at 300? C. If the N-methylthiodiphenyl
amine be replaced by thiodiphenylamine no mercury derivative results, 
but only o-dithiotetraphenylhydrazine, this product also occurring on 
the interaction of mercury acetamide and thiodiphenylamine.3 

DERIVATIVES OF CC-ANILIDO FATTY ACIDS AND THEIR ESTEES.4-

In this series of compounds the substitution of mercury becomes 
more easy as the series is ascended. Whilst the ethyl a-anilido acetate 

1 Garbarim, Gazzetta, 1898, 28, ii. 132; Ck&m. Zentr., 1898, ii. 928. 
3 Finzi, Giorn, Chim. Ind. Appl, 1927, 9, 176. 
3 Pesci, GaxzeUa, 1916, 46, i. 103. 
4 Schoeller, Schrauth, and Goldaeker, Ber.t 1911, 44, 1300; German Patent, 248291. 
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forms only a mono-substitution product, the propionic ester gives a 
mixture of mono- and di-substitution products. In the ease of the 
butyric and isovaleric esters, only di-substituted products of the type 
Cf lH3.(Hg.OAc)8.NH.CHR.C03Et are obtained. 

2-Acetoxymercur iphenylglycine ethyl es ter , 

OAc.Hg.C6H4.NH.CH2.C03Et. 

Ten grams of the pure phenylglycine ester in 50 c.c. of methyl alcohol 
are treated with a solution of 20 grams of mercuric acetate in 50 c.c. of 
water, the mixture being stirred during the addition. A further quantity 
of methyl alcohol is added, and in fifteen minutes pale yellow crystals 
commence to separate. After twenty-four hours these are filtered off 
and washed with water, the yield of crude product being 20 grams, 
82 per cent. I t is recrystallised from chloroform, small tabular crystals 
being obtained. These soften at 129° C. and melt at 132° C. When 
bromine or iodine in their respective alkali halides are added to the ester, 
the acetoxymercuri group is replaced by halogen. 

2-Chloromercur iphenylglycine ethyl ester.—The above acetate 
is treated with sodium chloride in aqueous alcohol solution. I t crystal
lises in needles or rhombic plates, sintering at 150-5° C. and melting a t 
152-5° C. The corresponding bromide forms rhombic plates, sintering a t 
144° C., M.pt. 147-5° C. ; the iodide, lustrous leaflets, sintering at 137° to 
138° C., M.pt. 139° to 140° C. 

2 -Hydroxyrnercuriphenylglycine anhydr ide , 

•NH—CH, 
C6H4< | 

xHg.O.CO. 

This product is obtained by saponifying the acetate by 1*25 mols. of 
Normal sodium hydroxide solution, and acidifying the resulting solution 
with Normal sulphuric acid. Yield 91 per cent. I t is decomposed at 
228° C. (corr.). When dissolved in the calculated quantity of Normal 
alkali it gives precipitates with the salts of various metals : the copper 
salt is light green, decomposing at 193° to 197° C.; lead, iron, calcium, 
silver, mercury and platinum salts are also known. 

(2 - Chloromercur iphenyl - a - amino) propionic ethyl es ter , 
ClHg.CeH4.NH.CHMe.C02Et.—Equimolecular quantities of mercuric 
acetate and the ester are allowed to react in aqueous methyl alcohol 
solution. A 68 per cent, yield of the acetate is obtained, which is con
taminated with dimercuri ester. I t is soluble in organic solvents and 
precipitated as a yellow oil by light petroleum. Standing in ice for 
twelve hours does not induce solidification, so that the oil is treated 
with sodium chloride and converted to the chloro compound. This 
crystallises from 80 per cent, alcohol in microscopic needles, M.pt. 
165-5° C. Yield 80 per cent. 

(2 : 4 -Diace toxymercur i -a -amino) propionic ethyl ester.—To 
10 grams of the anilido ester in 10 c.c. of methyl alcohol, 35 grams of 
mercuric acetate in 100 c.c. of water and 80 c.c. of methyl alcohol are 
gradually added with constant stirring. The reaction is complete in an 
hour. The product is left overnight in ice, then filtered and washed with 
cold water. Yield 30 grams, 80 per cent. I t is soluble in the usual 
solvents, and completely soluble in 10 per cent, acetic acid without split
ting of! the mercury. The above product contains a eryskdlme and a& 
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amorphous form of the diacetate, the former being soluble in hot methyl 
alcohol containing acetic acid, and both give the same substance when 
treated with alkali halides. 

(2 :4-Dichloromercur iphenyl-a-amino) propionic ethyl es ter 
is prepared from the above compound by the addition of aqueous sodium 
chloride. I t crystallises from ethyl acetate—ligroin in small needles, 
sintering at 128° C. and melting at 131° C. (corr.). The corresponding 
dibromide forms needles, M.pt. 128-5° C. (corr.). 

(2 :4-Dihydroxymercur iphenyl-a-amino) propionic anhydr ide . 
/ X H CHMe 

HOHg.C6H3<( | 
XHg—0—CO. 

This is obtained by hydrolysis of the diacetate, using aqueous sodium 
hydroxide. I t readily absorbs water and decomposes at 223° C. (corr.). 

(2 :4-Diacetoxymercuriphenyl-a-amino) butyric ethyl es ter , 
(Hg.OAc)2CHH3.NH.CHEt.C02Et.—This is prepared in the usual 
manner, with 82-3 per cent, yield. It crystallises in stout rods, sintering 
at 150° C. and melting at*154-5° C. (corr.). I t is readily soluble in 
alcohols or chloroform, but only slightly in other solvents. With sodium 
chloride it yields the dichloro compound, slender needles, M.pt. 127° C. 
(corr.), and the corresponding dibromo derivative forms needles, sintering 
at 125° C, M.pt. 127° C. (corr.); the di-iodide forms needles, M.pt. 120° C. 
(corr.). 

(2 :4-Dihydroxymercuriphenyl-a-amino) butyric anhydr ide , 
,NH CHEt 

HOHg.C6H3< | 
XHg—O— CO 

is obtained in 90 to 92 per cent, yield by saponification of the diacetoxy 
ester with 3*25 mols. of Normal sodium hydroxide. I t becomes 
yellowish-brown at 200° C. and decomposes at 209° C. (corr.). I t 
readily takes up moisture on exposure to the air and the following 
scheme may represent the change :— 

CH3CH2\ * CH3CH2\ « 
y H g x >CH.COOH+H20 ^ \CH.COOH 

0 < >C 6 H 3 .NB/ HOHg x | 
xHgy >C6H3,NH 

H O H g / 
(2 :4-Diacetoxymercur iphenyl-a-amino) isovalerianic ethyl 

ester.—The reaction is complete in thirty minutes, an 86 per cent, yield 
being obtained. I t crystallises in stellar aggregates of needles, M.pt. 
126° C. (corr.). The dichloro compound forms microscopic rods, M.pt. 
122° C. (corr.), and the dibromide occurs in- two forms i (a) a granular, 
sandy, amorphous modification, decomposing at 215° C. and insoluble in 
ethyl acetate; (b) a soluble form, white needles, M.pt. 135° C. (corr.); 
the di-iodide crystallises in yellow needles, M.pt. 129° C. (corr.). The 
anhydride is obtained in 90 per cent, yield, decomposes at 226° C. (corr.), 
and readily takes up moisture on exposure to the atmosphere. 

DERIVATIVES OF TOLYLGIYCINE ESTERS, 

Acetoxymercuri-o-tolylgiycine ethyl ester , AcO.Hg.CflH3Me. 
NH.CH2.C02Et.—The ester and mercuric acetate in methyl alcohol 

file:///CH.COOH
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give a 77 per cent, yield of this compound. I t is soluble in methyl or 
ethyl alcohol, ethyl acetate, chloroform, acetone, ammonium hydroxide, 
or dilute acids; insoluble in light petroleum. I t melts at 125-5° C. 
(corr.). 

Hydroxymercur i -o - to ly lg lyc ine anhydr ide , 

/ N H CH2 
Me.C6H3< ! 

XHg—O—CO 

is obtained in 93 per cent, yield by saponification of the above acetate. 
I t is insoluble hi water or organic solvents, but easily soluble in alkali. 

Diacetoxymercuri-o-tolylglycine ethyl es ter is prepared in the 
usual manner, using 2 mols. of mercuric acetate. I t forms slender 
needles, M.pt. 167° C. (corr.), difficultly soluble in alcohol, but readily 
in ammonium hydroxide. I t is saponified by hot alkali. 

Ace toxymercur i -m- to ly lg lyc ine ethyl es te r , M.pt. 127-53 C. 
(corr.), yields a yellow anhydride on saponification. 

Triacetoxymercuri-m-tolylglycine ethyl ester is formed in 20 
per cent, yield when 3 mols. of mercuric acetate are used. I t melts 
at 185° C. (corr.), is readily soluble in ammonium hydroxide, with 
difficulty in alcohol, and insoluble in the usual solvents. 

Acetoxymercuri-p-tolylglycine ethyl es ter , M.pt. 140° C. (corr.), 
yields an amorphous anhydride on saponification. 

DERIVATIVES OF TOLUIDINES AND TOLUIDIDES.1 

The mercuration of o-toluidine in methyl alcohol solution gives rise 
to a mono and a dimercurated compound, the latter forming 85 per cent, 
of the product. When 50 per cent, ethyl alcohol is used as the solvent 
the main yield is the monomercuri derivative.2 If the reaction be carried 
out in aqueous solution, only a dimercurated product is obtained, which 
is isomeric with the one isolated from methyl alcohol solution.3 

5-Acetoxymercuri-o-toluidine.—A solution of o-toluidine (3 
mols.) in ethyl alcohol is rapidly added to a 50 per cent, alcoholic solu
tion of mercuric acetate (1 mol.). The product is recrystalUsed first 
from 50 per cent, alcohol, then from absolute alcohol, any dimercuri 
compound being insoluble in the latter solvent. I t is soluble in hot 
water or alcohol, less so in ethyl acetate, and melts at 144° to 145° C. 

When treated with sodium chloride solution the 5-chloromercuri 
compound is obtained. I t crystallises from absolute alcohol in needles, 
M.pt. 178° C. I ts diacetyl derivative forms colourless leaflets, M.pt. 
170° C. 

Diacetoxymercuri-o-toluidine.—(a) From methyl alcohol solu
tion. 

A solution of 37 grams of mercuric acetate in 100 c.c. of methyl 
alcohol is stirred into 10 grams of o-toluidine in 50 c.c. of methyl alcohol, 
and in a few minutes no mercury ions can be detected in the solution. 
After several hours the crystallisation of the diacetoxy compound 
commences. The small microscopic needles are allowed to stand in ice 
for forty-eight hours, then filtered, washed with alcohol, and dried at 

1 Schrauth, SchoeUer, and Bother, Bar., 1912, 45, 2808, 
2 Jacobs and Heidelberger, «/. Bid. Ohem.t 1015, 20, 513, 
3 Vecehiotti, Qwszetta, 1026, 56, 155. See Rossi and BoecM, Gwszetta, 1925, 5S* 93. 

V O L . x i . : I . £ 
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100° C. Yield 21 grams, 73 per cent. It crystallises from methyl 
alcohol in microscopic needles, M.pt. 228° C. with decomposition, is 
insoluble in most organic solvents, slightly soluble in methyl alcohol, but 
readily soluble in acids, ammonium hydroxide, amines, ethylenediamine, 
or pyridine. 

(b) From aqueous solution. 
When equimolecular quantities of mercuric acetate and o-toluidine 

react in aqueous solution, the resulting diacetate melts at 208° C. The 
position of the acetoxy mercuri groups has not been determined, but 
they are apparently not 3 : 5 or 4 : 6. 

Dihydroxymercuri-o-toluidine.—The diacetate (M.pt. 228° C.) 
in 30 parts of water at 80° to 90° C. is treated with an excess of sodium 
hydroxide, and on cooling the dihydroxymercuri compound separates in 
long, colourless needles. "These when heated at 100° C. lose water, giving 
an infusible canary-yellow substance which blackens when heated and 
probably has the constitution : 

HOHg.C6H2.Me< | 
\ H g 

The hydroxide obtained from the diacetate (M.pt. 208° C.) melts at 235° C. 
The acetate (M.pt. 228° C.) when treated in the usual manner yields a 
chloride, bromide, iodide, and hydroxide; the acetate (M.pt. 208° C.) 
gives the following derivatives; chloride, decomposes at 221° C.; bromide, 
decomposes at 232° C ; acetotoluidide, sinters at 214° C, M.pt. 219° C.; 
hydroxide, M.pt. 235° C. 

Acetoxymercuri - aceto - o-toluidide.—Ten grams of o-aceto-
toluidicle in 250 c.c. of hot water are treated with 20 grams of mercuric 
acetate and the mixture boiled for forty minutes, then filtered whilst hot. 
I t is then cooled in ice for twenty-four hours, the solution yielding 7 grams 
of needles, 28 per cent, yield. After recrystallisation from 80 per cent. 
alcohol, the needles melt at 233° C. (corr.). With iodine it gives 5-iodo-
aceto-o-toluidide. Treatment with sodium chloride solution yields the 
ehloromercuri-aceto-o-ioluidide, M.pt. 167° C, which may also be obtained 
by acetylation of the chloromercuri-o-toluidine. 

Diacetoxymercuri-aceto-o-toluidide.—Diacetoxymereuri-o-tolu-
idine is dissolved in ethyl acetate and acetylated by means of acetic 
anhydride. The product melts at 240° C.s and by double decomposition 
the following are obtained: chloride; bromide, microscopic needles; iodide, 
precipitated in flocks, which gradually change to a crystalline modifica
tion on standing. The acetate with iodine gives long, silky needles, 
M.pt. 222-5° C. (corr.), which contain no mercury. 

6-Acetoxymercuri-m-toluldine crystallises in small needles, M.pt. 
176° C, and 2 : 5*diacetoxymercuri-m-toluidine forms white needles, 
M.pt. 170° C, these yielding an hydroxide, decomposing at 200° C.; a 
chloride, decomposing at 239° to 240° C. ; a bromide, decomposing at 
150° C. 

Diacetoxymercuri-m-toluidine ( 1 ; 3 : 4 : 6) x crystallises in white 
plates, M.pt. 191° C ; the hydroxide is not very stable; the chloride and 
bromide crystallise in plates, melting at 195° C. and 210° C. respectively. 

Triacetoxymercuri-m-toluidine.—Three grams of m-toluidine 
and 27 grams of mercuric acetate in 85 c.c. of methyl alcohol gave 

1 Veeohiotti, Gazzetta, 1924, 54, 411. 
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28 grams of crystals after two days' standing. Yield 05-3 per cent. I t 
forms bright yellow microscopic crystals, insoluble in the usual organic 
solvents, but soluble in ammonium hydroxide. 

Acetoxymercuri-aceto-m-toluidide may be obtained from an 
aqueous solution of mercuric acetate and the toluidide by heating for 
one hour. Yield 20 per cent. I t gives crystals from 30 per cent, 
alcohol, M.pt. 99° C. 

If the above diacetoxy compound is acetylated, diacetoxymercuri-
aceto-m-toluidide is formed. I t is insoluble in organic solvents, slightly 
soluble in hot water, and easily soluble in ammonium hydroxide. 
With iodine 4:6-di-iodoaceto-m-toluidide is obtained. In a similar 
manner the triacetoxymercuri compound yields a toluidide, as a heavy 
insoluble powder. 

Diacetoxymercuri-aceto-m-toluidide, prepared from the 1 : 3 : 
4 : 0 compound, forms tufts of needles, M.pt. 250° C , and may be 
converted to 4 : 6-dibromo-aceto-m-toluidide; 6-acetoxymercuri-aceto-m~ 
toluidide melts at 192° C. and yields 6-bromoaceto-m-toluidide; 2 : 5 -
diacetoxymercuri-aceto-m-toluidide forms silky, white needles, M.pt. 1S3° 
to 184° C. 

Acetoxymercuri-p-toluidine.1—The reaction is carried out in 
50 per cent, alcohol, and occupies two days. The product is purified by 
dissolving it in a mixture of ammonium acetate and hydroxide and 
adding acetic acid. I t melts a t 184° C , is insoluble in water, slightly 
soluble in alcohol, ether, or benzene. 

With calcium chloride in alcoholic solution it gives the chloride, 
prismatic crystals, M.pt. 170° C, insoluble in water, only slightly 
soluble in alcohol.2 The hydroxide crystallises from a solution of the 
acetate in concentrated potassium hydroxide in yellowish plates, M.pt. 
212° to 213° C. I t is insoluble in the usual solvents. 

Mercuri-bis-p-toluidineis obtained from the preceding hydroxide, 
by the action of concentrated sodium thiosulphate. I t crystallises in 
plates, M.pt. 156° C. 

Condensation with Dimtrophenylpyndinium chloride.9—The pyridine 
compound (1 mol.) in methyl alcohol is added to the mercurated tolu-
idine (I mob) in pyridine solution. A deep red coloration takes place 
on mixing and the whole is boiled for about thirty minutes. Then 
a slight excess of dilute hydrochloric acid is added to remove the 
pyridine, and the precipitate washed with boiling acetone to remove any 
dmitraniline. The pure substance is a brown powder, M.pt. 133° C , 
soluble in chloroform. Formula : 

Me Me 

l ^ — H , ij 
N - C H CH NH 

i II / \ 
GH CH H 0 

\CH/ 

Hydroxymercuri-aceto-p-toluidide anhydride is obtained from 
1 "Wcehiotti, Gazzetta, 1921,51, ii. 208; Pesei, Guzzetta, 1898, 28, ii. 445 ; Chain. Zenir. 

1898, ii. 546; ZeiL anorg. Chem., 1898, 17, 276. 
2 &* Klein, Ber„ 1878, I I , 743. 
3 Beitzenstein and Sfc&inm, J. praU CheitK, 1910* £2], 81, 150. 
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the toluidide and mercuric acetate in aqueous solution. It crystallises 
in leaflets, M.pt, 229° C. (corr.). Formula : 

Hg.C6H3MeN.COMe. 

Acetoxymercuri d imethyl-p- toluidine 1 crystallises from boiling 
benzene in colourless, slender, glistening needles, M.pt. 131-5° C, in
soluble in water, more soluble in methyl than ethyl alcohol. 

The following compounds are obtained from the acetate in the usual 
manner:— 

Chloride, very fine needles, M.pt. 159° to 159-5° C, soluble in benzene, 
insoluble in water. Bromide, colourless, glistening needles, M.pt. 149° to 
150° C, Iodide, needles, M.pt. 120° C. Nitrate, using alcoholic calcium 
nitrate, colourless needles, M.pt. 131° C, soluble in alcohol or benzene. 
Hydroxide, obtained by allowing acetate to stand with concentrated 
potassium hydroxide for twenty-four hours; colourless needles, M.pt. 
117° C, fairly soluble in hot water, slightly soluble in benzene or methyl 
alcohol. 

Mercuri-bis-(dimethyl-p-toluidine) is obtained when the above 
hydrate is treated with concentrated sodium thiosulphate, and when 
bromo-dimethyl-p-toluidine is heated with 1-5 per cent, sodium amalgam 
for forty-eight hours at 120° to 125° C, a little ethyl acetate being used 
as catalyst. It crystallises in colourless, glistening plates, M.pt. 00° C . 
slightly soluble in benzene. 

DERIVATIVES OF BENZIDINE. 

3(?)~Acetoxymercuri»benzidine.2~This compound appears to be 
formed when benzidine and mercuric acetate react in glacial acetic acid. 
I t is a brown product, decomposing at 138° to 140° C.s and forming a 
hydrochloride, M.pt. 239° to 240° C. Diacetylbenzidine and mercuric 
acetate when heated at 120° to 160° C. give a crystalline compound, 
C02HS0O4N4Hg53H2O, which seems to be of indefinite composition. 

DERIVATIVES OF THE NAPHTHYLAMINES AND THEIR SULPHONIC ACIDS.3 

2:4-Diacetoxymercuri -a-naphthylamine, 
NH2 

l ^ / ^ H g . O A c 

i i I 

vv 
Hg.OAo 

a-Xaphthylamine (4 2 grams) is dissolved in a mixture of 20 e.c. of 
alcohol and 20 e.c. of acetic acid, then 50 e.c. of boiling water are added. 
To this hot solution, a hot solution of 10 grams of mercuric acetate in 
50 e.c. of water is added. An intense yellow precipitate is formed; this 
gradually becomes white and crystalline, and is filtered off. Yield 9-5 
grams. The substance is coloured faint yellow by sodium hydroxide, 
but does not react with ammonium sulphide even on long standing. I t 

1 Pern, Gazzetta, 1898, 28, u. 445, 
a Bernard! and Tartarini, Oazzdta, 1927, 57, 223-
3 Brieger and Sehulemann,«/. prakt. Chem.t 1914, 89, 140. 
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is very stable towards halogen salts. No monomercuri derivative is 
isolated. 

Tetra - acetoxymercuri - a - acetonaphthalide, NHAc.C10II3(Hg. 
OAc)4,3 from a-acetonaphthalide and 4 mols. of mercuric acetate, decom
poses at 220° C, and forms aqueous solutions which froth when shaken, 
are highly viscous, and coagulate when heated. 

1 -Ace toxymercur i - j3 - n a p h t h y l a m i n e . — /3-Naphthylamine (1-4 
grams) and 3-2 grams of mercuric acetate in 25 c.c. of dilute acetic acid 
yield colourless crystals. These become intense yellow without dissolv
ing when treated with concentrated sodium hydroxide, and ammonium 
sulphide readily reacts with the acetate. 

Mercuriphenyl-/?-naphthylamine, 

X 6 H 4 s 
Hs< >NH.2EtOH l£D 

is formed by treating phenyl-/^naphthylamine with dilute alcoholic 
mercuric acetate containing a little acetic acid. I t melts at 173° €. ;

2 and 
crystallises with 2 mols. of alcohol. 

S-Naphthylamine»6-su lphonic acid Derivatives.3—The sodium 
salt of this acid in aqueous solution reacts with aqueous mercuric acetate 
if the compounds are allowed to stand for a long time. A white product 
is obtained, which gives mercuric oxide when treated with sodium 
hydroxide. If the reaction mixture is boiled for five to ten minutes, a 
white body is again obtained, but this does not react with sodium 
hydroxide. I t is insoluble in all solvents. To these two bodies the 
following formulas have been assigned :— 

-Kg Hg-r 

Sodium naphthylamine sulphonate (5-6 grams) is dissolved in 125 c.c. 
of boiling water, and a solution of 6-4 grams of mercuric acetate in 25 
c.c. of water is poured in. The mixture is boiled for a few minutes, then 
sodium hydroxide is added dropwise until complete solution is obtained. 
The whole is then quickly cooled to 70° C. and 150 c.c. of alcohol 
added, a yellow body being precipitated. The whole is cooled quickly, 
shaken, and filtered, the residue washed with 50 per cent, alcohol, 
absolute alcohol, and finally with ether. A pale yellow powder is 
obtained which corresponds to the formula : 

% - • 

/^y\m 
NaOgSl/ 

A pure white product is obtained from this by the action of an excess 
of sodium hydroxide. This product is soluble in water, aqueous alcohol, 
and dilute alkali. I t does not react in aqueous solution with ammonium 

1 Rossi and Bocchi, GazztUa, I92t>, 56, 817. 
2 Rossi and Oecohctti, Gazzetta, 1925, 55 
3 Brieger and ScbTiiemaiin, he. eti* 
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sulphide, but with acetic acid a white precipitate is thrown out. This 
latter reacts with ammonium sulphide, and contains 1 mol. of water 
which cannot be removed by drying over phosphorus pentoxide, hence 
formula I. has been assigned to it5 although analysis points to II . Thus; 

HgOH , n T T HgOH 

Na0^\/V \ H
 N a 0 , i W 

i. n . 

These mercurated naphthylamine sulphonic acids react immediately 
with halogen halides, the mercury being freed, and in the case of 
potassium iodide solution mercuric iodide separates. 

Monomethylaminonaphthalene- and jS-dimethylaminonaphthalene-
C-sulphonic acids only reduce mercuric acetate to mercurous salt or 
metallic mercury. 

Naphthionic acid Derivatives .—By the interaction of the sodium 
salt of this acid and mercuric acetate in the cold, a white, finely divided 
precipitate is obtained. When this is boiled it becomes soluble in 
sodium acetate and acetic acid. It crystallises from the latter as a 
colourless body, which is only slightly affected by sodium hydroxide, 
and only slowly attacked by ammonium sulphide. The following 
formula has been ascribed to i t :—1 

/ H 

\OAc 

i i 

so a — 

From a solution of 6*4 grams of sodium naphthionate and 6*4 grams 
of mercuric acetate in 150 c.c. of water, treated with a large excess of 
sodium hydroxide, a colourless product is obtained. This does not react 
with ammonium sulphide, and towards halogen salts it reacts similarly 
to hydroxymercuri - /} - naphthylamine - 6 - sulphonic acid (sodium salt). 
When dried over phosphorus pentoxide the bocty becomes canary yellow, 
and on addition of water becomes white again. It has been formulated 
as the sodium salt of Z-hydro&ymermri-naphthionic acid. 

j ^ / N H g O H 

I I 

S03Na 

Using an excess of mercuric acetate does not produce dimercurated 
derivatives, the yellow solution becoming yellow-red on addition of 
alkali, but the colour is less intense than in the case of /^naphthylamine 
sulphonic acid. 

1:5-Naphthylamine sulphonic acid Derivatives .—The free acid 
(2-4 grams) is dissolved in 25 c.c of water containing a little sodium 

* WMtmore, Organic Compounds of Mercury, Chemical Catalog. Co., prefers to consider 
the compound to be 2-acetoxymercuri-naphthioiiic acid. 
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hydroxide, then dilute acetic acid is added until the solution is just acid. 
A solution of 6 4 grams of mercuric acetate in 25 c.c. of water is poured 
in, and a fine canary-yellow precipitate is deposited. This is soluble 
in acetic acid, and becomes deep yellow when treated with sodium 
hydroxide, but excess of hydroxide yields no precipitate, but tends to 
decompose the substance, mercurous oxide separating out. The yellow 
product does not react with ammonium sulphide. The body is very re
active with halogen salts, the addition of sodium chloride to its solution, 
followed by ammonium sulphide, causes blackening at once. With 
potassium iodide the reaction is quantitative, and with potassium 
bromide nearly so. The substance is represented by the structure ; 

NH, 

/ \ / \ . H g O A o 

I I 

—03S Hg.OAc 

* 



* 

CHAPTER VIII. 

MERCURY [continued). 

DERIVATIVES OF AROMATIC COMPOUNDS CONTAINING HYDROXYL 
GROUPS. 

MOST of the monohydric phenols and their substitution products react 
with mercuric acetate under suitable conditions to give acetoxymercuri 
compounds. When phenol is treated with an aqueous solution of 
mercuric acetate at room temperature, three products are formed: 

OH OH 
/\ffgOAc / \ 

V 
I. 

HgOAc 
II. 

OH 
/^HgOAo 

i 
i 

V 
HgOAo 

III. 
If, howe\ er, the reaction is carried out at 100° C, and no solvent used, only 
I. and II . are formed. 

The methyl and ethyl ethers of phenol are more difficult to mercurate 
than phenol itself, and although ortho- and para-substituted mono-
mercurated products can be made, no dimercurated derivatives are yet 
known. 

The nitrophenols differ from all other phenols, in that they are cap
able of forming anhydrides instead of acetoxymercuri derivatives when 
treated with mercuric acetate. When, for example, the sodium salt of 
o-nitrophenol is shaken with aqueous mercuric acetate, it yields com
pound I. ; but if the nitrophenol is dissolved in warm water containing 
a little sodium hydroxide, and the mercuric acetate solution added drop-
wise, compound II . is produced. 

0 
ii OH 

H^-0 
I. 

HgOAo 
II. 

Compound I. gives the corresponding chloride and hydroxide when 
treated with hydrochloric acid and sodium hydroxide respectively, but 
bromine, or iodine in potassium iodide solution, replace the mercury by 
halogen. p-Nitrophenol is more difficult to mercurate than the ortho 
compound, and the reagents have to be boiled for a long period. 

4:6-Dinitropheiiol is'mereurated by boiling for sixteen hours with 
136 
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mercuric oxide in aqueous solution, but picric acid yields, a product when 
shaken with aqueous mercuric oxide for several hours at 80° C. 

Dimethylaminophenol readily reacts with mercuric acetate in alcoholic 
solution, the operation going to completion in two minutes at 100° C , 
but the compound formed slowly decomposes when kept. If, however, 
no solvent is used, no organic mercury derivative is formed. A rather 
unstable body containing two benzene nuclei connected by a mercury 
bridge is formed from m-hydroxyphenyltrimethylaminonium acetate, 
but its aqueous solution decomposes in a week. 

In the same way tha t the phenolic ethers are more difficult to mercur-
ate than the phenols themselves, so cresol methyl ether is less readily 
attacked by mercuric acetate than cresol, and requires five days' heating 
at 50° C. to complete the reaction, a diacetoxymercuri compound only 
being produced. 

Thymol and carvacrol yield mono or dimercurated products accord
ing to the number of molecules of mercuric acetate used in the reaction. 

Safrol, eugenol methyl ether, apiol and isoapiol yield a mixture of 
two isomeric acetates, one of which is crystalline, the other syrupy. 

Other methods have also been used for producing mercurated anisoles 
and phenetoles of the type RHgX. (1) The type H2Hg, e.g. mercury 
dianisyl, is treated with an alcoholic solution of mercuric chloride. (2) 
The mercuric chloride addition products of the triarylstibines, E.3Sb. 
HgCl2, are boiled in alcoholic solution. 

The R.2Hg compounds of the phenols are prepared by the usual 
methods, mercuri-bis-o-phenol being formed by the action of sodium 
thiosulphate on o-chloromercuri phenol, whilst the anisyl and phenetyl 
compounds are formed either by treating o-bromoanisole or phenetole 
with 1-5 per cent, sodium amalgam or by the action of alcoholic 
potassium iodide on o-iodomercuri anisole or phenetole. 

The following evidence has been collected to show the behaviour of 
mercurated phenols towards acids, bases, and salts:— 

o-Chloromercuri phenol in sodium hydroxide solution, when treated 
with sodium nitrite at —4° to —5° C, and the mixture acidified with 
concentrated sulphuric acid, yields p-nitrosochloromercuriphenol; the 
latter when heated with a mixture of ammonium chloride, acetate, and 
carbonate for thirty minutes at 100° C. is transformed into p-nitroso-o-
chloromercuri aniline. 

p-Chloromercuri phenol is decomposed when boiled with hydro
chloric acid, giving mercuric chloride and phenol, but with ethereal 
iodine solution, mercuric iodide and p-iodophenol result. 

Chloromercuri anisole and phenetole yield oxides when treated with 
aqueous sodium carbonate solution, e.g. 0(HgC6N4OMe)2. 

4-Acetoxymercuri-m-dimethylaminophenyl acetate is immediately 
decomposed by ammonium sulphide. 

Acetoxymercuri-p-cresol does not yield the corresponding iodide 
when treated with potassium iodide, but the mercury is' eliminated as 
mercuric iodide. Chloromercuri-p-cresol in alcoholic solution gives the 
anhydride of hydroxymercuri-p-cresol when a boiling sodium carbonate 
solution is added. The diacetoxymercuri derivative of p-cresol methyl 
ether is stable towards ammonium hydroxide or sulphide, but gives the 
chloride on the addition of aqueous sodium chloride. 

The crystalline chioromercuri compound obtained from safrol is stable 
towards ammonium sulphide or ammonium and sodium hydroxides, 
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but decomposed when boiled with dilute hydrochloric acid. The corre
sponding iodomercuri derivative, however, is decomposed by hydrogen 
sulphide. Similar reactions have been noted with the crystalline chloride 
of eugenol methyl ether. 

Chloromercuri resorcinol is readily decomposed by sodium hydroxide 
and immediately 'by ammonium sulphide, and the dichloromercuri 
resorcinol is even less stable to sodium hydroxide. Diacetoxymercuri 
resorcinol dimethyl ether does not give mercuric sulphide with ammonium 
sulphide, but only a 3^ellow precipitate. 

The stability of the mercurated a-naphthols towards alkali halides 
decreases from the chlorides to the iodides, potassium iodide eliminating 
the mercury as mercuric iodide. Diacetoxymercuri-a-naphthol is stable 
to ammonium sulphide. 2-Acetoxymercuri-l: 4-naphthol monosulphonic 
acid is very stable towards ammonium sulphide, but when warmed 
with sodium chloride in acetic acid solution, mercury is split out, and 
1 -acetoxymercuri-2:6-naphthol sulphonic acid has similar properties. 
l-Acetoxymercuri-/2-naphthol is not blackened by cold ammonium 
sulphide, but gives mercuric sulphide on heating. 

The following table shows the positions taken up by mercury on 
entering the benzene nucleus. All rings are numbered from the top 
(position 1) in a clockwise direction, irrespective of the group occupying 
tha t position. This method of numbering applies only to the table and 
not to the text . 

OMe OMe * * OEt OH 

C3H£ N02 

OH OH OH OH OH Me3 OH 

N0*A N0* /W A ? / V Me3A 
V 3 V ^ V A -̂̂ V3 ô 1 ,2'4 

N02 NH2 OAc 
OH OH OMe Oh OH 

Me Me CHO 

OH OH C3H5** C3H5** 
MeOf \ Mono fS Mono / \ Mono 

2-6 U 2 * 4 k y o M o n o \yoMeMono 

OMe 

0«r 0«H 0' 
OH OH , CH2( 

CO-CO- C0LX00" 
S03Na 

R=tert-butul or isoamyl, ** These compounds give two series of isomeric salts. 
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D E R I V A T I V E S OF P H E N O L . 

o-Chloromercuri phenol, HO.C6H4.HgCL1-~YVhen an aqueous 
solution of mercuric acetate and phenol reacts at room temperature or 
by heating on the water-bath, three mercury compounds are obtained, 
two containing acetoxymercuri groups in the ortho- and para-positions 
to the hydroxyl group, and the third being a diacetoxymercuri derivative. 
The following method, due to Whitmore and Middleton, produces no 
dimercurated product, owing to the fact that no solvent is used. Phenol 
(12 grams) is heated on a steam-bath, and 25 grams of mercuric acetate 
gradually added, the mixture being well stirred. When the solution of 
the acetate is complete, boiling water is added, and the whole boiled for 
a few minutes, after which a hot solution of 5 grams of sodium chloride 
is poured in. The p-chloromercuri phenol is at once precipitated and 
filtered off, the filtrate on cooling depositing crystals of the ortho 
compound. This product can be further purified by crystallisation 
from hot water, when glittering crystals, M.pt. 152-5° C., are deposited. 
I t forms an acetyl derivative, M.pt. 170° to 171° C , which does not react 
with potassium iodide, but if heated with concentrated hydrochloric 
acid and hydrogen sulphide, mercuric sulphide is formed. The acetyl 
compound is reduced to mercuri-bis-o-pkenol diacetate when acted upon 
by sodium thiosulphate, a yield of 80 per cent, being obtained. 

When o-chloromercuri phenol in sodium hydroxide solution is 
treated with sodium nitrite, the mixture cooled to —4° to —5° C , and 
acidified with concentrated sulphuric acid, p-niiroso-o-cJiloromercuripkenol 
is formed, HO.C6H3.NO(4)HgCl(2). This substance crystallises from 
xylene or anisole in light brown needles, which respond to Liebermann's 
nitroso reaction and partially dissolve in ether, giving an intense green 
solution. Two grams of the nitroso compound, 2-4 grams of ammonium 
chloride, 6-6 grams of dry ammonium acetate, and 0-2 gram of ammon
ium carbonate when heated on the water-bath for thirty minutes with 
vigorous stirring yield p-nitroso-o-chloromercuri aniline, NH2.C6H3.NO 
(4).HgCl(2). The melt is poured into 75 c.c. of cold water and allowed 
to stand thirty minutes, when a brown amorphous precipitate settles out. 
This is filtered, well washed, dried, and crystallised from anisole. Its 
solutions in benzene and ether are green, in alcohol reddish-yellow. 

When 2-43 grams of o-chloromercuri phenol in a freezing mixture are 
treated with the diazotised solution from 7 grams of m-amino-leuco-
malachite green in 50 c.c. of water and 6 grams of hydrochloric acid 
(density 1-18) a dark green precipitate is obtained, which is brown-
black when dry. I t is tetrametkyldiaminotriphenylmethane-azo-o-chloro-
mercuri phenol and has the following constitution :—2 

/NHgCl 

«j 
I I 
i L-H-N— l 

1 Diraroth, Ber., 1902, 35, 2853; "Whitmore and Middleton, J. Amer* Chzm. Soc., 1921, 
43> 619. 

2 Reitzenstein and Boaitsch, J, praM. Chem., 1912, [2], 86, 73. 
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o-Acetoxymercuri phenol.3—This product is obtained by a 
similar method to Whitmore and Middleton's o-chloromercuri phenol. 
i.e. using no solvent in the reaction. The compound crystallises in long 
needles or white, hexagonal, or rhombic prisms, M.pt. 157° C, decompos
ing at 210° to 215° C. In the usual way the following derivatives may 
be prepared: hydroxide; internal oxide; bromide, slender, silky 
needles, M.pt. 130° to 132° C, the liquid becoming turbid at 190° C. and 
decomposing at 195° C. ; iodide, stellar aggregates of microscopic 
prisms, M.pt. 121° C, the clear red liquid becoming turbid at 170° to 
180° C, and decomposing at 200° to 210° C.; nitrate, infusible compound, 
blackening about 200° C.; the sulphate and hydroxide are white, infusible 
powders. 

p-Acetoxymercuri phenol crystallises in slender needles or 
triangular prisms, M.pt. 165° C, decomposing at 210° to 215° C.; 
the bromide forms scales, M.pt. 144° to 146° C, decomposing at 
200° to 210° C ; the iodide, a white powder, M.pt. 134° to 135° 
C.5 decomposing at 200° to 210° C; the nitrate, white crystals, de
composing at 210° C.; the sulphate and hydroxide are white, infusible 
compounds. 

Diacetoxymercuri phenol.2—Phenol in concentrated aqueous 
solution is treated with mercuric acetate, when a white precipitate 
separates out, the reaction being accelerated if heat is applied. This 
product crystallises from dilute acetic acid in needles, M.pt. 216° to 
217° C. The mother-liquor from this preparation contains o- and 
p-acetoxymereuri phenols.. Treatment of the diacetoxy compound with 
sodium chloride gives the dichloromercuri phenol, a white powder, M.pt. 
258Q C. with decomposition.3 

p-Chloromercuri phenol.4—The preparation of this mercury 
compound has already been dealt with above. I t crystallises from 
acetone or alcohol in needles, M.pt. 219° to 220° C. or 224° to 225° C , 
both figures being given in the literature. The sodium hydroxide 
solution when treated with alcohol yields the sodium salt, which on 
boiling with alcoholic methyl iodide yields p-anisylmercuric chloride. 
Boiling with hydrochloric acid gives mercuric chloride and phenol, and 
ethereal iodine solution gives mercuric iodide and p-iodophenol. The 
acetyl derivative melts at 235° C, and with sodium thiosulphate a 50 per 
cent. }deld of mercuri-bis-p-phenol diacetate results. 

Mercuri-bis-o-phenol, HO.C6H4.Hg.CeH4.OH.--o-Chloromercuri 
phenol dissolves in sodium thiosulphate solution, giving a clear solution 
which rapidly becomes cloudy, a white precipitate eventually separating 
out. In small quantities it may be recrystallised from alcohol, if the 
operation be conducted rapidly, small, white, glistening tablets being 
obtained. I t is easily soluble in ethyl acetate or acetone, insoluble in 
water, benzene, ether, or chloroform. When heated alone its colour 
changes to gray without melting, but the alcoholic solution when rapidly 
boiled soon decomposes, metallic mercury separating out. I t has the 
characteristic properties of a phenol, being soluble in caustic alkali, 

1 Manieli, Gazzetta> 1922, 52, i. 352. 
2 Bimrotli, Ben, 1898, 31, 2154 ; 1902, 35, 2853. 
3 Spe Mameli and Oocconi, Gazzetta, 1922, 52, ii. 113. 
4 Oewsquelle, BuU. Hoc. chim., 1894, (3), 11, 268; Dimroth, Ber., 1898, 31, 2155; 

1899,32, 761; Uriitzner, Arch. Pharm., 1899,236,622; Wliitmore and Middleton, </. Amer. 
Vhem. Soc.t 1921, 43, 619. 
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insoluble in sodium carbonate, and is precipitated unchanged from its 
alkaline solutions by carbon dioxide.1 

DERIVATIVES OF AXISOLE.2 

Mercuri-bis-o-anisole.—The best method of obtaining this com
pound is that due to Whitmore and Middleton, which consists of heating 
o-iodomercuri anisole with alcoholic potassium iodide solution in a 
reflux apparatus. I t also occurs as a by-product in the preparation of 
o-iodomercurianisole, from which compound it may also be derived by 
the action of sodium stannite solution. 

The usual method for preparation of compounds of the type R2Hg is 
also available, namely, heating together o-bromoanisole and 1-5 per 
cent, sodium amalgam. 

I t crystallises from hot alcohol in prisms, M.pt. 108° C.; soluble in 
chloroform and benzene. When treated with mercuric chloride in 
alcoholic solution it yields the chloride, and when dissolved in hot acetic 
acid, o-acetoxymercuri-anisole (M.pt. 123° to 124° C.) is formed, which 
may be precipitated by the addition of water. 

o-Chloromercuri anisole.—This was first obtained in small yield 
by Dimroth, when dry mercuric acetate was warmed with excess of 
anisole. After removal of the p-acetoxymercuri anisole, the mother-
liquors are treated with sodium chloride, and the mixture steam distilled, 
the excess of anisole passing over; the product is recrystallised from 
benzene, and has M.pt. 173° to 174° C. I t crystallises from alcohol in 
needles and from chloroform in plates. When obtained by heating 
mercuri-bis-o-anisole (1 gram) with 0-7 gram of mercuric chloride in 
25 c.c. of alcohol for fifteen minutes, the crystals melt at 177° to 178° C. 
The corresponding bromide melts at 183° C. 

o-Iodomercuri anisole is best prepared by gently heating an 
alcoholic alkaline solution of o-chloromercuri phenol with methyl iodide ; 
it is also formed when the chloride is treated with potassium iodide 
solution. I t crystallises in colourless needles, M.pt. 165° C , which 
react with alcoholic potassium iodide to form mercuri-bis-o-anisole. 

Mercuri-bis-p-anisole.3—p-Bromoanisole (100 grams), 80 grams 
of xylene, 1/10 the volume of ethyl acetate, and sufficient 1-5 per cent, 
amalgam to give double the quantity of sodium required in the reaction 
are heated in an oil-bath at 160° C. for twenty-four hours. The flask 
should be frequently shaken, and more ethyl acetate added at eight-
hour intervals. The residue obtained crystallises from hot benzene 
in transparent needles, 200 grams of p-bromoanisole yielding about 
80 grams of pure product. I t melts at 202° C , sublimes on strong 
heating, and is readily soluble in hot benzene or cold chloroform. Pro
longed heating with hydrochloric acid decomposes it to anisole and 
mercuric chloride. I t readily reacts with phosphorus and bismuth 
chlorides, forming mercuric chloride and phosphorus or bismuth anisyl 
halides. 

1 For mercury compounds of p-chlorophenol, see German Patent, 234851; phenol 
and cresol sulphonic acids, German Patent, 410969; phenol-p-sulphonic acid, Kupp 
and Herrmann, Arch. JPharm., 1916, 254, 500. 

2 Dimroth, Ber., 1902, 35, 2863; Manohot, Annakn, 1920, 421, 340; Whitmore and 
Middleton, J. Amer. Ohem. Sac., 1923, 45, 1753 ; Michaelis, Ber., 1894, 27, 257. 

3 Michaelis and Rabinerson, Bzr.r 18§0, 23, 2342. 
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p-Chioromercur i anisole may be obtained : 
1. By mixing alcoholic solutions of mercuric chloride and mercury 

dianisyl. 
2. By boiling the alcoholic solution of the double salt of trianisyl 

stibine and mercuric chloride, (OMe.CgHJgSb.HgClg.1 

H. By adding sodium chloride to the product obtained when 1 mol. 
of anisofe and 1 mol. of mercuric acetate react in aqueous solution.2 

I t crystallises in colourless, pearly plates, M.pt. 239° C, readily 
soluble in hot benzene or cold chloroform, but with difficulty in alcohol. 
With arsenic trichloride on heating it forms anisyl dichloroarsine.3 

The bromide is a similar compound, M.pt. 187° C.; the iodide forms 
colourless plates, M.pt. 227° C, and may be prepared by the use of 
potassium iodide, or by heating p-hydroxymercuri phenol with methyl 
iodide in alkaline alcoholic solution. 

The compound mentioned in method 3 above, obtainable from 
mercuric acetate and anisole, is stated by Manchot to possess the formula: 

(C7H8O.HgOH)OH or C7H8O.Hg(OH)2 

It crystallises in white needles, sintering at 164° C. and melting at 169° 
C. Another method of preparation is as follows: 7-8 grams of anisole 
(1 mol.) and 70 grams (3 mols.) of mercuric acetate in 700 c.c. of 
water are maintained at 50° C. and shaken for half-hour periods during 
three to four days. The product when crystallised from 25 per cent. 
acetic acid is obtained in fine needles, M.pt. 173° C, and although its 
melting-point differs from that of the first preparation, analysis shows 
the two compounds to be identical. The substance is unchanged when 
treated with sodium hydroxide, ammonium hydroxide, or sulphide, but 
decomposes when warmed with dilute hydrochloric acid. The above 
formula! have recently been criticised by Dimroth,4 who has shown that 
Manchot's compound consists of a mixture of p-acetoxymercuri anisole 
and 2 : 4-diacetoxymercuri anisole, M.pt. 197° C. 

p-Acetoxymercuri anisole, MeO.C6H4.HgOAc.—Dry mercuric 
acetate and excess of anisole (8 mols.) are heated on the water-bath 
until a test portion gives no precipitate with sodium hydroxide. The 
solution on cooling deposits crystals of the acetate, which crystallise 
from dilute alcohol in needles, M.pt. 176-5° C. The mother-liquors 
from this preparation contain o-acetoxymercuri anisole. 

A similar product is obtained when mercuri-bis-p-anisole is dissolved 
in acetic acid. The substance yields the chloride when treated with 
aqueous sodium chloride. 

p-Anisylmercuric oxide, 

.Hg.CeH^OMe 

\Hg.C6H4.OMe 

When the preceding halogen compounds are treated with aqueous 
sodium carbonate, the oxide is deposited as the solution cools. I t 
crystallises from alcohol in fine, white needles, M.pt. 177° C., easily 
soluble in alcohol or hot sodium carbonate, but with difficulty in water. 

• l Loloff, Ber.t 1897, 30, 283G. 
3 Manchot, Annalen, 19209 421, 340. 
3 Boeder and Blaise, Ber.v 1914, 47, 2752, 
4 Dimroth, Ber., 1921, 54, [B]f 1504. 
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The solution has an alkaline reaction and absorbs carbon dioxide from 
the air. 

Derivatives of p-Allyl anisole, Methyl chavicol.1—When 
treated with mercuric acetate this compound yields a syrup, from which 
two chlorides and bromides are obtainable. The first chloride is soluble 
in alcohol but insoluble in water, and forms white, glistening needles, 
M.pt. 81° to 82° C.; the isomeride forms a resinous mass, insoluble in 
alcohol. The second chloride hardens when first heated, but softens 
at 55° C. without showing any definite melting-point, and both isomers 
yield p-allyl anisole on reduction. The acetate gives a bromide, white 
needles, M.pt. 70° C, and also a resinous isomeride. 

DERIVATIVES OF PHENETOLE. 

Mercuri-bis-o-phenetole is obtained : 
1. By heating o-iodomercuri phenetole under reflux with alcoholic 

potassium iodide, thiocyanate, or sodium thiosulphate.2 

2. As a by-product in the preparation of o-iodomercuri phenetole 
(see below). 

3. From o-bromophenetole and sodium amalgam.3 

The substance crystallises in needles, M.pt. 83° C, is soluble in the 
usual organic solvents, and has similar properties to the anisyl derivative. 

The following compounds have been obtained from it in the usual 
manner; o-acetoxymercuri phenetole, tablets, M.pt, 150° to 155° C.; 
chloride, needles, M.pt. 132° C.; bromide, needles or prisms, M.pt. 121° C.; 
iodide, needles or prisms, M.pt. 111-5° C. Whitmore's preparation of 
the latter compound is of interest. Five grams of o-chloromeretiri 
phenol in 50 c.c. of 50 per cent, alcohol, 0-7 gram of sodium hydroxide, 
and 3-5 grams of ethyl iodide are gently heated on the water-bath 
for one hour. On cooling a small quantity of mercuri-bis-o-phenetole 
separates out and is removed. Addition of water precipitates the 
iodide. Yield 7 grams. 

Mercuri-bis-p-phenetole separates as leaflets from benzene, 
M.pt. 135° C. It is obtained by the amalgam method. 

p-Acetoxymercuri phenetole occurs as tablets, sintering at 100° C. 
and melting at 162° C. I t is prepared by the same methods as used for 
the anisyl compound. 

p-Chloromercuri phenetole.—The melting-point of this compound 
appears to differ slightly according to the method of preparation. From 
the acetate by aqueous sodium chloride, the M.pt, is 234° C. ; 4 from 
mercuri-bis-p-phenetole and mercuric chloride, M.pt. 241-5° C. ; s from 
the compound EtO.C6H5 .Hg(OH)2 , and sodium chloride, M.pt. 238° C.6 

I t may also be prepared by boiling an alcoholic solution of (C8HgO)3Sb. 
HgCl2. The bromide crystallises in needles or leaflets, M.pt. 241-5° C, 
and the iodide in needles, M.pt. 216° C. The oxide is deposited in fine 
needles from alcohol, M.pt. 202° C. 

The compound, EtO.C6H5.Hg(OH)2 or (EtO.C6H5,HgOH)OH, is pre-
1 Balbiano and Paolini, Ber., 1903, 36, 3580; Gazzetta, 1906, 36^ i. 264; Balbiano, 

Ber., 1909, 42,1505. 
2 Whitmore and Middleton, J. Amer. Ohm. Soc, 1923, 45, 1753. 
3 Miohaelis, Ber., 1894, 27, 261; Bimroth, ibid,, 1899, 32, 758. 
* Dimroth, loc, tit; Miohaelis, Ber., 1894, 2% 259. 
8 Miohaelis, he. cti. 
& Manchot, Annate*, 1920, 421, 340. 
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parcel as follows : 12-2 grams of phenetole (1 mol.) and 31-8 grams of 
mercuric acetate in 318 c.c. of water are heated at 50° C. for ten days, 
with frequent shaking. Yield 18 grams. I t crystallises from dilute 
alcohol in small needles, M.pt. 135-5°lC, from methyl alcohol in spherical 
or globular aggregates, from water in fine silky needles. When warmed 
with dilute hydrochloric acid it decomposes, but with 10 per cent, 
potassium bromide, a bromide, M.pt. 193° C, is isolated, which is probably 
an impure form of the bromide referred to above, M.pt. 241-5° C. I t 
has been stated more recently l that the compound, EtO.C6H5.HgOH, 
can be separated into p-acetoxymercuri phenetole and 2 : 4-diacetoxy-
mercur i phenetole, M.pt. 183° to 184° C. 

DERIVATIVES OF NITROPHEKOLS. 

Anhydride of 4-hydroxymercuri-2-aci-nitrophenol,3 

o 
li 

| /
S s ]=NO 

I t 

V 
Hg 0 

The sodium salt of o-nitrophenol is shaken with the calculated amount 
of mercuric acetate in aqueous solution, when the anhydride separates 
out as a yellow precipitate. When treated with bromine or iodine in 
potassium iodide, bromo-2-nitrophenol and iodo-2-nitrophenol result. 

4-Chloromercuri-2-nitrophenol is formed when the above 
anhydride is treated with hydrochloric acid. I t forms colourless solu
tions in acetic acid or acetone, but yellow solutions in pyridine; it is 
somewhat soluble in alcohol or ether and insoluble in chloroform. 

4-Hydroxymercuri -2 -nitrophenol forms pale yellow crystals, M.pt. 
240° to 250° C , obtained by treating a sodium hydroxide solution of the 
anhydride with dilute sulphuric acid. I t is readily soluble in acetone, 
less soluble in hot alcohol, and insoluble in water. Its sodium salt crystal
lises from alcohol in dark red crystals. 

4-Acetoxymercuri-2-nitrophenoL3—To a warm solution of 
10 grams of o-nitrophenol in 200 c.c. of water and 10 c.c. of 40 per cent, 
sodium hydroxide, a solution of 22-3 grams of mercuric acetate in 200 c.c. 
of water plus a few drops of acetic acid is added drop by drop. The 
precipitate first formed is orange, but after two hours' stirring this 
becomes pale yellow, when it is filtered and washed with very dilute 
boiling acetic acid. The product obtained is dissolved in 5 per cent. 
sodium hydroxide, filtered and re-precipitated by acetic acid, the result
ing substance after washing and drying weighing about 16 grams. I t 
is easily soluble in hot glacial acetic acid, but insoluble in ordinary 
organic solvents.4 

6«Acetoxymercuri-2-nitrophenoL—A mixture of 15 grams of 
o-nitrophenol and 3 grams of mercuric acetate is gradually heated to 150° 

1 Oimroth, Ber., 1921, 54, [B], 1504. 
2 Hantzsch and Anld, Ber., 1906, 39,1105. 
3 Raiziss and Proskouria&off, J. Amen Ohem. 80c,, 1922, 44, 787: see Hodgson, ibid., 

1027,49.2840. ^ S 

4 Hodgson, loc. ciL 
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C. during one hour, then kept at 140° to 150° C. with frequent shaking 
for four hours. The reaction mixture is then treated with a saturated 
solution of sodium chloride and steam distilled. From the non-volatile 
residue 2 grams of 6-chlorom,ercuri-2~nitro phenol is obtained by extraction 
with boiling alcohol. The light brown colourless residue is dissolved in 
dilute sodium hydroxide, filtered and re-precipitated by acetic acid. 
Crystallisation from acetic acid gives a pale brownish-yellow product, 
unmeited below 300° C. The product is transformed by iodine in 
potassium iodide to 6-iodo-2-nitrophenol. 

The melting-points and crystalline forms of the 6- and 4-halide-
mercuri-2-nitrophenols is as follows : 6-fluoro-, pale yellow plates, M.pt. 
187° C.; 6-chloro-, pale yellowish-brown rectangular plates, M.pt. 
135° C.; 6-bromo-, pale yellow plates, M.pt. 177° C. ; 64odo-, deep 
yellow needles, M.pt. 215° C.; 4>-ftuGro~, micro-crystalline plates, M.pt. 
195° C.; 4>-ckloro~, creamy yellow micro clusters, M.pt. 205° C. ; 4-
hromo-, needles, M.pt. 236° C.; 4^-iodo-, bright yellow needles, M.pt. 
above 300° C. 

Sodium - 6 - hydroxymercuri - 2 - nitrophenolate gives scarlet 
crystals; the 4-compound is deeper red.1 

Anhydride of 2-hydroxymercuri-4-aci-nitrophenol,2 

0 
II 

NO O 

This product is a yellow powder, formed by prolonged boiling of a dilute 
alcoholic solution of mercuric acetate with sodium p-nitrophenoxide. 
I t yields a double salt with pyridine, which is a scarlet powder decom
posing at 190° C. into its constituents. The mercury must be ortho to 
the hydroxyl group, since 2 : 6-dibromo-p-nitrophenol does not yield a 
corresponding derivative. The anhydride does not react with potassium 
iodide or hydrogen sulphide, but with iodine it gives mercuric iodide and 
o-iodo-p-nitrophenol. 

2-Chloromercuri-4-nitrophenol occurs as colourless crystals, 
M.pt. 175° C. I t may be obtained by adding hydrochloric acid to the 
anhydride, or by treating the mixture used in the preparation of the 
acetoxymercuri compound with warm dilute sodium hydroxide, when 
an orange deposit of the monosodium salt appears on cooling. This is 
filtered off, dissolved in water, and the solution acidified with hydro
chloric acid, when the chloride is deposited as a white precipitate, which 
is recrystallised from 50 per cent, alcohol. The chloride is soluble in 
alcohol and ethyl acetate. 

2-Hydroxymercuri-4-nitrophenol, obtained from the sodium 
salt, is an amorphous powder, M.pt. 206° C, soluble in acetone, alcohol, 
or acetic acid, giving colourless solutions, but a slightly yellow solution 
in pyridine. Its sodium salt contains 0-5 mol, of water of crystallisation, 
is easily soluble in water, and darkens when heated. 

2-Acetoxymercuri-4-nitrophenoL—Aqueous solutions of equi-
1 For compounds from o-nitrophenol with mercuric nitrate and 4-chloro-2-nitrophenol 

with mercuric oxid©, see German Patent, 234851. 
2 Raiziss and Proakoari&fcoff, he. cit. 

V O L . x i . : i . 10 
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molecular quantities of mercuric acetate and sodium p-nitrophenolate 
are boiled for two hours, the yellow precipitate washed with water and 
recrystailised from hot glacial acetic acid. This compound is dried for 
three days over calcium chloride and found to contain some dimercurated 
derivative when analysed.1 

2 : 2'-Mercuri-bis-4-nitrophenol2 is isolated from its sodium salt, 
the latter being obtained from the corresponding oxide by reduction with 
sodium sulphide. This oxide is formed from sodium p-nitrophenolate 
and mercuric acetate, the two being boiled in aqueous solution. 

Anhydride of 2-Hydroxymercuri-4-aci-nitro-6-nitrophenol,3 

o 
II 

N02l/V-Hg 

NO 0 

Freshly precipitated mercuric oxide and the calculated quantity of 
dinitrophenol are boiled together in aqueous solution for sixteen hours, a 
lemon-yellow powder resulting which is only slightly soluble in water or 
alcohol, and insoluble in other solvents except pyridine. When heated 
with the latter it forms a double compound which may be precipitated 
by the addition of ether. This derivative is dark yellow in colour and is 
decomposed when heated, and in aqueous solution it yields no mercury 
ions. When the anhydride is treated with bromine, o-bromodinitro-
phenol is formed, and with dilute hydrochloric acid the chloromercuri 
derivative is obtained, a colourless, crystalline powder, M.pt. 182° C. 
with decomposition, 

2-Hydroxymercuri-4: 6-dinitrophenol, obtained as a micro-
crystalline powder from alcohol, is neutral to litmus. I t may he pre
pared from its sodium salt. The latter is formed when the chloride 
is treated with concentrated sodium hydroxide, and it crystallises from 
water or alcohol in orange-red prisms containing 1 mol. of water of 
crystallisation, and which explode when strongly heated. 

Anhydride of 3 ~hydroxymercuri-4-aci-nitro-2 : 6-dinitro-
phenol, 

o 
11 

N 0 2 / \ N O a 

lJ~Hg 
li i 
NO—O 

Mercuric oxide (8*4 grams) is shaken for several hours with a solution of 
15 grams of picric acid in 800 e.c. of water at 80° C , when orange-yellow 
needles separate. If this mixture is then boiled the anhydride results. 
I t yields small, pale yellow crystals which are only slightly soluble in 
the usual solvents and decompose without melting. In aqueous solu
tion it is a non-electrolyte, and with dilute hydrochloric acid the chhro-

1 Uaiziss and Proskouriakoff, J. Amer. Chem. Soc.t 1&22, 44, 787. 
2 Pourneau and Vila, J. Pharrn. Gkim., 1912, [vii.], 6, 433. 
s Hantzaeh and Auld, Ber.t 1906, 39* 1105. 
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mercuri compound is formed, pale yellow crystals, M.pt. 118° C. These 
crystals with sodium hydroxide give the sodium, salt, yellow needles, 
which in turn are decomposed by dilute sulphuric acid, yielding the 
hydroxym ercuri derivative. 

DERIVATIVES OF AMINOPHENOLS. 

2 : 2 ' -Mercu r i -b i s -4 - aminopheno l 1 is obtained from the corre
sponding nitro compound by reduction in alkaline solution with sodium 
hydrosulphite. I t forms heavy needles, insoluble in water, but readily 
soluble in alcohol. The hydrochloride crystallises in brilliant needles, 
soluble in water. The free base in alkaline solution is rapidly oxidised 
on exposure to air, and its acetyl derivative crystallises in slender needles, 
soluble in alkali, forming stable solutions. 

4 -Ace toxymercu r i -m-d ime thy laminopheno l 2 

NMe3 

HgOAc 

A solution of 2-8 grams' of m-dimethylaminophenol in 10 c.c. of alcohol 
is mixed with 7 grams of 90 per cent, mercuric acetate in 30 c.c. of water. 
A jelly forms, and this when heated for two minutes on the water-bath 
melts, and yellow crystals separate. The precipitate is collected, 
washed with water, and dried in vacuo. Yield 7-4 grams, 92 per cent. 
I t forms dirty yellow crystals, insoluble in the usual solvents, except 
pyridine. I t dissolves in sodium hydroxide, and the solution may be 
boiled without decomposition. In water it only dissolves to a slight 
extent, the solution giving mercuric sulphide on addition of ammonium 
sulphide. When the dry product stands for two weeks metallic mercury 
separates out. If the substance is slowly heated it melts with decom
position at 100° to 110° C. 

When m-dimethylaminophenol is heated with mercuric acetate in 
equimolecular proportions mercury is precipitated, and a mercury-free 
pink dye is formed. 

The acetoxymercuri compound when methylated yields 4<~aeeioxy-
mercuri-m-dimeihyla?ninoanisole hydrochloride, pink leaflets, M.pt. 140° 
to 150° C , and at 190° C. it decomposes with evolution of gas and 
formation of a pink, fluorescent dye. 

4 -Ace toxymercur i -m-dimethyIaminophenyl aceta te is pre
pared as above, using m-dimethylaminophenyl acetate. Yield 78 per 
cent. I t forms colourless crystals, M.pt. 110° C. (corr.), readily soluble 
in hot alcohol. The cold alcoholic solution with ammonium sulphide 
gives a yellow precipitate which blackens in a few minutes. When the 
substance is warmed for a few minutes with dilute sodium hydroxide, 
cooled and neutralised with acetic acid, ammonium sulphide immedi
ately gives mercuric sulphide. This is no doubt due to the hydrolysis of 
the acetyl group by alkali and the formation of the less stable mercury 
derivative of m-dimethylaminophenol. The dry acetate blackens when 
kept for several months. 

1 Fourcxeau and Vila, J. Pharm. Ohim., 1912, [vii.], 6, 433. 
2 Kharasch and ChalMey, J. Amer, Chem. 8oc.* 1924, 46,1211, 
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Mercur i -b is -m-hydroxyphenyl - t r imethylammonium acetate . 
—A solution of 5-6 grams of m-hydroxyphenyl-trimetlrylammonium 
iodide in 20 c.c\ of water is shaken with the silver oxide from 4-6 grams 
of silver nitrate. After ten minutes the solution is filtered and neutral
ised with acetic acid. I t is mixed with a solution of 7-1 grams of 90 per 
cent, mercuric acetate, and the mixture heated until a test portion gives 
a yellow and not a black precipitate with ammonium sulphide. The 
solution is evaporated to dryness in vacuo and the residue dissolved in 
about 15 c.e. of alcohol, and 275 c.c. of acetone added. The solution is 
warmed until clear, then the liquor poured off, 450 c.c. of acetone added, 
and the whole allowed to stand for twenty-four hours, when colourless 
crystals separate. These are collected and dried in vacuo. Yield 2-2 to 
2-8 grams, 53 to 69 per cent., calculated on the following equation :— 

,NMea AcO.OTTe, AcO.NMe, 
/ * '3 Auu.mueg j3.cu.ji\me3 

/X OAc .OAc 

OH + H S < X 0 A c " SO Hg- ; +2AC.OH 

I t may be purified by solution in alcohol and precipitation with 
acetone. The substance is a white, very hygroscopic powder, which 
melts with decomposition and evolution of gas at 116° to 117° C. (corr.). 
I t is soluble in water or alcohol, but insoluble in ether. Its aqueous 
solutions decompose on standing for a week, yielding a white precipitate 
and inorganic mercury in solution. 

3-Ghloromercuri - m - hydroxyphenyl - t r ime thy lammonium 
anhydride.—A solution of 2-3 grams (1 mol. equivalent) of the pre
ceding compound in 5 c.c. of 60 per cent, alcohol is treated with 0*9 
gram (0*9 molecular equivalent) of mercuric chloride in 12 c.c. of 60 
per cent, alcohol. The suspension is shaken and gently warmed until 
practically all the precipitate has dissolved, the liquor poured off and 
allowed to stand for twenty-four hours. From this, 0-6 gram of solid 
is obtained, 25 per cent. The dry compound is insoluble in cold water, 
but readily dissolves in dilute acetic acid. I t melts with decomposition 
at about 130° to 150° C, turning purple. 

2 :6-Diacetoxymercuri - p - hydroxyphenyl - t r ime thy lam
monium acetate, C6H2(l)OH(4)NMe3.OCOCH3(2:6)(HgOAc)2, forms 
large colourless needles which, when slowly heated, decompose with gas 
evolution at about 155° to 160° C. I t is extremely soluble in water, 
insoluble in benzene, acetone, or ether. 

2 - Ghioxomercuri - p - hydroxyphenyl - t r ime thy lammonium 
acetate, C6H3(l)OH(4)NMe3.OCOCH3(2)HgCl, obtained from the 
mother-liquors of the preceding compound, decomposes at 155° to 160° C, 
turning blue-green. I t is solubleln pyridine, sparingly in water, and is 
stable when dry. 

3 : 5 - Dichloromercuri - o - hydroxyphenyl - t r ime thy lam-
moniiim anhydride, 

y—imea 

ClHgl^HgCl 

The product of reaction between o-hydroxyphenyltrimethylammonium 
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hydroxide and mercuric acetate is treated with sodium chloride. The 
compound is practically insoluble in water, but dissolves in dilute 
sodium hydroxides acetic acid, or pyridine. When heated it suddenly 
becomes violet a t about 200° to 210° C , and 5° or 10° higher suddenly 
becomes brick-red and decomposes. 

(4 :6)? Dich lo romercur i - ni - aminophenyl - t r i m e t h y l a m -
m o n i u m aceta te is obtained by the action of mercuric acetate on m-
aminophenyl-trimethylammonium chloride. I t forms colourless or pale 
brown crystals which decompose at 200° C. I t is sparingly soluble in 
water, the solution giving an immediate black precipitate with ammon
ium sulphide.1 

DERIVATIVES OF CRESOLS. 

The mercuration of o-cresol by mercuric acetate in aqueous acetic 
acid solution, using equimolecular quantities of the reagents, gives rise 
to three products, in yields as given below : 2 

OH 

HgOAe 
50-3 to 62-3 per cent. 

4-Ace toxymercur i -o -c reso l (I.) melts at 158° to 1553 € . and de
composes at 186° to 190° C.; it is converted by bromine into 4-bromo-o-
eresol, and yields a chloromercuri compound, melting with decomposition 
at 200° to 202° C , and a nitratomercuri derivative, M.pt. 212° to 213° C. 
with decomposition. 

6 -Ace toxymercur i -o -c reso l (II.) melts at 123° to 125° C. and 
decomposes at 191° C , and. is transformed into 6-bromo-o-cresol on 
bromination. I ts chloride and nitrate melt a t 160° to 1(52° C. and 208° to 
210° C. respectively with decomposition. 

4 : 6 "Diace toxymercur i -o-c reso l (III.).—The yield of the product 
may be increased by raising the temperature in the above reaction or by 
using 2 mols. of mercuric acetate. The diacetoxy compound melts 
with decomposition at 192° to 195° C , and yields dichloromercuri and 
dlniiratomercuri derivatives, melting with decomposition a t 210° to 212'" 
0- and 222° C. respectively. The above three compounds when nitrated 
give i: 6-dinitro-o-cresol. 

2 : 6 -Diace toxymercur i -p -c re so l , 3 

OH 
AeOHg/NHgOAc 

i I 
V 

When p-eresol is mercurated, using mercuric acetate, two products are 
formed, one a monoacetoxymercuri and the other a diacetoxymercuri 

1 Jtfor mechanism of mercuration of o-aeetaminoplkJiiols, see Masehmann, Antialmf 
1026, 450, 85. 

2 Mameli, Gwzetta, 1926, 56, 948. 
3 Dimroth. B r., 1902, 35, 2853. 

II. 

OH 

A c O H g / \ ) H 8 

I 

V 
13-4 to 20-7 per cent. 

OH 

III. 
AoOHgf X,0H3 

HgOAc 
2-6 to 7-0 per cent. 
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compound. To 21*6 grams of mercuric oxide in 500 c.c. of water, 
10*8 grams of p-cresol in a little alcohol and 18 grams of acetic acid are 
added. If left at room temperature the reaction is complete in two 
days, but if carried out at 90° C. it only takes thirty minutes. The 
mixture is filtered whilst hot, and the residue is almost pure diacetoxy-
mercuri compound. It crystallises from dilute acetic acid in granular 
crystals, which contain 1 mol. of water of crystallisation when dried in 
air, and when heated it decomposes at about 200° C. without melting. 

Chloromercuri-p-cresol is obtained from the warm mother-
liquors in the above preparation by the addition of sodium chloride. It 
separates in fine needles, which are contaminated with the chloride from 
the diacetoxy compound. To effect a separation the mixture is treated 
with cold alcohol, the solvent partially removed, and the substance 
precipitated by water and recrystallised from hot benzene, when long 
branching needles are obtained. These are readily soluble in cold 
alcohol and melt at 166° C. to a clear liquid, which at 176° C. becomes 
turbid, and again solidifies at 183° C. Its benzoyl derivative melts at 241° 
to 242° C. The corresponding iodide cannot be obtained by the addition 
of potassium iodide to the acetate, since this precipitates mercuric 
iodide; but when the chloride is treated with a large bulk of boiling 
water and potassium iodide is added, the iodide separates out in fine 
needles. These become yellow at 145° C. and red at 170° C, partial 
decomposition taking place and the substance subliming. I t is easily 
soluble in ether or alcohol, with difficulty in benzene or chloroform, but 
prolonged boiling with alcohol or benzene tends to decompose it, although 
it is quite stable in boiling water. When treated with iodine it forms 
mercuric iodide and o-iodo-p-eresol. 

Anhydride of o-hydroxymercuri-p-cresol, 

[ 1 

I I 

v 
OH 3 

1. The chloride is dissolved in dilute sodium hydroxide and carbon 
dioxide passed in, the anhydride being precipitated. 

2. By adding the requisite amount of boiling sodium carbonate 
solution to an alcoholic solution of the chloride. 

I t is a fine white powder, insoluble in the usual solvents, but soluble in 
phenol. When dissolved in an excess of 12 per cent, sodium hydroxide, 
carbon dioxide passed in, and the mixture slowly cooled, the sodium 
nail separates in needles which are decomposed when exposed to light. 
Treatment of the anhydride with hot dilute acetic acid gives the o-acetoxy-
mercuri compound, which sinters at 150° C. and melts with decomposition 
at 163° C. 

Mercuration of p-cresol methyl ether.1—The ether (4-8 grams• 1 
mol.) is shaken with a solution of 38-4 grams of mercuric acetate (3 mols.) 
in a stoppered flask for several days at 50° C. The precipitate is then 
removed and washed with water until the washings give no reaction for 
mercury. About 12 grams of product are obtained which, after crystalli
sation from 20 per cent, acetic acid and then from alcohol, yield long 
needles, M.pt. 131*5° C. When the ether and mercuric salt are used in 

1 Manehot, Annalen, 1920, 421, 335. 
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the proportion 1 : 1, the resulting product melts at 132" C.1 Analysis 
of this substance agrees with the formula : 

3Me.C6H,.OMe.Hg(C2H302)2.2HgO 

I t is unaffected by ammonium sulphide or sodium hydroxide, but when 
its clear alcoholic solution is treated with aqueous sodium chloride, 
chloromercuri-p-wesol methyl ether, Me.C6H4.OMe.HgCl5 is precipitated. 
This crystallises from 9C per cent, alcohol in white needles, M.pt. 1G2C C, 
which are not acted upon by ammonium hydroxide, sulphide, or sodium 
hydroxide, although easily soluble in the latter. 

DERIVATIVES OF THYMOL.2 

o(?) - Ch loromercur i thymol.—To a hot alcoholic solution of 5 grams 
(1 mol.) of thymol, 10-6 grams (1 mol.) of mercuric acetate in acetic 
acid-alcohol solution are added, and the mixture boiled for one hour. On 
cooling, a slight precipitate of 0-5 gram of dimercuri compound is de
posited, and after filtering, sodium chloride solution is added, when chloro
mercuri thymol is obtained as a voluminous precipitate. This is re-
crystallised from 40 per cent, alcohol, hair-fine needles, M.pt. 139-5° C, 
being deposited. Yield 10 grams. The substance is readily soluble in 
dilute sodium hydroxide, but if the latter is too concentrated the sodium 
salt is produced. 

2 : 6-Diacetoxymercuri thymol is formed when 2 mols. of mercuric 
acetate are used to 1 mol. of thymol, the reaction being carried out 
in boiling alcoholic solution containing some acetic acid. After a 
time the mixture which practically solidifies is cooled, filtered, and re-
crystallised from ethyl acetate-acetic acid mixture, white shining needles 
coming down. These melt at 215° to 216° C. with decomposition, and 
are soluble in sodium hydroxide, from which the sodium salt crystal
lises in plates,3 A hot 10 per cent, solution of sodium hydroxide yields 
2 : Q-dihydroccymercuri thymol, which crystallises in colourless plates, con
taining 3 mols. of water of crystallisation; in aqueous solution it is 
converted by carbon dioxide into the anhydride, 

/ H g 
OH.Hg.C6HMePr< | 

x O 

With sodium chloride, 2-6-dichloromercuri thymol is formed. M.pt. 210° 
to 211° C. with decomposition, which may be reduced to thymol by 
zinc and potassium hydroxide. The corresponding iodomercuri com
pound is also known, and a 2 : Q-dinitratomercuri thymol formed from the 
diacetate and 5 per cent, nitric acid. 

2-Acetoxymercuri thymol, prepared in the usual manner, forms 
a lustrous, white powder, M.pt. 147° C , decomposing at 182° C.a and 
giving an immediate precipitate with ammonium sulphide, but with 
hydrogen sulphide only in the presence of hydrochloric acid. With 
so'dium chloride the 2-chloromercuri derivative is formed, M.pt. 144° to 
145q C , decomposing about 160° C* This compound is probably 

1 Dimroth, B&r., 1921, 54, [B], 1504, gives the melting-point as 136° C. 
2 Dimroth, Ber., 1902, 35, 2853. 
3 See Merck, Arch. Pharm., 1893, 231, 124 ; Paolini, Gazzetia, 1921, 51, ii. 188 ; &upp, 

Arch. Pharm.> 1917, 255, 191. 
4 Mameli and Mamell-Mannessier, OazzeUa, 1922, 52, ii. 1. 
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identical with Dimroth's chloride mentioned above. The following 
thymol-2-derivatives are also known: Bromide, crystalline powder, 
contracting at 140° C. and reddening and subliming at 180° C. ; sulphate, 
amorphous, white powder, reddening without melting at 220° C. ; nitrate, 
pink powder, M.pt. 148° to 150° C, decomposing at 155° C. and turning 
violet in the light; oxide, white precipitate, M.pt. 195° C. with decom
position. 

6-Acetoxymercuri thymol occurs as small, lustrous crystals, M.pt. 
163° C, decomposing at 178° to 180° C. The bromide is a white com
pound, M.pt. 149° C. with decomposition ; sulphate, amorphous powder, 
decomposing at 235° C.; nitrate, white powder, M.pt. 167° C. with decom
position ; oxide, white powder, blackening at 180° C, and decomposing 
about 205° C. ; hydroxide, M.pt. 190° to 195° C. with decomposition. 

2-Acetoxymercuri-6™iodothymoI1 forms white crystals, redden
ing at 170° C. and melting at 175° C. with decomposition; the -chloride 
turns yellow at 119° C. and melts at 322° to 124° C,; the bromide turns 
yellow at 102° C.s M.pt. 105° to 108° C.; oxide, M.pt. 162° to 165° C. with 
decomposition. 

3 - Acetoxymercuri - 4 - hydroxy - 2 - methyl - 5 - isopropyl -
benzaldehyde ,2™Molecular proportions of 4-hydroxy-2-methyl-5-isopro-
pylbenzaldehyde (p-thymolaldehyde) and mercuric acetate, in alcoholic 
solution containing a little acetic acid, are boiled for fifteen minutes and 
cooled. The precipitated product crystallises from acetone containing a 
small quantity of acetic acid in colourless, hard prisms, sintering at 
179° C. and decomposing at 185° C. Iodine in potassium iodide solution 
splits off the mercury, with probable formation of 3~iodo-4-hydroxy-2-
methyl-5-isopropylbenzaldchyde. pale yellow, octagonal prisms, M.pt. 
128° to 129° C. 

DERIVATIVES OF CARVACKOL.3 

Acetoxymercuri and Diacetoxymercuricarvacrol.—Solutions 
of carvacrol (1 mol.) and mercuric acetate (2 mols.) in 50 per cent, 
alcohol are boiled for fifteen minutes, then cooled, a crystalline sub
stance separating out. Concentration of the filtrate gives a pale yellow 
oil, which may be crystallised on warming with alcohol. The mother-
liquors from the oil are mixed with ihe alcoholic filtrate from the 
solid, and the above process of concentration, etc., repeated. In this 
way eight crops of crystals are obtained, the fourth and sixth being 
mercurous acetate, and 18 grams of carvacrol give 61*3 grams of crude 
mercury compound. The first two crops (34 grams) are practically 
pure monomercuri derivative, crops 3, 5, and 7 (21*8 grams) nearly pure 
ciiacetoxymercuri compound, whilst 8 consists of 5-5 grams of a mixture 
of the two compounds. One crystallisation of the above 34 grams gives 
pure acetoxymereuricarvacrol, in short, highly refractive, colourless 
crystals, decomposing at 196° C. Similarly crops 3, 5, and 7 yield the ' 
diacetoxymercuricarvacrol in colourless, well-formed prisms? sintering 
at 190° C. and decomposing at 215° C. Although orientation experi
ments are not very satisfactory in the case of three compounds, and since 
the mercuri residue apparently never enters the benzene ring in the meta 

1 Mamcli, UazzeUa, 1922, 52, ii. IS. 
2 Homy and Sharp, J, Ohem. SOG., 1926, p. 2436. 
3 Henry and Sharp, he. cii* 
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position to a hydroxyl group, these compounds are probably 4- or ti-
monoacetoxymercuri and 4 : 6-diacetoxymercuricarvacrols (OH in 
position 1). 

5 - Ch lo romercur i - 4 - hydroxy - 3 - methyl - 6 - i sopropyl-
benzaldehyde.—Molecular proportions of 4-hydroxy-3-methyl-6-iso-
propylbenzaldehyde (p-carvacrolaldehyde) and mercuric acetate in 
alcohol containing acetie acid are boiled for 1-25 hours. The solution is 
filtered and treated with an excess of 10 per cent, aqueous sodium chloride, 
when a pale cream-coloured precipitate is thrown down. This is filtered 
off, dried, and recrystallised from acetone containing one drop of hydro
chloric acid, small, four-sided plates being deposited, which sinter and 
darken about 209° C. and decompose indefinitely about 260° C. A 
50 per cent, yield of the corresponding 5-acetoxymercuri derivative is 
obtained when molecular proportions of p-earvacrolaldehyde and mer
curic acetate are heated for 1-5 hours on the water-bath. A yellow oil 
is formed, and this after extraction with hot ligroin is dissolved in a 
little acetic acid and the solution filtered. On cooling, colourless needles 
of 4-hydroxy - 5 - acetoxymercuri - 3 - methyl - 6-isopropylbenzaldehydc 
separate, M.pt. 120° C. These crystals contain 1 mol. of acetic acid, 
which is not lost on drying in vacuo. When treated with a solution of 
iodine in potassium iodide, a product is obtained which crystallises from 
alcohol in long, colourless needles, M.pt. 157° C. I t is probably 5-iodo-
4-hydroxy-3-methyl-6-isopropylbenzaldehyde. 

DERIVATIVES OF ALKYL PHENOLS. 

2-Acetoxymercuri-p-tert.-butylphenol.—Two molecules of the 
phenol and 1 mol. of mercuric acetate in 50 per cent, alcohol containing 
a little acetic acid are allowed to stand; a test portion dissolves in 
sodium hydroxide after about twenty hours. In three days 2*53 grams 
of product rich in monomercurated compound crystallises out in white 
needles. The nitrate on concentration gives some unchanged butyl-
phenol, and a clear yellow oil which solidifies on standing. The latter, 
after steam distillation and drying, weighs 3-6 grams. I t crystallises 
from ligroin, saturated with acetic acid, in colourless, shining plates, 
M.pt. 180° C,1 

2 :6-Diacetoxymercuri-p-tert.~butyIphenol.—Six grams of the 
phenol in 10 c.c. of alcohol and 25-6 grams of mercuric acetate in 160 e.e. 
of alcohol containing 4 c.c. of acetic acid, are mixed and boiled for one 
hour. After standing overnight the mixture is filtered, concentrated 
to half-bulk, and 200 c.c. of water added. A white, sticky solid is 
precipitated, which becomes crystalline when warmed with alcohol. 
The total yield, taking into account recovery from mother-liquors, is 
23-35 grams. I t melts a t 224° C. with decomposition, and is readily 
soluble in the usual organic solvents. When nitrated with concentrated 
acid at 0° C. i t yields 2 ; 6-dinitro~p-tert.-butylphenol, thus proving the 
positions of the mercury in the compound. 

2 -Acetoxymercuri -p-isoamylphenol is prepared in a similar 
manner to the above monomercurated product. I t crystallises in white 
flakes, M.pt. 176° to 177° C. with decomposition. 

2 :6-Diacetoxymercuri»p-isoamylphenol crystallises from acetic 
acid in shining prisms, M.pt. 123° to 125° C , containing 1 mol. of 

* Henry m d Sharp, J. Chem. Soc, 1926, p. 2434. 
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solvent. With twice its weight of ice-cold, concentrated nitric acid it 
yields 2:6-dinitro-p-isoarnylphenol. 

DERIVATIVES OF GUAIACOL.1 

Mercuric acetate reacts with guaiacol in methyl alcohol or ethyl 
alcohol—acetic acid solution to yield principally diacetoxymercuri 
guaiacol and possibly some monomercuri compound. 

4 ; 6-Diacetoxymercuri guaiacol, 
OH_Hg.OAc 

OMe<( >̂ 
Hg.OAc 

forms white crystals which turn yellow, then red when heated, but do 
not melt. Nitric acid converts the compound to 4:6-dinitroguaiacol. 
This diacetate with 5 per cent, sodium hydroxide yields an oxide, 

OH__Hg.OAc 
OMe/ \ 

an Infusible, heavy powder, turning brown at 200° to 210° C. The 
chloride is formed in the usual manner, and is a crystalline powder, 
decomposing at 179° to 1S0Q C, and the nitrate is an infusible, white, 
crystalline compound. 

5-Iodo-acetylguaiacol is also stated to give a diacetate. 
Vanillin on mercuration yields a crystalline monoacetate, which may 

be converted to the chloride, the latter giving iodovanillin on treatment 
with iodine.2 

DERIVATIVES OF SAFROL.3 

Mercuration of safrol by mercuric acetate yields a syrup containing 
two isomeric acetates, one of which eventually crystallises out, the other 
remaining as a sticky mass. Both isomers are reduced to safrol when 
treated with zinc and sodium hydroxide. The crystalline form yields a 
merciirichloride, a white crystalline powder, insoluble in water and very 
slightly soluble in boiling alcohol. When heated it blackens towards 
170° C. The syrupy isomeric acetate yields a chloride, which crystallises 
from alcohol in rosettes of hard, glistening, prismatic needles, M.pt. 138° 
C. This form can be more conveniently prepared as follows : 8*1 grams 
of safrol in a stoppered flask are shaken with 16 grams of mercuric 
acetate (1 mol.) in 160 c.c. of water for about two and a half hours 
at 50° C. When the reaction is complete the mixture is shaken with 
10 per cent, sodium chloride solution, a crystalline precipitate of the 
chloride being deposited. Yield about 12 grams. Recrystallisation 
from alcohol gives long, white, stellate, monoclinic prisms, M.pt. 136° to 
137° C. The compound gives no reaction with ammonium sulphide, 
hydroxide, or sodium hydroxide,' but if warmed with dilute hydro
chloric acid the smell of safrol becomes evident. I t is only slightly 

1 Mameli, Gazzetta, 1922, 52, ii. 23. 
2 Paolini, Gkaxetta, 1921, 51, ii. 188. 
3 Balbiano and Paolini, Ber., 1902, 35, 2998 ; Atli. M. Accad, Lintel, 1902, [v.], 11, ii. 

m ; Ber., 1903, 36, 3579 ; Balbiano, .Sen, 1909, 42, 1505 ; Manchot, AnnaUn, 1920, 421, 
320. 
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soluble in water, but easily in sodium hydroxide, from which it may be 
precipitated by hydrochloric acid. The compound is an oxychloride of 
the formula, Cj0H10OaHg(OH)Cl. The corresponding bromide is pre
pared in a similar way, sodium chloride being replaced by potassium 
bromide. I t melts at 144° to 145° C, and crystallises in" long, silky, 
shimmering, white needles from dilute alcohol. I t exhibits similar 
properties to the chloride. The iodide forms small, white needles, M.pt. 
152° C , which are decomposed by hydrogen sulphide, becoming first 
orange, then black. I t does not redden when boiled with water and is 
unchanged by potassium iodide solution. In water it is insoluble, but 
readily dissolves in dilute alcohol or sodium hydroxide. The base, 
Cj0H10O2.Hg(OH)OH, is easily obtained from the bromide by the action 
of moist silver oxide. The clear solution is faintly alkaline to litmus, 
but gives no colour with phenolphthalein. Treated with hydrochloric 
acid it becomes turbid, and on warming the mixture smells strongly of 
safrol. Potassium bromide solution decomposes it, with formation of 
the oxybromide. 

Isosafrol reduces mercuric to mercurous acetate, and is itself oxidised 
to a glycol. 

DERIVATIVES OP EUGENOL METHYL ETHER. 1 

This compound yields a syrup of mixed acetates, from which two 
chlorides may be obtained. One of these forms small, hard, white 
prisms, M.pt. 112° to 113° C, soluble in alcohol but insoluble in water, 
whilst the second isomer is resinous. The crystalline variety is best 
obtained as follows : Equimolecular quantities of the eugenol compound 
and mercuric acetate in seven times the bulk of water are heated for 
one hour on the water-bath, and after cooling poured into four times 
the volume of 3 per cent, sodium chloride solution. After standing for 
several days the product separates out, and on recrystallisation melts 
at 112-5° C. I t is unchanged by ammonium sulphide or hydrate, but 
decomposed by warm dilute hydrochloric acid. Its constitution is 
given as (OMe)2C ?H3-CH2-CH-CH3 .Hg(OH)CL 

Apiol reacts with mercuric acetate fairly rapidly, completion of the 
reaction being reached in four to five hours. The acetate forms line 
needles, M.pt. 157° to 158° C , insoluble in water but dissolving in warm 
alcohol. I t is reduced to apiol by zinc and sodium hydroxide. Isoapiol 
gives an acetate which softens at 160° C. and melts at 174° C. 

DERIVATIVES OF RESORCINOL.2 

Chloromercuri resorcinol, CeH3(OH)2.HgCl.—To a solution of 
28-3 grams of mercuric acetate (1 mol.) in 60 c.c. of water at room 
temperature, a solution of 29-7 grams of resorcinol (3 mols.) in 25 c.c. 
of water is added with frequent shaking. The reaction is completed in 
fifteen minutes. White flocks appear, which are filtered and quickly 
dissolved in concentrated sodium chloride solution, from which the 
chloride separates in needles. These are placed for a short time in 
ice, then filtered off, washed with ice-cold water, and dissolved in 
a large volume of ether. Removal of the solvent, and drying of the 
residue in vacuo, gives 16 grams of product. This consists of a mixture 

1 Balbiano and Paolini, loc. cU,; Balbiano, loc. cit.; M&nchob, loc. cU. 
2 Dhnroth, Ber., 1902,35, 2853 ; see Leys, J. Phartn. Chitn., 1905, [YL], 21, 388. 
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of mono and dimercurated compounds, from which the mono is removed 
by boiling with chloroform, in which it is soluble. From this solution 
prisms are deposited. M.pt. 305° C, the compound containing chloro
form of crystallisation, which may be removed in vacuo, when the 
melting-point rises to 123°; at 170° the colour changes to blood red. 
Yield 11-7 grams. I t is soluble in ether, but only with difficulty in 
water, the aqueous solution becoming turbid after a short time. When 
warmed with a little water a clear solution is obtained, but a fine 
yellow powder rapidly separates out and decomposes. The solution in 
sodium hydroxide after a short time becomes yellow, then green, then 
brown, and a black precipitate finally appears ; these changes are 
accelerated by warming the solution. With ammonium sulphide the 
substance is immediately decomposed. 

Dichloromercuri resorcinol is the insoluble residue left after the 
chloroform extraction, and is purified by crystallisation from ether. 
Yield 2-5 grams. It is a fine powder, becoming dark towards 200° C.9 
but does not melt. In alcohol it is soluble with difficulty and is 
decomposed by sodium hydroxide even more rapidly than the mono 
compound. 

4~Acetoxymercuri-2-nitroresorcinoI 1 is prepared by heating 
together equimolecular quantities of mercuric acetate and 2-nitro-
resorcinol on a water-bath for thirty minutes. The orange precipitate 
is filtered, washed with water, alcohol, and ether, then dried over 
calcium chloride for forty-eight hours. Yield 75 per cent. 

4-Chloromercuri-2-nitroresorcinol.—Freshly precipitated mer
curic oxide and 2-nitroresorcinol suspended in water are heated on the 
water-bath for two hours, and the orange precipitate filtered off, washed 
with water, alcohol, and ether, then converted to the chloride by the 
addition of 10 per cent, hydrochloric acid. The product when washed 
and dried is a pale orange powder, soluble in dilute sodium hydroxide, 
methyl or ethyl alcohol, ether, benzene; only slightly in. water. 

4 :6-Diacetoxymercuri-resorcinoI-dimethyl ether, 

OMe 
AcOJfc/\ 

L J o M e 
Hg.OAc 

An alcoholic solution of resorcinol dimethyl ether and mercuric acetate 
in equimolecular proportions is boiled until the reaction is complete. 
On cooling, beautiful, white, feathery crystals separate. The product 
melts at 218° to 220° C. (corr.). I t is quite stable to ammonium sulphide, 
the alcoholic solution giving a yellow precipitate with this reagent.2,3 

DERIVATIVES OF NAPHTHOIC AND THEIR SULPHONIC ACIDS.4 

Mercuration of a-Naphthol.—When 3-6 grams of a-naphthol are 
dissolved in 25 c.c. of acetic acid and a solution of 8 grams of mercuric 

1 liaizisa and Proskouriakoff, J. Amer. Chem. 8oc,f 1922, 44, 787. 
- Kharasch and Chalkloy, J. Amer. Chem, Soc., 1924, 46, 1216. 
3 For mercuration of p-xylenol, raonobromo-p-xylenol, 2:3-dihydroxy-l-nietlxylbonzeno 

and pyrogallol-1: 3-dietkyl ether, see German Patent, 250746. 
* Brieger and ScMemann, J, prakt. Chem., 1914s 89, 97. 
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acetate in 50 c.c. of dilute acetic acid is added, a white crystalline pre
cipitate soon separates out, and a further quantity m a y b e obtained 
from the mother-liquors. This substance does not react with ammonium 
sulphide, dissolves very readily in sodium hydroxide, and if more alkali 
is added a white crystalline precipitate appears. The body is also 
soluble in acetic acid, and crystals deposited from the solution when 
filtered off and washed with "water soon become intense yellow; the 
addition of a drop of sodium hydroxide changes the colour from yellow 
to white. Its alcoholic-alkaline solutions soon decompose, but it is fairly 
stable towards cold sodium chloride solution, yet on heating the solu
tion gives an alkaline reaction. Potassium bromide also gives an alkaline 
reaction ; potassium iodide only shows a faint alkalinity at first, but 
suddenly mercuric iodide separates and the solution becomes strongly 
alkaline. The compound contains no acetoxy group, and the formula 
assigned to it from analysis is as follows:— 

0 
!l 

/ \ / \ H f f 

i ! H g 

i I 
\y\y 

2:4-Diacetoxymercuri-a-naphthol, 

OH 

i 1 

HgOAc 

When the mercuric acetate in the preceding preparation is replaced by 
16 grams of mercuric acetate in 50 c.c. of 3 per cent, acetic acid, 
colourless needles crystallise out in a short time, and these are filtered off 
and washed with water. The diaeetoxy derivative is stable to ammon
ium sulphide, but behaves towards halogen salts in a similar way to the 
mono mercury compound. 

2-Acetoxymercur i - l -naphthol-4-sulphonic acid (Sodium salt), 

OH ' 
^Y^HgOAc 

1 i i 

S03Na 

Six grams of the sodium salt of the acid in 50 c.c. of water are treated 
with 6-4 grams of mercuric acetate in 50 c.c. of water, and after long 
standing yellowish-brown bushy needles separate. These after several 
crystallisations from dilute acetic acid become white. The product 
obtained is the sodium salt of the acid, and it is very stable towards 
ammonium sulphide, although this stability is reduced in the presence of 
sodium chloride. When warmed with sodium chloride in acetic acid 
solution, mercury is split off. Attempts to prepare a diaeetoxy com
pound have been unsuccessful. 

l-Naphthol-5-sulphonic acid when treated with mercuric acetate 
gives only mercurous acetate and tarry products. 
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Mercuration of /3-Naphthoh 
l-Acetoxymercuri-^-naphthol,1 

HgOAr 
AAOH 

1. Twenty grams of mercuric oxide are dissolved in 520 c.c, of hot 
acetic acid, arid on cooling, the white, glistening plates are filtered off and 
mixed with an acetic acid solution of 13-2 grams of jff-naphthol. A 
heavy, crystalline precipitate separates out, and if removed, the mother-
liquors give further crops on standing. Yield almost quantitative. 

2. j3-Naphthol (14-4 grams) is dissolved in 75 c.c. of acetic acid, and 
to this 32 grams of mercuric acetate in 125 c.c. of 30 per cent, acetic acid 
are added, when the acetoxy compound separates out. 

I t crystallises in white, glistening needles, which on rapid heating 
blacken and melt at 185° C. with violent frothing. I t is only slightly 
soluble in the usual solvents, does not blacken with ammonium sulphide, 
but a yellow, voluminous precipitate separates which decomposes on 
heating, with deposition of mercuric sulphide. Treatment with aqueous 
sodium chloride yields the 1-chloromercuri compound, which may be 
transformed into l-iodo-/?-naphthoh2 

l«Acetoxymercuri-2-naphthol-6-sulphonicacid (Sodium salt),3 

HgOAc 

The sodium salt of Schaffer's acid (14-1 grams), containing 2 mols. of 
water of crystallisation, is dissolved in 100 c.c. of hot water and a solu
tion of 16 grams of mercuric acetate in 100 c.c. of hot water added. The 
compound soon separates out, and is only slightly soluble in water, but 
readily in dilute acetic acid or sodium hydroxide. I t has similar pro
perties to the derivative from l-naphthol-4-sulphonie acid. 

1 : 8-Amidonaphthol-4:6-disulphonic acid (K acid) yields with 
mercuric chloride or acetate unstable red compounds, to which no 
formulae have been assigned; the same result is obtained with its 
mono and dibenzoyl derivatives. 1: 8-Amidonaphthol-3 : 6-disulphonic 
acid (H acid) and 1:8-amidonaphthol-4-sulphonic acid give colours and 
reactions similar to K acid, but these compounds are even more readily 
decomposed. Constancy of composition has not been obtained in the 
case of 1:8-dihydroxynaphthalene-3: 6-disulphonic acid (chromotrope 
acid), the derived compounds being orange in colour.4 

Mercuration of Salicylyl alcohol (Saligenin).5—This alcohol 
forms a dimermmted compound when 1 mol. is heated with 2 mols. 
of mercuric acetate in alcoholic solution containing a little acetic acid. 
Needles separate out, from which a pure product is isolated by extract-

1 Bamberger, Bet., 1898, 31, 2624; Brieger and Sohulemann, J. praB. Chem. 1914, 
89,97. 

2 P&olini, QtmeUa, 1921, 51, ii. 188. 
3 German Patent, 143726. 
* Por ^-naphthol disulphonic acid R, see German Patent, 143448; S^-naphthol 

sulphonic acid, see German Patent, 143726. 
fi Hart and Hirschfelder, J, Amen Chem. Soc.t 1920, 42, 2768. 
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ing with water, alcohol, and ether. I t is only soluble iu hot glacial 
acetic acid or acetic anhydride and alkalies; with mineral acids it forms 
salts. The mercury present is non-ionic* in character, and since it 
readily forms an anhydride is probably in the ortho position to the 
phenolic hydroxyl group. The following formula has been assigned 
to i t :— 

0 1 

Hg—/\—CH2OH 
.3ffloO 

i I " " 

V 
HgOH 

When dissolved in hot acetic anhydride it forms a triacetate of the 
composition : 

OH 
I 

AcOHg—/N—CHj—OAc 

i i v 
i 
Hg—OAc 

Mercuration of p-Hydroxy-m-nitrophenyl carbinol.—The 
carbinol is prepared by the action of bromomethyl alcohol on o-nitro-
phenol and then treated with 2 mols. of mercuric acetate in alcohol-
acetic acid solution. Fine, pale yellow needles separate, which may be 
recrystallised from 20 per cent, acetic acid (I.). This compound does not 
form an inner anhydride as in the preceding ease, although the mercury 
is in the ortho position to the hydroxyl group. The latter fact was estab
lished by treating the compound with a solution of iodine in potassium 
iodide, when 3-iodo-4-hydroxy-5-nitrobenzyl alcohol is obtained.1 

Treatment with acetic anhydride yields a monoacetyl derivative (II.). 

OH OH 
HOBfi/\jNO, Ac.O—Hg/\N02 

1 1 II 

V \ / 
CHaOH CH2OH 

I. II. 
• Kharasch, J, Amer. Ghe-m,. Soc, 1921, 43, 1203. 

* 
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CHAPTER IX. 

MERCURY \confhived}. 

DKHIVVIIVKN or AHOMATIC ACIDS. 

Tun simplest of the aromatic acids, namely, benzoic acid, does not give 
an aeetoxyniereuri compound when heated with mercuric acetate, but 
only an anhydride. The position of the mercury in the ring in this case 
is shown tu he ortho to the earboxyl jjroup, since the same anhydride 
may he formed from phthalic acid, the only other products of reaction 
hvhvj carbon dioxide and acetic acid, 

4-Hg(OAf)3- 50-:.(:0,+2HOAo 

-Hu 

The same eom|>oiind is also fonned when mercuric benzoate is heated 
For some lime at *270' C , and this method may yet become of great 
importance in the preparation of mercuratcd aromatic acids. Mercury 
salicylate yields an omano-mcrcuri anhydride, when heated for a pro-

NHZ 

file:///conf
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longed period at J 00° C. o-Chloromereuri-benzoie acid is obtained from 
the anhydride by dissolving it in concentrated sodium chloride solution, 
and adding acetic acid, but the p-ehloromercuri compound has only been 
obtained by the oxidation of p-tolylmercuric chloride by alkaline per
manganate. The methyl ester of benzoic acid may be mereurated in the 
usual way by means of mercuric acetate in the presence of a little acetic 
acid, and the esters of salicylic acid may be treated similarly. 5-
Xitrosalicylic acid is mereurated by using an aqueous suspension of 
mercuric oxide at 100° C. 

The interaction of mercuric acetate and anthranilic acid is more 
complicated than the preceding eases, and is best illustrated by the 
scheme on opposite page, which shows also the main reactions of the 
acetoxy-mercuri compounds of this acid. 

A similar set of reactions has been carried out with the ethvl ester of 
p-aminobenzoic acid, but in addition a mercuric acetate salt of acetoxy-
mercuri-p-aminobenzoic acid has been obtained, and the mono and 
diacetoxymercuri derivatives may be isolated from this under suitable 
conditions. Also in the case of this ester only the diacetoxymercuri 
compound has been obtained directly from the N-isodiacetoxymercuri 
derivative, direct mereuration being used to obtain the monoacetoxy-
mercuri product. 

In the mereuration of cinnamic acid and its esters, C6H6.CH2.CH2, 
COOH, the mercury residue always attaches itself to the a-carbon atom, 
and the solvent takes part in the reaction, attacking the /3-carbon atom, 
alkyloxy groups becoming linked to the latter (I.). When the mereur
ated esters are saponified by sodium hydroxide, and the resulting product 
treated with sulphuric acid, water is eliminated between the hydroxy-
mercuri and earboxyl groups, and an anhydride results (II.)-

CJffjr-CH CH—COJft CJELr-CH CH—C=0 

OAlk HgOAc OAlk H g — 0 
I. I I . 

In the case of jS-hydroxynaphthoic acid the mercury enters position 
1, and may be removed again by the action of iodine in potassium iodide 
solution. 

The mercuri-bis compounds of the mereurated acids have been pre
pared in a variety of ways. The use of sodium thiosulphate, which was 
given as a fairly general method in the case of mereurated amines, has 
only been used for acids in the preparation of the following: Mereuri-
bis salicylic ethyl ester, mercuri-bis-2-aminobenzoic methyl ester, and 
the corresponding ethyl ester of the 4-aminobenzoic acid compound. 
The following sulphides yield mercuri-bis compounds by the action of 
hea t : o-Sulphidomercuri benzoic acid, sulphidomercuri salicylic methyl 
ester, and the sodium salt of o-sulphidomercuri benzoic acid, the con
version in the latter case being brought about by boiling the aqueous 
solution. The interaction of mercuric cyanide and thiosalicylic acid in 
aqueous solution yields mercuri-bis-o-thiolbenzoic acid, no other organic 
mercury product being isolated. 

o-Hydroxymercuri-p-nitrobenzoic acid has been changed to the 
mercuri-bis compound by treatment with alkaline stannous chloride, and 
in the case of the m-nitrobenzoie acid compound aluminium turnings in 

VOL. x i . : i. 11 
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alkaline solution were used. Alkaline stannous chloride has also been 
used for the transformation of p-ehloromercuri benzoic acid. 

The conversion of hydroxymercuri-salicylic acid to mercuri-bis-
salicylie acid is accomplished by dissolving the compound in potassium 
hydroxide and treating the solution with formaldehyde sulphoxylate, 
and by similar means the sodium salt of mercurated hydroxybenzene 
sulphonic acid may be reduced. 

In the case of the aminobenzoic acids, the mercuri-bis derivatives 
have been prepared by the reduction of the hydroxymercuri nitro-
benzoic acids in neutral or alkaline solution. 

An interesting formation of a mercuri-bis compound is the trans
formation of the anhydride of a-hydroxymercuri-j8-methoxy-j3-phenyl-
propionieacidtoa-mercuri-di-p-anhydrohydroxy-^-phenylpropionicacid, 
by suspending the former in water and treating it with potassium iodide. 

Certain mercurated acids have been tested with regard to their 
stability towards ammonium sulphide, with the following results : 
o-Chloromercuri benzoic methyl ester is only decomposed on prolonged 
warming, but a sulphide may be obtained by the action of methyl 
alcoholic hydrogen sulphide. 

o-Chloromercuri benzoyl chloride in ethereal solution gives a sulphide 
with hydrogen sulphide only after long treatment. 

The anhydride of 3-hydroxymercuri salicylic acid is decomposed 
when its warm solution is treated with ammonium or hydrogen sulphide. 

Acetoxymercuri salicylic methyl ester yields mercuric sulphide with 
cold alkali sulphides. 

N-Isodiacetoxymereuri-2-amino or 4-aminobenzoic acid esters when 
dissolved in acetic acid, and neutralised by ammonium hydroxide, are 
decomposed by ammonium sulphide, and a similar result is obtained 
when hydroxymercuri-2- or 4-aminobenzoic anhydrides are dissolved 
in ammonium hydroxide and treated with ammonium sulphide. The 
sodium salt of 2:2'-mercuri-bis-4-aminobenzoic acid is stable to hydrogen 
sulphide* and acetoxymercuri-4-aminobenzoic ethyl ester only yields 
mercuric sulphide when boiled for a long time with ammonium sulphide. 

The anhydride of a-hydroxymercuri-jS-hydroxy-jS-phenylpropionic 
acid in alkaline solutions only yields mercuric sulphide on long standing 
with ammonium sulphide; but if the /3-hydroxy group be replaced by j8-
methoxy, the decomposition takes place immediately. 

a-Mercuri-di-jS-anhydrohydroxy-jS-phenylpropionic acid is not de
composed by ammonium sulphide. 

The following compounds when heated with hydrochloric acid yield 
mercuric chloride and an organic acid: The anhydride of o-hydroxy-
mercuri benzoic acid and the anhydride of a~hydroxymercuri-j8-hydroxy-
^-phenylpropionic acid, whilst o-ehloromercuri benzoic methyl ester 
is decomposed by halogen acids, and cold dilute hydrochloric acid 
eliminates the acetoxymercuri group attached to the nitrogen in N-
ia>diacetoxymercuri anthranilie methyl ester. 

DERIVATIVES OF BENZOIC ACID AND ITS ESTEES.1 

Anhydride of o- hydroxymercuri benzoic acid may be prepared 
as follows:— 

* Stafotii, Ber.f 1902, $$, 2853; Pesei, Am. &. Accad. Linceis 1900, [v.], 9, i. 255; 
1801, [rX 10, i, M% 413; Whitmore and Woodward, J, Amer. Chem. &oc„ 1926, 48, 533 ; 
gteU, Ben, 1S20, $& [B], 1737. 
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1. Mercuric benzoate is heated in an oil-bath to 270° C. until a test 
portion gives no precipitate of mercuric oxide when treated with sodium 
hydroxide. The melt is cooled, powdered, and washed with alcohol 
and ether to free it from benzoic acid. I t is then dissolved in a small 
amount of dilute sodium carbonate and carbon dioxide passed through 
the solution, the anhydride being precipitated as a white powder. 

2. Mercuric acetate is heated with benzoic acid until no mercuric 
oxide is obtained by adding sodium hydroxide to a test portion. The 
melt is then treated with ammonium hydroxide to form the ammonium 
salt, from which the anhydride is isolated by adding acetic acid. 

3. Sodium phthalate solution, mercuric acetate, and a little acetic 
acid are boiled for some time, when the anhydride is precipitated. The 
acid is only slightly soluble in all organic solvents, but readily soluble 
in dilute alkali or sodium carbonate. The latter solution gives a 
white precipitate with lead acetate, and blue-green with copper acetate. 
Treatment with sodium chloride yields the sodium salt of o-ehloro-
mercuri benzoic acid, but boiling with hydrochloric acid gives benzoic 
acid and mercuric chloride. Bromine reacts with the anhydride, forming 
o-bromobenzoic acid, and this, together with the fact that the anhydride 
can be prepared from sodium phthalate, prove that the mercury is in 
the ortho position. Pesci states that he also prepared the following 
salts : Ammonium, isoamyl and berizylammonium, barium, calcium, and 
magnesium. Also bromo- and iodo-mercuri benzoic acids are stated to 
have been prepared.1 The sodium salt at 150° C. reacts with ethyl mer-
captan according to the equation : 

ClHg.C6H4 .C02H+HSEt=C6H5 .C02H+ClHg.SEt2 

o-Chloromercur i benzoic acid.—The crude anhydride obtained by 
Pesci3 is dissolved in concentrated sodium chloride and acetic acid added. 
The precipitate is recrystallised from much hot water. I t melts with 
decomposition between 222° and 238° C. With ethyl mercaptan it yields 
ethylthiomercurie chloride, EtS.HgCl. The sodium salt of the acid 
in acetone solution gives, with ethyl mereaptan, o-mercaptomercuri-
benzoic acid, according to the equation : 

X 0 2 N a / C 0 2 H 
C6H4< + H S E t - C 6 H 4 < +NaCl 

XHgCl Nffg.SEt 

The compound may be recrystallised from acetone, and partly melts 
at 138-5° to 140° C. with decomposition. 

p -Chloromercur ic benzoic acid is obtained from p-tolylmercuric 
chloride by oxidation with alkaline permanganate. I t is a white 
amorphous powder which it is impossible to purify. Treatment with 
alcoholic iodine yields p-iodobenzoic acid. Boning with dilute alcoholic 
sodium hydroxide gives sodium p-hydroseytn^rcuribenzoate. The latter 
salt with aqueous sodium bromide or iodide yields sodium p-hromo 

1 See German Patent, 229575. s Sa^hs, Ser.r 1090, 53* W t 1737. 
3 Pesoi, l&c. A 
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and p-iotlomereuribenzoate respectively. The chioro compound reacts 
with phosphorous pentachloride in chloroform, giving the acid chloride, 
the latter on boiling with n-butyl alcohol yielding p-chloromercuri-
henioie acid n-butyl ester. 

o-Mercu r i -b i s -benzo ic acid 1 may be obtained either by boiling 
an aqueous solution of the sodium salt of o-sulphidomercuri benzoic 
acid, S(Hjr.C0II,.COaXa)2. or by saponification of o-mereuri-bis-benzoic 
methyl ester. It crystallises from alcohol in shining needles, insoluble 
in water, decomposing when heated, without melting. 

p - M e r c u r i - b i s - b e n z o i c acid.2--p-Chloroinercuribcnzoic acid is 
dissolved in sodium hydroxide and treated with stannous chloride. The 
hudiuin salt is very soluble in water. 

o -Ghlo romercur ibenzo ic me thy l ester .3—Twenty grams of 
finely powdered mercuric acetate, 20 grams of benzoic methyl ester, and 
3 grams of acetic acid are gently boiled, the reaction taking three to 
four hours for completion. The mixture is filtered and evaporated 
hi i (into, 19 grams of a yellowish oil being obtained. Acetone is added 
until no further precipitate is formed, the latter consisting of 5-6 grams 
of diaeetoxymercuri compound. The acetone filtrate on evaporation 
yields ltt-3 jrrams of yellow resin, which is mainly a mono substitution 
product. I t is dissolved in dilute alcohol and treated with sodium 
chloride, when 0-1 grams of the o-ehloromercuri compound are deposited. 
I t is fairly soluble in the usual organic solvents, insoluble in water or 
petroleum ether. From dilute alcohol or ethyl acetate it crystallises 
in needles, sintering at 142r C. and melting at 102c C. Ammonium 
sulphide only splits off the mercury on prolonged warming, bu t halogen 
acids, especially hydriodic acid, readily decompose it. Stannous 
chloride in alkaline solution immediately reacts, metallic mercury 
separating. 

When the chloride is dissolved in warm methyl alcohol, and treated 
with a methyl alcoholic solution of hydrogen sulphide ( | mob), which 
has Ix'en saturated at about 2° C , a white amorphous precipitate 
of mlphidomemtrihenmiv methyl ester is obtained. The quantity of 
hydrogen sulphide present is controlled by titration, as excess dissolves 
the sulphide. I t is easily soluble in chloroform, benzene, or aniline, 
hut only slightly in other organic solvents. 

o -Mercur i -b i s -benzo ic me thy l e s t e r , IIg(CflH4.COOMe)s.—Seven 
grams of the above sulphide are heated for three hours a t 120° C , 
then cooled, powdered, and extracted with ethyl acetate. Spontaneous 
evaporation of the solution gives 4-1 grams of white crystals. Yield 
$0 |>er cent. When saponified it gives o-mereuri-bis-benzoic acid. 

o -Ghloromercur ibenzoyl chloride.4—Five grams of the anhydride 
of o-hydroxymercuribenzoic acid is treated with 15 grams of thionyl 
chloride, when a vigorous reaction takes place accompanied by frothing. 
The solid after filtration consists of microscopic needles and an amorphous 
product, extraction with benzene leaving the bulk of the latter behind. 
From the benzene solution 3-5 grams of substance are obtained, which 
does not completely melt at 173-5° C. Prolonged treatment with 
hydrogen sulphide in ethereal solution gives o-sulpkidomercuribenzoyl 

1 SekoeUer, Scltnnth, md Heufcer, Ber,r 1920, 53* [B], 838; Pesci, AUi, R. Accad. 
tencei, l&OO, [v.]» 9, i. 255; 1901, [v.], 10,1 362 413. 

2 Whitmow and Woodward J, Amer. Chem, Soc., 1926, 48, 533. 
3 Schoelfar, Scratttk, &ad Heater, be, tit. * Sachs, Ber,t 1920, 53, [B], 1737, 
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chloride, S(IIg.C6H4.COCl)2, which remains unmeited at 23(r C. When 
boiled with methyl alcohol, the sulphide produces o-chloromercuri 
benzoic methyl ester. 

o -Chloromercur i thiobenzoic ethyl es ter is obtained From 
ehloromercuribenzoyl chloride by dissolving it in hot benzene, and 
adding ethyl mcrcaptan in benzene solution through a dropping funnel. 
I t crystallises from alcohol in pale yellow, microscopic, rhomboidal 
plates, M.pt. 142-5° to 144-5° C , soluble in ether, benzene, chloroform, 
or acetone. Its constitution is probably represented by 

ClHg.C6H4.CO.SEt. 

DERIVATIVES OF THIOLBENZOIC ACID. 

Mercur i -b is -o- th io lbenzoic acid, Hg(S.C6H4 .C02H)2 , i is prepared 
by the interaction of mercuric cyanide and thiosalicylic acid in aqueous 
solution. It crystallises in needles, M.pt. 250° C, and is practically 
insoluble in water and the usual organic solvents. 

Anhydride of hyd roxymercu r i thiolbenzoic acid, 

C 6 H / \ug x c o 2 - / 
A solution of thiosalicylic acid in alcohol is treated with water until 
faint turbidity is produced, then an aqueous solution of mercuric acetate 
(1*5 mols.) slowly added. The precipitate is boiled with alcohol 
to remove impurities, then treated with a mixture of ammonium 
hydroxide and carbonate until complete solution is obtained. The 
latter is filtered hot, and treated with acetic acid until faintly opalescent. 
On cooling, the anhydride crystallises in pale yellow, microscopic rods. 
Yield 50 per cent. When boiled with a concentrated solution of sodium 
chloride, and the solution filtered and treated with acetic acid, impure 
o-chloromercuri thiolbenzoic acid is precipitated. When the latter 
compound or the anhydride are dissolved in concentrated ammonium 
hydroxide, a substance crystallising in plates, M.pt. 206° C. with decom
position, is produced. Its formula corresponds to C14H1606N2S2Hg3. 
Some mercuri-bis thiolbenzoic acid is also formed. 

DERIVATIVES OE KITKOBENZOIC ACIDS. 

o - Mercur i - b i s - p - ni t robenzoic acid.2—o -Hydroxymercuri - p -
nitrobenzoic acid (115 grams) is dissolved in about 1500 c.c. of water 
with the aid of sodium hydroxide, and treated with an alkaline solution 
of 100 to 150 grams of stannous chloride, until a filtered test on the 
addition of stannous chloride gives no mercury. The mixture is then 
warmed for a time to complete the reaction and filtered. The filtrate is 
acidified with hydrochloric acid, the compound coming down as a yellow 
powder. I t is soluble in water or alcohol, but not in benzene, toluene, 
ethyl acetate, or mineral acids. The sodium salt is a yellow powder, 
soluble in water, the solution giving precipitates with practically all 
metallic salts. 

A similar type of compound has been obtained from m-nitrobetizaic 
* Sachs and Bkssl, Ber., 1925, 58, [B], 1497. 
2 German Patent, 351332. 
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acid. The reduction in this case is carried out with aluminium turnings 
in alkaline solution. The compound has similar properties to the above. 

Phenol dimlphonic and and mercuric acetate in equimolecular pro
portions react to give a compound containing about 40 per cent, of 
mercury. It is soluble in water and does not precipitate albumen in the 
cold.1 

DERIVATIVES OF SALICYLIC ACID AND ITS ESTERS. 

Anhydride of 3-Hydroxymercuri-salicylic acid, 

CO 

; i *̂  

II ^ ° 
!
% J H $ ^ ^ ^ 

When dry mercury salicylate is heated for a long time at 100° C. it is 
found that a test portion no longer gives a precipitate with sodium 
hydroxide. If the reaction be carried "but at 120° C. the change takes 
place more rapidly, and the same product is obtained when equimolec
ular proportions of freshly precipitated mercuric oxide and salicylic 
acid are heated for a long time on the water-bath in aqueous solution.2 

It forms a white mass, soluble in alkali, but cannot be crystallised from 
solvents, and is decomposed on heating, without melting. When 
warmed with hydrogen sulphide or alkali sulphides it undergoes decom
position. The hydroxymercuri group is replaced by the action of iodine, 
o-iodo-salieylic acid being formed, this proving that the mercury occupies 
the ortho position to the hydroxyl group. The compound has been 
purified by treating it with ammonium carbonate solution, when the 
ammonium salt is formed, HO.Hg.C6H3.OH.C02NH4, and decomposing 
this hv dilute acetic acid.3 

3-Chloromercuri-salicylic acid, ClHg.C6H3.OH.COOH.—This 
acid is obtained from the corresponding sodium or calcium salts by the 
addition of dilute acetic acid. I t crystallises in needles from boiling 
water or methyl alcohol. The sodium and potassium salts are known, 
and the lithium salt is prepared from the anhydride and lithium chloride 
solution. Both this and the calcium salt form thin needles, which are 
more soluble in cold than hot water. Bromomercuri-salicylic acid, 
obtained by the interaction of the acid and potassium bromide, is pre
cipitated by acetic acid, and forms colourless crystals, insoluble in water, 
but slightly soluble in boiling alcohol. The corresponding iodomercuri 
add has also been described. 

Mercuri-bis-salicylicacid.4—The anhydride of hydroxy mercuri 
salicylic acid (38*6 parts} is dissolved in 5-6 parts of potassium 
hydroxide in S00 parts of water, and a solution of 7-7 parts of sodium 

1 The following patents also deal with benzoic acids: German Patent, 23914, 
i*.chk>rob©ttzoic acid, o-iodobeazoic acid, o-tohuc acid. Ibid., 249332, addition to above ; 
1:4-dimethyl-2-bensiokt acid, trimethylbeiizoio acid, 3:4-dimethoxybenzoic acid, 3 :5-
dibromobenzoie acid. Ibid., 234054, 281876, s-calorobenzoic acid. Ibid., 290210, sodium 
m-sulphobenxo&te. Ibid., 407669, 413835, p-benzyloxybenzoic anhydride and similar 
compounds. 

s IKmroth, Ben, 1902, 35, 2873. 
3 Buroni, OuzseUa, 1902, 32, ia, 306, 311 ; Chem. Zentr., 1903, L 678; Brieger, Arch. 

Pharm., 1912, 250, 62; Chem. Zmfr., 1912, i. 763. 
4 German Patent, 255030. 
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formaldehyde sulphoxylate in about 100 parts of water added with 
stirring. The mixture is left until clear, filtered, and treated with dilute 
acid. The white precipitate is dissolved in sodium hydroxide and 
changed to the sodium salt, which may be obtained in the'solid form by 
evaporation in vacuo. The free acid is a white, heavy, water-insoluble 
powder. I t has no melting-point, but decomposes at high temperatures. 
I t yields salts with alkalies or alkali carbonates. 

By a similar method of reduction a mercuri-bis compound may be 
obtained from mercurated 2-hydroxybenzene sulphonic acid (sodium 
salt). 

More recent investigators 1 contend tha t salicylic acid can only be 
mercurated to give pure products when mercuric sulphate is used. A 
mixture of the anhydrides of o- and p-hydroxy?nercuri-saMcylic acids is 
formed, the latter yielding p-thiocyanomercuri-salicylic acid with potas
sium or ammonium thiocyanates, and sodium psodium sulphitomercuri-
salicylate with sodium sulphite. 

3 -Chloromercur i - sa l icy l ic me thy l es ter , 

COaMe 

1 /̂fefgCl 

The ester is obtained by adding sodium chloride to the mother-
liquors obtained in the preparation of the acetoxy compound described 
below, from which 6 grams of substance are obtainable. I t is soluble in 
alcohol, but in other organic solvents less soluble than the acetate. 

Acetoxymercur i -sa l icyl ic methyl ester.—Fifteen grams of 
mercuric acetate, an equal weight of the ester, and 2-5 grams of acetic 
acid are boiled under reflux for about forty minutes, until the reaction is 
complete. On cooling, needles separate, and after standing overnight 
these are filtered off. Yield 9 grams, 52 per cent. I t melts at 202° C. 
(corr.) and is readily soluble in warm alcohols, ethyl acetate, acetone, or 
chloroform, but with difficulty in water or petroleum ether. In alkali 
it is soluble, but the ester is saponified. 

Su lph idomercu r i -salicylic me thy l es ter , S(Hg.C6H3.OH.COO 
Me)2.—To a cold, saturated, alcoholic solution containing 10 grams 
of the acetoxy ester, 35 c.c, of an alkali hydrogen sulphide solution 
saturated at 20° C. are added dropwise. This is the requisite quantity 
required to form the neutral sulphide, and excess should be avoided or 
an acid sulphide is formed, which is markedly soluble. The precipitate 
is filtered off, pressed on a tile and dried in vacuo, 7-5 grams ($5 per cent.) 
of a white powder being obtained. I t is soluble in chloroform, benzene, 
aniline, dilute aqueous alkali or alkali sulphides. 

Mercur i -b is -sa l icy l ic me thy l ester , Hg(C6H3.0H.CO2Me)2.— 
Ten grams of the above sulphide are heated for six hours a t 110° C, and 
the mass powdered and extracted with 120 c.c. of ethyl acetate, 0*8 gram, 
12 per cent., of the ester being isolated. I t is soluble in the usual solvents 
and melts at 170° to 180° C. (corr.). 

Acetoxymercur i -sa l icyl ic ethyl ester,—This product is not so 
readily formed as the methyl ester, but if the reaction is carried out 
a t 180° C. the yield is almost quantitative. I t crystallises from ethyl. 

f Bupp m& Gezsoh, Arck. Pkarm., 1937, 265, 323. 
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acf'tatc-ligroin mixture in needles, sintering at 200° C. and melting at 
200" C. (corr.). 

When 12 grams of the aeetate are powdered and dissolved in 120 c.e. 
of cold, saturated sodium thiosulphate solution, a precipitate is im
mediately thrown down. This is filtered after six hours and dried. 
It consists of mereim-bis-xaUcyUc ethyl ester. 0-2 grams, 82 per cent., 
yield. It melts at 193° C. (corn) and has similar properties and solu
bilities to the methyl compound. 

3-Chloromerciiri-5-nitrosalicylic acid.1—-5-Xitrosalicylic acid 
is heated with 2 mols, of freshly precipitated mercuric oxide in 
aqueous suspension for twelve hours at 100° C. The resulting orange 
product is filtered, washed, and dried. When warmed with alkali, part 
of the mercury is split off as mercuric oxide and is filtered off. The 
solution is cooled, filtered, and acidified with hydrochloric acid, when a 
precipitate consisting of mono and dimercuratcd derivatives is thrown 
down. This is treated with boiling 50 per cent, methyl alcohol, when 
the mono compound goes into solution, and the mixture is filtered 
through a hot-water funnel. Both compounds are thus isolated, 
the mono-chloro compound melting at 235' C. and the dichloro at 
238" C. 

Diacetoxymercuri-5-nitrosalicyIic acid is obtained by heating 
5-nitrosalicylie acid with 2 mols. of mercuric oxide in hot glacial acetic 
acid, filtering whilst hot and cooling, when white crystals are deposited. 
These are rccrystallised from acetic acid and become pale yellow when 
dry. 

Several eijatwmereuri-mlieijUc acids have recently been described, 
but difference of opinion seems to obtain regarding their mode of 
formation.2,3 

DERIVATIVES OP ANTHRANILIC ACID.4 

N-Isodiacetoxymercuri-anthranil ic methyl ester,—One gram 
of anthranilic methyl ester is added to a solution of 2-4 grams of 
mercuric acetate dissolved in 25 e.c. of SO per cent, methyl alcohol. 
Flocks separate in a few minutes, and after about 1-5 hours no mercury 
ions can he detected when tested for by sodium hydroxide. If allowed 
to stand for a long time the crystals become yellow and change to 
aeetoxymercuri-anthranilie ester, according to the scheme shown below 
in (L). To remove any by-products from the iso compound it is 
thoroughly washed with methyl alcohol and dried with ether. When 
its acetic acid solution is neutralised by ammonium hydroxide, then 
treated with ammonium sulphide, a precipitate of mercuric sulphide 
is deposited, showing that the mercury residue is substituted in the 
amino group. When digested with cold dilute hydrochloric acid, an 
acetoxyrnercuri group is split off, and chloromercuri anthranilic acid 

1 Rakiss and ProskouriaM, J, Amer. Chtm, 8oc*, 1922, 44, 787. 
3 Boederker and Wnnstoxf, Arch. Pharm.t 1925, 263, 430; Gerseh, ibid., 1926, 

264, 88. 
* Tfee following German patents taken out in 1909 deal with the m^rcuration of salicylic 

acid derivatives: 224435,224864,227391,229574,229575,229781. Ibid., 201875, o-obloro-
benzoic acid, salicylic acid. German Patent, 30511, British Patent, 161922 (1909), 
ftydroxymerotiri salicylic anhydrides. German Patent, 216267, saUcylsulphonic acid 
(COOH ; OH : SQ3H=1 : 2 : 5). / M i , 248291, glycol ester of salicylic acid. 

* Sckoelier and Huefcer, &tr.t 1014, 47,1930. 
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methyl ester is formed (II.). The iso compound is soluble in ammonium 
hydroxide, acetic acid, hot water, and hot alcohols, but insoluble in 
acetone, chloroform, benzene, or petroleum ether. The hot aqueous 
or alcoholic solutions set to a jelly on cooling. 

KH.HgOAc NHa XH2 

2C6H4.NH2C02Me4-2Hg.OAc« / \ x ) O M e /NcOOMe /\ jOOMe 
I I ! I „^ i \ 

l' I 1 + I ] 2GH,COOH 
HgOAc HgOAc 

' % ^AcOHgf X,COOMe 

\y A 
HgOAc 

NH.HgOAc NH2 

/NcOOMe /NcOOMe 
U" I I +3HCI« [ | -fHgCl2+2CH3.CO.OH 

HgOAc HgCl 

Acetoxymercur i -ar i thrani l ic methyl es ter may be obtained: 
1. From the preceding N-iso-diacetoxy compound. 2-5 grams of the 

latter are suspended in 15 c.c. of methyl alcohol and 0-6 gram (1 mol.) 
of methyl anthranilate in 2 c.c. of acetic acid added, the whole being 
heated for thirty minutes on the water-bath. The mass is then allowed 
to stand for twenty-four hours in the ice-chest, filtered, and dried in vacuo 
over sulphuric acid. Yield 2-6 grams. 

2. Nine grams of methyl anthranilate is added to a warm solution 
of 22*5 grams of mercuric acetate (1 mol.) in 100 c.c. of methyl 
alcohol containing 10 c.c. of acetic acid. After fifteen minutes3 heating 
at 50° C. the reaction is complete, and the product is cooled overnight in 
ice, when the ester crystallises out in pale yellow needles. These are 
filtered and washed with methyl alcohol and dry ether. Yield 22 grams, 
90 per cent. The crystals melt to a yellow liquid at 178° to 180° €., 
which decomposes at 180° to 182° C. The compound is readily soluble 
in boiling water, hot alcohols, or acetic acid, sparingly soluble in benzene, 
ethyl acetate or acetone, very slightly soluble m chloroform or petroleum 
ether. 

Diacetoxymercuri-anthranilic methyl es ter results as follows:— 
1. Three grams of the N-iso compound are heated with 2-5 grams 

of acetic acid in 20 c.c. of methyl alcohol for about an hour at 50° C. 
The mixture is cooled to 0° C, filtered, washed with methyl alcohol, and 
dried. Yield 2-6 grams, M.pt. 218° to 220° C. 

2. Methyl anthranilate (1 mol.) is heated with 2 mols. of mercuric 
acetate in methyl alcohol-acetic acid mixture at 50° C. until a test gives 
no reaction with ammonium sulphide. The product thus obtained 
melts at 221° to 222° C-, is soluble in the usual organic solvents, but less 
readily than the mono-substitution products. The structural formula 
is shown above. 

Chloromercuri - anthranilic methyl ester is obtained, as 
previously stated, by treating the N-iso compound with cold dilute 
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hydrochloric acid. It also results by the addition of aqueous sodium 
chloride to an alcoholic solution of the acetoxymercuri compound. I t 
forms small needles or rods, M.pt. 184" C, soluble in the usual organic 
solvents. The corresponding bromide crystallises in line needles, M.pt. 
l?8 r (darkening); the iodide bmtets at 172' C.s melting at 173° to 174° C. 
to a brown liquid. 

Hydroxymercuri anthraniife anhydride, 

/\~_CO 
I \ 
[j I 

This compound is obtained as follows ;— 
1, The monoacetoxy compound in aqueous suspension and 2-25 

mols. of Normal sodium hydroxide are boiled for a short time, when the 
acetate group is split off, the sodium salt of hydroxymercuri anthranilic 
acid being formed. The cooled solution is treated with cold Normal sul
phuric acid, the anhydride being precipitated, filtered, washed with 
water, and dried. 

2. Steam is blown through an equiinolecular mixture of pure anthran
ilic acid and yellow mercuric oxide for two to three hours, until a test 
portion gives a clear solution in alkali. The product is purified by 
solution in sodium hydroxide and precipitation by sulphuric acid. 
Yield 00 per cent. 

The compound is a faint vellow,amorphous powder. Prep. 1 has M.pt. 
212" to 214 C. (darkening)'. Prep. 2 has M.pt. 210° C. I t is readily 
soluble in aqueous potassium iodide, cyanide, or sodium thiosulphate, 
not so easily in potassium bromide, and still less in potassium chloride ; 
rather insoluble in the usual organic solvents. When dissolved in caustic 
alkali or carbonates it may be precipitated unchanged by acids. Aqueous 
alkaline solution gives, with aqueous solutions of heavy metal salts, a 
corresponding salt in the form of an amorphous precipitate. The 
copper salt is a bright green substance. The ammoniacal solution when 
treated with ammonium sulphide and warmed gives a deposit of mercuric 
sulphide. If the hydroxy compound be treated with potassium iodide 
in aqueous solution, iodomereuri-anthranilic acid is deposited as a white 
powder on the addition of the calculated amount of sulphuric acid; 
but if iodine in potassium iodide be used, iodoanthranilic acid is 
produced. 

Dihydroxy mercuri -anthranilic anhydride, 

HOHg-Z^CO 
i I 

Hg-0 

This substance is prepared in the same way as the preceding anhydride, 
using the diacetoxymercuri compound as the starting material. I t is a 
pale yellowish-green, amorphous powder. 

Acetoxymercuri-acetylanthranilic methyl ester, AcOHg.C6H3 
(NHAc).COtMe.—The acetylated ester is heated with mercuric acetate 
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in an oil-bath for thirty minutes at 120° to 130" C. The excess of ester 
is then extracted with ether and the mercury compound recrystallised 
from very dilute alcohol. I t crystallises in glistening plates, 3I.pt. 212° 
C, extremely soluble in all organic solvents except ether or petroleum. 
If the above reaction be carried out in cold methyl alcohol solution, only 
a 10 per cent, yield is obtained in 1-5 days, but two hours' boiling in 
aqueous solution or seven hours in methyl alcohol completes the reaction. 
The alcoholic mother-liquors from the crystallisation, when treated with 
sodium chloride, give the corresponding chloride, fine needles from boiling 
ethyl acetate, M.pt. 245° to 246° C. 

Mercuri-bis-anthranilic methyl ester, 

I i I I 

Ten grams of the acetate in a 75 per cent, alcohol solution are treated 
with a very concentrated aqueous solution containing about 20 grams of 
sodium thiosulphate. A white, amorphous precipitate a t once appears, 
and the mixture is raised to 45° C. and maintained at tha t temperature 
for about 1*5 hours. The product is then evaporated in vacuo, when 7*5 
grams of dry substance are obtained. I t is purified by dissolving in 
ethyl acetate, filtering, concentrating the solution, then adding petro
leum ether dropwise until the mixture becomes opalescent. On 
intense cooling, light yellow needles are deposited (4-5 grams, 65 per 
cent.). The ester melts at 196° to 197Q C. (corr.) with darkening. 
I t is soluble in the usual solvents, with the exception of water and 
petroleum ether.1 

Acetoxymercuri-methylanthranilic methyl ester, 
NHMe 

/ \C0,Me 

1 I 
V 

HgOAc 
The ester is obtained in 97 per cent, yield by adding the methyl ester of 
methyl anthranilie acid to mercuric acetate solution in methyl alcohol, 
the reaction being complete in about thirty minutes. I t forms fine 
needles, M.pt. 200° C , easily soluble in chloroform, hot acetic acid, boiling 
alcohols, ethyl acetate, acetone, or benzol, slightly soluble in cold 
water. 

The corresponding chloromermri compound crystallises in white 
needles, M.pt. 210° to 212° C , becoming violet; the bromide has M.pt. 
215° C., turning violet; iodide, needles, M.pt. 190° to 191° C , darkening 
a t 185° C. 

Hydroxymercuri-methylanthranilic anhydride.—Prepared in 
the usual manner from the acetoxymercuri compound it is obtained in 
99-2 per cent, yield. I t is a greenish-yellow, amorphous precipitate, 
decomposing a t 203° C. When prepared from methylanthranilie acid 
and yellow mercuric oxide the reaction is complete m fifteen minutes. 

* Schoelter, Setaith, aaad Hueter, Ber.» l$m* 53* l%l *& 

3I.pt
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The hdornvrvuri-mtthylunthranilh acid may be prepared from it. I t 
is more stable towards acids than the uiunethylated compound, and 
is insoluble in the usual organic solvents. 

A c e t o x y m e r c u r i - e thy lan thran i l i c ethyl es ter , M.pt. 178° C. 
(deeomp.), is soluble in the usual solvents on warming, and crystallises 
from alcohol in needles, the corresponding methyl ester forming needles, 
M.pt. Ibft 'C. 

A c e t o x y m e r c u r i - d i m e i h y l a n t h r a n i l i e methyl es te r forms thick, 
prismatic crystals from methyl alcohol, M.pt. 134" C, and is easily 
soluble in the common solvents. Prepared in the usual way the reaction 
is complete in about three hours. The chloride forms strongly refracting 
prisms, M.pt. lfft- to UK? ( \ ; the bromide, white needles, M.pt. 16-i0 C.; 
iodide* thick prisms. M.pt. 150 € . ; the chloride and bromide contain 
1 niol. of water of crystallisation. 

S u l p h a t o m e r c u r i - d i m e t h y l a n t h r a n i l i c acid,S04(HgC6H3 .XMc2 . 
COaII)2 ,3H20.—The acetoxy compound is boiled for fifteen minutes 
with Normal sodium hydroxide, and the solution treated with Normal 
sulphuric acid. After coolinjr for twenty-four hours in ice, thick prisms 
are obtained, which on crystallisation from alcohol form small, white 
needles. These contain 3 mols. of water, and when heated slowly 
decompose towards 180~ C. It is easily soluble in hot water, but insoluble 
in the usual organic solvents. It should be noted that when other 
acetoxymercuri compounds are treated in the above manner the anhy
drides are isolated. 

The chloTomercuri derivative is prepared by saponifying the acetoxy 
compound and adding Normal hydrochloric acid. It crystallises from 
boiling water in prisms, M.pt. 175' C. with decomposition, and is spar
ingly soluble in organic solvents. 

6 : 6 ' - M e r c u r i - b i s - 2 - a m i n o b e n z o i c acid.—From 30 grams of 
mercury o-nitrobenzoate treated in the same way as the para compound, 
27-5 grams of the anhydride of hydroxymercuri-o-nitrobenzoic acid are 
isolated. This is then reduced with ferrous carbonate as before. The 
product is pale yellow, easily soluble in acids or alkalies, and has no 
definite melting-point.1 

DERIVATIVES OF META-AMINOBENZOIC ACID. 

From m-Ace taminobenzo ic acid.2—m-Acetaminobenzoic acid (53 
grams) in sodium hydroxide is treated with a solution of 48 grams of 
mercuric acetate. The precipitate is the mercury salt of m-acetamino-
henzoic acid, which is dried and heated at 150° to 175° C. until a test 
give*; a clear solution in sodium hydroxide. The melt is extracted with 
boiling alcohol, the residue dissolved in sodium hydroxide, and the 
c0H2{x>und precipitated by hydrochloric acid. I t is filtered, dried, and 
recrystallised irons methyl alcohol. I t forms white needles, melting 
about 200° C.» very easily soluble in alkalies. From the aqueous solution 
of the sodium salt other salts may be obtained in the usual way. The 
constitution is as follows:— 

1 The- following deal with mcrcuratrd anthia-nilic acids: German Patent, 234054, 
anthranilie a«id. Ibid., 248291, methyl ester of methylanthranilic acid. 

2 Germ&a Patent, 264338. 
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NH.Ae 

» 

HgCl 

The method may be varied by heating m-acetaminobcnzoic acid with 
mercuric oxide in an oil-bath, first at 210° C. until the product becomes 
grey, then for a further two hours at 22()c C. If the mercuric oxide be 
replaced by the acetate, heating at 180° C. for three to four hours will 
complete the reaction. 

In a similar way the corresponding m-benzoylaminobenzoic acid 
derivative is prepared. I t melts at about 2203 C. with decomposition, 
and has properties similar to the acetyl compound. 

Mercur i -b i s -3 -aminobenzo ic acid.—m-Nitrobenzoic acid and 
mercuric oxide are heated at 200° C. until the reaction is complete. The 
result is the mercurated nitro compound, and this is reduced in neutral 
solution with aluminium-mercury couple at 40° to 50° C. to the amine. 
I t has similar properties to the para compound. 

From p-Aminobenzoicacid: 2:2'-Mercuri-bis-4-aminobenzoic 
acid.1—Seventy-five grams of the mercury salt of p-nitrobenzoic acid 
is heated at about 225° C. until a test of the reaction product gives a 
clear solution in sodium hydroxide. This usually takes about three 
hours. The mass is then cooled, extracted with alcohol, and dried. The 
dry product (38 grams) is dissolved in about 600 grams of 15 per cent, 
sodium hydroxide and boiled. The boiling solution is treated with a 
solution of ferrous sulphate to bring about the reduction, approximately 
225 grams of the iron salt being required. The mixture is filtered and 
the nitrate strongly acidified with hydrochloric acid, the compound 
separating as a voluminous precipitate. I t is insoluble in the usual 
solvents, but dissolves in alkalies or hot hydrochloric acid, a crystalline 
hydrochloride separating from the latter in fine, microscopic needles. 
The sodium salt of the acid is a pale yellow, crystalline powder, easily 
soluble in water, the solution becoming brown on standing for a long 
time. When hydrogen sulphide is passed through the solution no mer
curic sulphide is precipitated. The constitution is as follows :— 

/ \ / \ 

-Hg-

COOH COOH 

I t may also be obtained by alkaline or neutral reduction of the deriva
tives of hydroxymercuri-p-nitrobenzoic acid.2 

N-Isodiacetoxymercuri-p-aminobenzoic ethyl ester.3— 

KH.HgOAc 
/ ^ H g O A e 

COsEt 

i German Patent, 249725. 
2 See Biumenth&l and Oppem&eim, Biochem, ZeiL, 1913, 57, 2*1. 
5 Schoelkr, Schraiith, and liese, Jfer., 181$. $2, £B], 1777. 
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Two grams of the ethyl ester (1 moh) in 10 c.c. of methyl alcohol 
are added to 8 grams of mercuric acetate (2 mols.) in 50 c.c. of the 
same solvent, and the mixture allowed to stand for a day. A pale 
yellow, non-crystalline product separates out, and this is filtered and 
washed with methyl alcohol and ether. Yield 7-7 grams, 03 per cent. 
I t cannot be reerystallised. melts about 245s C . and is soluble in am-
nwrniuni hydroxide, acetic acid or mineral acids, but with decomposition 
in the latter; in the usual organic solvents it is practically insoluble. 
Its acetic acid solution after neutralisation with ammonium hydroxide 
splits off mercuric sulphide when treated with cold ammonium 
sulphide. 

When dissolved in acetic acid-methyl alcohol mixture and warmed, 
then treated with aqueous sodium chloride, chloromercuri-p-aminobenzoic 
ethyl cater is precipitated. 

NH.HqOAc NH, 

! t -3Nan-K'H sCO.0H - . i~HgCIa-f 3CHaC0.0Xa 

\ / \y 
CO,Ei COJEt 

The same product may be obtained by treating the acetate with 
sodium chloride. The yield by the first method is 94 per cent., and 
when recrystallised from ethyl acetate the M.pt. is 223° C. 

Mercuric acetate sal t of acetoxymercuri-p-aminobenzoic acid 
ethyl ester , 

(:H3.C02H.NH Hg—XH.CH2.C02H 
Ac.OHg/^. /"^pgOAc 

If II 
C02Et COjEt 

Four grams of the ethyl ester of p-aminobenzoic acid in 8 c.c. of methyl 
alcohol are mixed with 84 c.c. of mercuric acetate in 16 c.c. of methyl 
alcohol and 8 c.c. of acetic acid. The salt soon separates, and is filtered 
and washed with alcohol and ether. Yield 8 grams. It forms micro
scopic, rhombic crystals, M.pt 230° to 240° C.s is soluble in ammonium 
hydroxide or acids with decomposition, and to a slight extent in cold 
methyl alcohol, ethyl acetate, or acetone. Ammomum sulphide decom-
j>oses it in the cold. When the substance is dissolved in methyl alcohol 
containing a small quantity of acetic acid, treated with dilute acetic 
acid, then with Normal sodium chloride solution, ehloromercuri~p-
amimhenzok ethyl ester is precipitated. The filtrate is made alkaline 
with amrnoxiium hydroxide, and the solution saturated with hydrogen 
sulphide, mercuric sulphide being obtained in a quantity correspond
ing to one-third of the mercury originally present in the mercuric 
acetate salt. 

When the substance is boiled with methyl alcohol for about two 
hours, N-isodiacetoxymercuri-p-amlnobenzoic ethyl ester separates out, 
and if the mother-liquors are diluted with water, acetoxymercuri-
p-aminobenzoic acid ethyl ester, M.pt. 228° C, is obtained. 

If the methyl alcohol in the above operation be replaced by acetic 
aeid, the resulting products are the mono- and diaeetoxymercuri com
pounds. These_changes are shown below : 
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CHs.C02H.NH Hg NH.CH3.CO,H 
Ac 0. H g / ^ , ^ H g . 0 Ac 

! \ 
i i 

C02Et 

% 

\ 

NH.Hg.OAc NH, NEa NH2 

i/\Hg.OAo /\ .Hg.OAc AcO.Hg/\Hg.OAc /\,Hg.OAc 
+ +2CH3CO.OH + 

C02Et 002Et C02Et C0aEt 

Ace toxymercur i -p -aminobenzo ic ethyl ester.—A mixture of 
3 grams of the ethyl ester and 6*3 grams of mercuric acetate is heated 
in a glycerine bath. At 130° C. the mass becomes liquid and acetic 
acid is evolved, and as the temperature rises to 160° C. the melt solidifies. 
The product is cooled, pulverised, and extracted with methyl alcohol, 
the solution partly evaporated and diluted with hot water. The acetate 
crystallises in shining, bushy needles as the solution cools. Yield 
2-3 grams. 

Using the same quantity of starting material and carrying out the 
mercuration in acetic acid solution the reaction takes twenty-four hours, 
and 3*3 grams of product are isolated. Both methods give a certain 
amount of diacetoxymercuri derivative, which remains behind during 
the methyl alcohol extraction. 

The compound melts at 182° C , then solidifies, and melts again at 
228° C. I t is only slightly soluble in ether or petroleum ether, but 
soluble in other organic solvents. With ammonium sulphide it gives 
a yellow sulphide, but prolonged boiling with this reagent precipitates 
black mercuric sulphide. I t is converted to the chloromercuri compound 
when treated with sodium chloride. 

Hydroxymercuri-p»aminobenzoic anhydride, 

fVg 

CO—O 

The preceding acetoxymercuri compound (3-1 grams) is powdered, sus
pended in 40 c.c. of water and boile<J for a short time with 16-5 c.e, of 
Normal sodium hydroxide {2*25 mols.). The addition of 9-2 c.c. (1*25 
mols.) of Normal sulphuric acid precipitates the anhydride in white 
flocks, excess of acid being avoided or the anhydride will dissolve, form
ing salts. Yield 2-4 grams. I t is only slightly soluble in the usual 
solvents. The ammoniacal solution gives mercuric sulphide, if warmed 
with ammonium sulphide- I t dissolves in water, and aqueous solutions 
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oi* potassium chloride, iodide, or sodium thiosulphate; whilst in bases it 
is soluble, formiuu suits. 

D iace toxymercu r i -p -a tn inobenzo ic ethyl ester.—One method 
of preparation has already been mentioned and two others are available. 
(a) By heating the X-iso'compound with acetic acid; (b) 1 gram of the 
ethyl Vster in 8 e.e. of acetic acid is treated with 4-'i grains (2 mols.) of 
mercuric acetate in 10 e.c. of the same solvent. After several days 
the crystals are filtered off and washed with methyl alcohol and ether. 
Yield V t grams. It melts at Zoo to 257 C , and is rather insoluble, 
except in acetic acid or ethyl acetate. Heating with acetic anhydride 
in acetic acid solution produces an acetyl derivative, fine needles from 
dilute alcohol, M.pt. '217" L. The addition of hot Normal sodium chloride 
solution to the compound in methyl alcohol-acetic acid mixture gives a 
theoretical yield of the d&hhtrumervuri compound. It crystallises in 
small needles, which melt at about 270'" C.1 

M e r c u r l - b i s - p - a m i n o b e n z o i c ethyl es ter , Ifg(Cf,H;J.NH2.CO. 
OEtJj,.- The corresponding ehloromereuri body is heated with aqueous 
sodium thiosulphate, a tlocculcnt precipitate soon forming. This crystal
lises from ethyl acetate in shining needles, M.pt. 17G~ C 2 

DERIVATIVES OF CINNAMIC ACID AND ITS ESTERS. 

Biihnan 3 has shown that when the malenoid forms of compounds 
containing define linkages contain two negative groups, they react 
with mercuric salts to form complex mercury compounds. Since 
aliociimamic acid reacts with mercuric chloride in this manner, whilst 
ordinary cinnamic acid does not, the conclusion has been drawn that 
the alloeinnamic acid has the cis configuration. 

Anhydr ide of a-hydrox>Tmercuri-j8-hydroxy-^S-phenylpropionic 
acid,4 

C » H 6 - C H « C H - C = 0 

OH Ug-6 
This substance is prepared by adding a hot solution of mercuric acetate 
to a tailing aqueous solution of alloeinnamic acid. I t crystallises in 
colourless microscopic crystals, which have neutral properties. I ts 
alkaline solutions are not affected by ammonium sulphide, unless allowed 
to stand for a considerable time, whea mercuric sulphide separates out. 
When heated with hydrochloric acid, mercuric chloride and ordinary 
cinnamic acid are produced. The anhydride reacts with potassium 
iodide according to the equation : 

/ C 0 2 

HO.CHC4Hs.CH< | + 2 K I + H 2 0 = H O . C H C 6 H 5 . C H 2 . C O O K + H g I 2 + K O H 

1 p-Arainobenzoic acid isobutyl ester is dealt with in German Patent, 248291. 
2 For mechanism of raercuration of 3-aeeteraino-4-hydroxybenzoate and sodium 

amiiMtbenzoatos, see Masehuraim, Anmilen, 1920, 450, 80* 98. For dianiinodiphenyl-
cticarboxylic acids, see Blumenthal, Biochem. Zeit., 1911, 32, 59; 1912, 39, 50 ; 1914, 65 
4m ; OHM. toOr., 1911,1 1523; 1912, i. 1631 ; 1914, i. 1245. Arylaminosulphonic acids 
are dealt with in German Patent, 281009. Sulphophenal carboxylic acids, German 
Patent, 410900. 

» Bitimaxw, tier., 1902,35, 2756. 
* Biilmann and Bjerrum, Bet., 1910, 43, 56& 
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a - Ace toxymercur i - j3 - me thoxy - j8 - phenylpropionic methyl 

es ter , 1 

CCH5—CH CH—C02Me 

OMc Hg.OAc 

Mercuric acetate (19-6 grams) is dissolved in 100 to 120 c.c. of warm 
methyl alcohol and 10 grams of methyl cinnaniate stirred in. After 
six hours the reaction is complete, and in two days IS grams of product 
are obtained. Yield 65 per cent. I t is easily soluble in the usual 
organic solvents, and crystallises from ethyl acetate in warty needles, 
M.pt. 140-5° C. (eorr.); from methyl alcohol spear-shaped crystals are 
deposited which change in four to six days to prisms. The acetoxy
mercuri group reacts in the usual way with alkali halides, forming a 
chloride, short needles, M.pt. 133-5° C. (corr.); bromide, needles, M.pt. 
110-5° C.; iodide, needles, M.pt. 100° C. The acetoxymercuri group 
may also be replaced by sodium diethylbarbiturate when the corre
sponding veronal compound is formed. 

Anhydr ide of a-hydroxymercuri~^3-methoxy - /? - phenylpro
pionic acid, 

C€H5—CH C H — C = 0 

OMe Hg—O 

This derivative is obtained in a pure state when the preceding compound 
is saponified by heating with Normal sodium hydroxide and then Normal 
sulphuric acid added. I t decomposes at about 187° C , and its solution 
in ammonium hydroxide yields mercuric sulphide immediately when 
treated with ammonium sulphide, whilst its alkali solutions give pre
cipitates with aqueous solutions of the salts of heavy metals. 

a -Acetoxymercur i -£-e thoxy- /?-phenylpropionic methyl es te r . 
—The preparation is carried out as for the methoxy compound, but 
the methyl alcohol is in this case replaced by ethyl alcohol. I t crys
tallises from ethyl acetate in long needles, M.pt. 123° C , easily soluble 
in most organic solvents. When treated with alcoholic ammonium 
sulphide, /?-ethoxy-j8-phenylpropionic methyl ester is formed, as a colour
less oil, B.pt. 256° C. (corr.).2 The chloride crystallises in needles, M.pt. 
114° C.; the bromide in small needles, M.pt. 85° C.; the iodide in small 
prisms, M.pt. 71° C. The internal anhydride maybe prepared by warm
ing 3 grams of ester with 15 c.c. of Normal sodium hydroxide until a 
clear solution is obtained, and then adding 10 c.c. of Normal sulphuric 
acid. I t decomposes at 191° C. (eorr.). 

The following derivatives are prepared in a similar manner to the 
methoxy compound and the change of alkyloxy group is brought about 
by carrying out the mercuration in the corresponding alcohol. 

a-Acetoxymercuri- jS-propoxy-jS-phenylpropionic methyl ester 
yields white, matted needles, M.pt. 135*5° C. (corr.), very soluble in 
the usual solvents. The yield is about 71 per cent, after two weeks* 
standing. The chloride, bromide, and iodide crystallise in needles, 
melting at 1G9°S 84°, and 84° C. respectively. The internal anhydride 
decomposes a t 188° C. (corr.). 

a - Ace toxymercur i - jS - i sopropoxy - ft - phenylpropionic methyl 
1 Sdhraatih, Schoelier, &ad Struensee, Bet., 1910, 43, ®Q5. 
2 Schmutby SeboeHer, and Straeaasee, Ber.s 1911, 44, 1048, 1432, 

VOL. x i . ; I. 12 
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ester occurs as white, felted needles, M.pt. 150° C. (corr.); the anhydride 
decomposes at 191° C. 

a - Acetoxymercuri - j3 - isobutoxy - /?- phenylpropionic methyl 
ester yields white needles, M.pt. 154° C. (corr.), the reaction taking 
eight days for completion. The anhydride decomposes at 193° C. (corr.). 

a-Acetoxymercuri-jS-methoxy-^-phenylpropionic ethyl ester 
is much more difficult to obtain than the methyl ester, the reacting sub
stances being allowed" to stand for twelve days before being removed. 
The compound crystallises in prisms, M.pt. 107° C.; yield 45 per cent. 
A similar yield of the corresponding benzyl ester may be obtained in a 
few days. This substance crystallises in long, silky needles, M.pt. 127° C.1 

A compound has also been obtained from allyl einnamate by treat
ing it with 2 mols. of mercuric acetate in methyl alcohol solution. 
Sodium chloride solution is added, and the oil which first separates 
solidifies on standing. The formula assigned to the substance is 

C6HvOMeCH.CH(HgCl).C03CH2.CHOMe.CH2HgCl 

It is readily soluble in alcohol, chloroform, benzene, or ethyl acetate, 
and is precipitated from its sodium hydroxide solution by sulphuric 
acid. 

a-Mercuri-di-^-anhydrohydroxy-jS-phenylpropionic acid.— 
When the anhydride of a-hydroxymercuri-j8-methoxy-^S-phenylpro-
pionic acid is moistened with alcohol, then suspended in water, and 
potassium iodide added until a solution is obtained, the addition of 
Normal sulphuric acid gives a white, floccuJent precipitate. It crys
tallises from alcohol in shining rhombic leaflets, M.pt. 200° C. with decom
position. I t acts as a dibasic acid, and does not yield mercuric sulphide 
when treated with ammonium sulphide. Probable constitution : 

CfiHfi—CH—CH—CO,H 

CJHy-CII- CH—C02H 

a- Acetoxymercuri -j3-methoxy-/J-phenylpropionic 1-menthyl 
ester.2—1-Menthyl einnamate in methyl alcohol is treated with mercuric 
acetate in the usual way. It melts at 95° to 105° C. and gives the value, 
[a]r>ai —23*1° in chloroform solution. 

When the compound is treated with sodium bromide in methyl 
alcohol solution, the a-bromomercuri derivative is formed. This has been 
isolated as two optical isomerides: the first has M.pt. 145° to 146° 
C;, [a] ,»-48-6°; the second has M.pt. 134° to 135° C, [a]D

25 +61-9°. 
Similarly the iodide is obtained as a mixture of the two isomerides, 
M.pt. 126° to 128c C, [a]u™ +65-89°, and M.pt. 102° to 103° C., [a]D

25 

—24-27° respectively. Only one chloride, however, has been obtained, 
M.pt, 150° to 15*2a C., [a]D*-45-080.* 

From jS-Hydroxynaphthoic acid.4—To a boiling solution of 1-88 
grams of jS-hydroxynaphthoic acid in 25 e.c. of 96 per cent, alcohol, a 
solution of 3-2 grams of mercuric acetate in 25 e.c. of boiling wrater is 

1 See Uerauwi Patent;, £28877. 
* Stndboro ami Kwrel, J. Amer. Ckem. #oc„ 1026, 48, 1409. 
a Tbe following deal witlt tgro&tne: German Patents, 267411, 2^7412, 279957. 
* Brkger and ftcbglenuucta, / , pmM. Chem.f 1914, 89, 97, 
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added with shaking. A yellowish-white precipitate is obtained which 
is readily soluble in sodium hydroxide, but not acted upon by cold 
ammonium sulphide. This is filtered and washed first with 90 per cent, 
alcohol, then with much water and dried over calcium chloride in vacuo. 
The preparation is a pale yellow, fine powder, insoluble in all organic 
solvents. I t is soluble in alkali, imparting a pale yellow colour to the 
solution. This solution when treated with stannous chloride gives 
metallic mercury. I t therefore contains no preparation of the type 
R—Hg—R. With iodine in potassium iodide the mercury is removed, 
and a compound of /3-hydroxynaphthoic acid formed. Since the analysis 
for mercury is somewhat low in compound L, i t has been suggested that 
salt formation takes place between the mercurated product and the 
excess of acid present, giving compound II. , as excess of naphthoic acid 
cannot be removed by careful washing with alcohol. The same com
pound is also obtained when the acid is mercurated by means of mercuric 
oxide. The above facts are represented by the following formula?:— 

Hg-
OH 

v v C 0 0 

Hg-
A A , O H HofV\ 

I. II. 

A dimercurihydroxy naphthoic acid cannot be obtained, and mereura-
tion of jS-hydroxynaphthoic-4:7-disulphonic acid has not been very 
successful. 

* 
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CHAPTER X. 

MERCURY {continued). 

MisrnLLANEors MERCURY DERIVATIVES OF OKGAKIC COMPOUNDS. 

MEMCURY COMPOUNDS DERIVED FROM OLEFIXEtf. 

THE compounds formed from the ethylenes have given rise to con
siderable discussion. The formula* assigned to them are very complex, 
and no two investigators seem in agreement as to their constitution. 
This is probably due to experiments not being carried out under standard 
conditions. Hofmann and Sand l divide the compounds obtained by 
the action of ethylene on mercuric salts into the following types :— 

1. Ethene mercury salts, CII2—CH.HgX 
2. Polymerised ethene mercury salts, (C2II^IIgX)n 
Ji. Etlmnol mercury salts, GIl.CH.>.CH»,IIgX 
4. Ethyl ether mercury salts, 0(CH2.CH2.HgX)3 

The formation of these types is explained on the assumption that the 
mercuric salt, HgX2, ionises into HgX and X ions, which combine with 
the ethylene to form CII2X.CH2.HgX. If such a compound loses its 
hydrogen halide it forms an ethene compound. Hydrolysis of the com
pound would form an ethanol salt, whilst partial hydrolysis and coup
ling with the original compound would give the ether type, if hydrogen 
halide were lost. 

They draw the following distinction between ethanol salts (I) and 
ether salts (II) ;— 

1. An alkaline solution of (I) in potassium iodide remains clear, but 
(II) gives a white precipitate. 

2. An alkaline solution of (I) gives a white precipitate with potassium 
sulphide, soluble in hot potassium hydroxide; (II) gives a white pre
cipitate, insoluble in boiling potassium hydroxide. 

:j. The halogen-free alkaline solutions of ether salts yield insoluble 
earlxmates, whilst the ethanol salts do not. 

Manehot and his co-workers have criticised the above types and 
consider them to be molecular addition compounds. Their arguments 
will be found when discussing the respective compounds. 

In the case of the acetylene compounds very little satisfactory work 
has been accomplished, and with both ethylenes and acetylenes only 
such work as has given more or less definite results has been included in 
the following pages. 

The references given on the next page should be taken along with 
those given in the text by anyone desiring a more complete knowledge 
of the work done on these compounds. 

1 Hofmann and Sand, Ber., 1900, 33, 1340, 2692. 
180 
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Ethylene,1 hutylene and amylene* acetylene? Isopropyl acetylene.* 

Ethanol mercuric chloride, Clrl^OII.CII^IIgCl.5 —Kthvlcne is 
passed into a nearly saturated solution of mercuric chloride, and a 
double salt of the ethanol compound with mercuric chloride is obtained. 
This is washed free from other compounds and recrystalliscd from spirit. 
I t forms plates, soluble in potassium hydroxide, from which solution 
carbon dioxide precipitates ethanol mercuric chloride. The chloride is 
also formed by the action of ethylene on saturated mercuric acetate, 
treating the solution, with potassium chloride, then precipitating the 
compound by carbon dioxide. I t melts at 155c C. 

This compound with potassium cyanide or concentrated acids (not 
acetic acid) yields ethylene. From an aqueous solution of the chloride, 
hydrogen sulphide precipitates all the mercury as sulphide, but from 
an alkaline solution potassium hydrosulphide precipitates ethanol 
mercuric sulphide (CH2OHCH2Hg)aS. 

Ethanol mercuric bromide is prepared in a similar manner to 
the chloride. I t has also been formed from the mother-liquor obtained 
in the production of ethanol mercuric sulphate by the action of ethylene 
on mercuric sulphate. The liquor is saturated with ammonia, then 
treated with acetic acid, the grey-black residue filtered off and potassium 
bromide added to the filtrate, the bromide separating out.tt I t crys
tallises from alcohol in thin, glistening plates, M.pt. 158° C, which 
yield ethylene when treated with 20 per cent, hydrochloric acid at 15" C. 
A similar result takes place with 30 per cent, acetic acid, the re
action becoming more rapid on heating. Cold sodium and ammonium 
hydroxides give clear solutions from which ammonium sulphide throws 
down a white precipitate. By bromine in alcohol, the bromide is oxidised 
to bromomercuri acetic acid, HgEr.CH2.COOH. Sodium ethylale with 
an alcoholic solution of the bromide precipitates a white powder, 

CHa—Hg 

CH2—0 

which melts indefinitely at 140° C, is soluble in water and alkali, from 
which solution dilute acids give a white precipitate. 

Evaporation of the bromide with acetic anhydride gives an acetyl 
derivative, HgBr.CH2.CII2.OAc3 lustrous leaflets, M.pt. 75° C, which 
with hydrochloric acid yield ethylene. 

When oxidised by permanganate the bromide is converted mainly 
into oxalic acid, bromomercuri acetic acid being formed a t the same 
time.7 

1 Sand and Breesfc, Zeitsch. anorg. Chem., 1907, 59, 424; Sand, Ber., 1901, 34, 1385; 
AnnaUn, 1903, 329, 138. 

2 Beniges, BuU. Soc. chim., 1898, [3], 19, 494. 
3 Plimpton, Proc. Chem. 8oc.t 1892, 8, 110; Keiser, Amer. Chem. J., 1893, 15, 537; 

Plimpton and Travers, Tram. Chem. Soc., 1894,65, 266; Biginelli, Chem. Zentr., 1898, i 925; 
Le Comte, J. Pharm. Ghim., 1902, [6], 16, 297; Chem. Zentr., 1902, ii, 1499 ; Burkard and 
Travers, Tram. Chem. Soc., 1902,81,1270; Biltz, Ber., 1905,38,133; Brame, Trans. Chem. 
Soc, 1905, 87, 427 ; Nieuwland and Maguire, J. Amer. Chem. Soc., 1906, 28, 1025; French 
Patent, 479656, Chem. Abe., 1914,11, 870; Swiss Patent, 74446, Chem. Abs., 2027; Patents 
Chem, Abs., 1918, 12, 42, 280, 484, 5ffi, 588, 

4 Perkin, Chem. Abs., 1913, 7, 2095; British Patent, 277 (1913). 
* Hofmann and Sand, Ber.t 1900, S3? 1340, 2692, 
6 Biilmann, Ber., 1900, 33. 1W1-
7 Sand and Singer, Annulm, 1903, 329, 166-
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Ethanol mercur ic sulphate, (CH2OH.CH2.Hg)2S04.—Ethylene is 
passed into a solution of mercuric sulphate, and the sulphate is precipi
tated as a white crystalline body. It is easily soluble in warm water/not 
decomposed on boiling with ammonium hydroxide, and gives a white pre
cipitate with ammonium sulphide. Although stable to boiling alkali, it is 
decomposed by boiling acid, mercuric sulphate being formed. Concen
trated hydrochloric acid decomposes it with the evolution of ethylene. 

Ethene mercur ic iodide, CH2=CH — Hg—I.—A solution of 
mercuric nitrate is treated with potassium hydroxide until a slight pre
cipitate is formed. The latter is then dissolved by passing in ethylene, 
more potassium hydroxide is added to give a precipitate and more 
ethylene* passed in. This process is repeated until no more ethylene is 
absorbed. Potassium iodide solution is added and carbon dioxide 
passed in, glistening silver plates of the iodide being precipitated. It 
melts at 1^7° C.s is easily sohible in hot alcohol and fairly soluble in hot 
water. It is decomposed by hydrochloric acid or potassium cyanide 
with evolution of ethylene. Boiling with mercuric oxide and potassium 
hydroxide yields the insoluble form of dimercuri acetic acid, (HOHg) 
(ilg)C.COOH.1 The iodide is easily soluble in alcoholic potash, either 
the hydroxide, CIIs~CILHgOII, or the anhydride, CH2.CH2.Hg.O? 

being formed, and the alkaline solution of this compound when boiled 
with methyl iodide regenerates the iodide. At 150° C. methyl iodide 
decomposes the iodide, forming mercuric iodide and hydrocarbon. 
Reduction in alkaline solution by sodium amalgam or electrolysis gives 
ethyl alcohol.2 When ethanol mercuric chloride in methyl alcohol 
solution is treated with silver nitrate, ethene mercury nitrate is formed, 
CH a -CH.HgN0 3 . It crystallises in strongly refracting plates, easily 
soluble in water and exploding when heated. The addition of a little 
dilute hydrochloric acid to the aqueous solution precipitates ethanol 
mercuric chloride. 

Ethyl ether mercuric chloride, (HgCl.CH2.CH2)20.—Ethylene 
is passed into a nearly neutral solution of mercuric sulphate, a sulphate 
of composition CgHg4(S04)2OJHI0 being precipitated. This is dissolved 
in-10 per cent, potassium hydroxide, potassium chloride added, and 
carbon dioxide passed in. The precipitated chloride meltsat about 190° C, 
is slightly soluble in water, alcohol, or ether. The corresponding bromide 
is obtained by substituting potassium bromide for the chloride. I t is a 
line, white $>owders has a similar solubility to the chloride, and sinters 
above 200° €. I t only reacts very slowly with dilute hydrochloric or 
acetic acid, whereas the ethanol salt is readily attacked. It dissolves 
in sodium hydroxide, forming a clear solution. 

An alkaline solution of the sulphate when treated with carbon 
dioxide yields the carbonate, [{Hg.CH2.CH2)2Q]C02. 

An ethene mercuric iodide of the polymerised type (CsHgHgl)^ is 
formed by the action of potassium iodide on the sulphate. I t crystal
lises from alkali in platelets, M.pt. 161° C. 

An analogous sulphide is obtained from an alkaline solution of the 
sulphate by the action of potassium hydrosulphide. It is a white 
precipitate, unchanged by boiling with water, and is insoluble in hot 
potassium hydroxide. 

1 Hofmann and Sand, Ber.t 1901, 34, 1385, 2906. 
* 8&tod and Singer, Ber.t 1902, 35, 3180 
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Mercurodiethylene oxide, O : (C2H4)2 : Hg^.1—-Ethyl ether mer

curic bromide dissolved in 10 per cent, potassium hydroxide is treated 
with an alkaline stannite solution until no further precipitate is obtained. 
The grey-violet product is decanted, washed, and dried over sulphuric 
acid. Yield nearly quantitative. I t is a bluish-black precipitate, 
sintering at 80° C. and melting at 140c to 150° CM insoluble in water, 
alkalies, and the usual organic solvents. I t is completely decomposed 
by hot hydrochloric acid, and when heated with benzene in a sealed 
tube at ] 4«0° C. is converted into mercury and the mercuric compound. 

Mercuridiethylene oxide, 

0 < \ H g 
X CH 2 — C H / 

Prepared as just described, it crystallises from benzene in glistening, 
colourless needles, M.pt. 145° C, insoluble in water, alkali, or dilute 
mineral acids, but readily soluble in most organic solvents, except 
ether and acetone. I t is not decomposed when heated with potassium 
hydroxide, iodide, or cyanide, but with fuming hydrochloric acid it 
gives a theoretical yield of ethylene.2 

Manchot and Klug 3 criticise the above work of Hofmann and Sand, 
and advance arguments against the structures given above, in favour 
of additive formulae. Their points are : 

1. Hofmann and Sand's formula does not explain why the com
pound of the type CH2OH.CH2.HgX is immediately decomposed by 
halogen acids with the evolution of ethylene, whereas it is stable towards 
other acids. According to Manchot, a similar result is obtained by 
potassium cyanide or thiocyanate in the presence of acids. 

2. The reaction is caused by all those substances which combine 
with mercuric halides to yield additive compounds of the type HgCl2. 
2HC1, and may be expressed by the equations : 

C2H4 .OH.HgCl+HCL^=€2H1 .HgCl2+H20 
and 

C2H4.HgCl2+2HCl^±=HgCl2.2HCi+C2H4 

3. I t was shown by Sand that the complex C2H4.Hg(OH) is univalent 
and that the dichromate was prepared by Manchot and expressed as 

[C2H4 .Hg(OH)]2CrA 

4. The decomposition by iodine of the ethylenic compounds con
taining mercury is more readily explained by the additive formula. 
I t is assumed that the iodine displaces the oxygen, followed by the addi
tion of oxygen at the double bond, thus yielding CH2I.CH2.OH and 
O (CH 2. CH 2I) 2 respectively. 

5. According to Sand's formula, the ethanol mercuric iodide should 
yield propyl alcohol when treated with methyl iodide, whereas methyl 
alcohol, ethylene, and mercuric iodide are obtained, 

1 Sand, Ber,f 1901, 34> 2910. 
* Stoefcr. / . pmH. Cktm., mi, [21 55> 80-
8 Maaachofc axx& Kl%, A%mk%v 1 « J , 42a, 17®, 

1 
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6. Ethyl ether mereurie salts \ield ethylene when heated with 
methyl iodide at 110' C. 

2CaII4jr»I.O.IlirI ^ C H J - ^ C . H i i-2HirIa-r(CHs)20 

and this is also a<hanen! to support the addith e structure. 
Acetoxymercuri-ethyl methyl ether, AcOIIffXII3.ni3.OMc.1— 

Mereurie acetate (20 ynmis, S5 per cent.) is shaken with 100 c.c. of 
methvl alcohol, mid air-free ethylene passed in. The absorption is 
measured and in one hour at 22 V'.iuid 7*50 mnu, HOOe.e. of ethylene are 
absorbed. When the reaction is complete the mixture is distilled under 
reduced pressure to reiwn e the alcohol and acetic acid, and a yellow, oily 
liquid remains. This after standing for twenty-four hours in vacuo over 
sulphuric acid and caustic alkali solidifies (17 grams). Yield 82^ per 
cent. It crystallises from petroleum ether in fine needles, M.pt. 42' C, 
easily soluble in water and the usual solvents. Treated with a little 
hydrochloric acid in aqueous solution it yields the chloride, but with 
excess of hydrochloric acid ethylene is evolved on gentle warming. 
With ammonium sulphide a white amorphous sulphide is precipitated 
which splits off mereurie sulphide on warming. Sodium stannite 
solution id\es metallic mercury in the cold. The acetate decolorises 
permanganate and ethereal iodine solutions. 

The bromide is obtained by treating the alcoholic acetate with 
aqueous potassium bromide. I t crystallises in small bushes of white 
needles, M.pt. 58 C, which are readily soluble in all the usual solvents, 
except light petroleum. The corresponding iodide crystallises in white 
needles or plates, not particularly stable. 

Acetoxymercuri-dimethyl ether is prepared in the same way as 
the preceding compound, but the reaction takes longer to complete. 
Yield 95 per cent. It forms fine white needles, sintering at 33° C. and 
melting at 30 C. The chloride yields white needles, M.pt. 92° C , and 
when heated with methyl iodide at 100° C. practically 1 mol. of 
ethylene is produced and mercuric iodide formed. 

Since these compounds are readily decomposed by halogen acids 
yielding ethylene, and the latter is evolved when they are treated with 
alkyl iodides, the following constitution has been proposed 2: 

C2H4.Hg(OEt)X 

Propanol mercuric chloride,3 CHa.CHOILCH2JIgCL—Propylene 
is passed into an alkaline solution of mercuric nitrate, and the required 
amount of potassium chloride added. After twelve hours, carbon 
dioxide is passed in and the solution extracted with ether. It crystallises 
from this solvent in prisms, melting at alx>ut 53° C. Instead "of using 
mercuric nitrate, the acetate may be used, but not the sulphate, as a 
yellow precipitate is then obtained which contains much basic sulphate. 

The corresponding bromide is prepared similarly to the chloride, but 
in this case the salt is precipitated by the carbon dioxide. I t is 
recrystallised from absolute alcohol-ether mixture and melts at 76° C. 
The iodide crystallises in needles, M.pt. 68° C, from benzene or ether. 
I t is easily soluble in absolute alcohol, sparingly in carbon disulphide, 

1 Schoeller, Schnwth, and JSssexs, Ber*9 1913, 46, 2864. 
2 Manchot, Ber,t 1020, 53, [B]t S84. 
* Sand and Hofmann, Ber.t 1900, 33, 1343 ; Sand and Genasler, %bid.t 1903,36,3699. 
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benzene, or water. When an alkaline solution of the chloride or bromide 
is treated with hydrogen sulphide, a white sulphide is precipitated, this 
in time dissolving with the formation of a ht/drosulpkide. 

Dibromomercu r i -d i - i sop ropy l ether is obtained by dissolving 
the bromide in alcohol and passing carbon dioxide into the solution. I t 
may be purified by solution in pure potassium hydroxide and precipita
tion by carbon dioxide. I t is a heavy, crystalline powder, insoluble in 
organic solvents, and has no melting-point. When dissolved in alkali 
and treated with potassium iodide solution, the iodide is obtained. This 
may be recrystalliscd from boiling potassium hydroxide. I t has similar 
properties to the bromide. The structure of these compounds is as 
follows :— 

CII3 CH3 

CII—0—CII 

XHg— CHa CHa—HgX 

Butanol m e r c u r i c chloride.1—Isobutylene, (CI^^C—CH.,, con
taining a little pseudobutylene, CHa.CH==CH.CH3, when passed into 
an aqueous solution of mercuric chloride, only slowly deposits a white 
micro-cr3Tstalline compound. If, however, mercuric acetate is used, the 
absorption of the mixture of butylenes is rapid, and the solution becomes 
intense red, the addition of potassium hydroxide only precipitating a 
little mercuric oxide. Potassium chloride is added, the solution allowed 
to stand for twTenty-four hours, and treated with carbon dioxide. In the 
case of the bromide, the compound is precipitated at this stage, but to 
obtain the chloride the solution is extracted with ether, from which this 
salt crystallises. I t melts at 52c C , and is easily soluble in alcohol, ether, 
water, or benzene. The bromide crystallises in glistening prisms, M.pt. 
66° C, the ether solution forming a compound with ammonia having the 
composition HO.C4H8.HgBr.NH3. 

Butene m e r c u r i c iodide, C4H7HgI.—When potassium iodide is 
used in the above preparation, Sand and Hofmann state tha t a butanol 
compound is not obtained, but the butene derivative. I t crystallises 
in spears from ether, and prisms from benzene or carbon disulphide. 
All the above substances with 20 per cent, hydrochloric acid give a 
quantitative yield of olefine and mercuric salt. 

When isobutylene is passed into neutral mercuric sulphate solution, 
it gives an intensely yellow powder of complex composition. This is 
insoluble in 10 per cent, sulphuric acid, and on boiling with sodium 
chloride a mixture of calomel and a red chloride, C4Cl4Hg4(OH)6,H20, is 
obtained. 

Mercury t r ichloroethyiene, Hg(CCl=CCl2}2.—Triehloroethylene 
is shaken for several days with an alkaline solution of mercuric cyanide. 
An oil separates out, the excess of trichloroethyiene is removed by 
evaporation, and the residue recrystallised from ether. I t crystallises 
in colourless, strongly refracting plates, melting at 83° C , easily soluble 
in alcohol or ether. I t is decomposed by yellow ammonium sulphide, 
mercuric sulphide separating out. 

1 Sand and Hofmann, he. ait 
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MERCX:RY coMPurxm DERIVED FROM ACETYLENES. 

Products from Mercuric Chloride.—When pure acetylene is passed 
into mercuric chloride solution a white precipitate is obtained, to which 
Hofmann l gave the structure : 

(ClJl£)*C—IT!, 
\ / 
Hff 

Bilt/ and Mumm l state that this compound is really a trichloro-
mmnri-acetuldehyde, C(HtrCl)3.C'HO» The evidence put forward is tha t 
the analysis corresponds to this formula, and also that the following 
equation may represent the reaction : 

Calla+aHfrCIa+HaO^CtHgChs-CHO+SHCI 

The equation is based on the fact that the compound when boiled 
with hydrochloric acid yields 3 mois. of hydrogen chloride and acetal
dehyde. Chlorine water converts it into mercuric chloride and chloral: 

C(IIgCl ),CIIO -i-SCl a - C O , . C H O -r-3HgCl 2 

With an aqueous* suspension or a potassium iodide solution of iodine, only 
mercuric iodide is isolated. Permanganate in the presence of sulphuric 
acid converts it directly to carbon dioxide and mercuric salts, whereas 
Hofmann stated that triehloromercuri acetic acid was formed. Later,3 

Hofmann admitted that his compound was so rapidly hydrolyzed by 
water that he could not obtain a preparation free from oxygen. He 
therefore considered his compound to be an aldehyde. When heated 
with aqueous potassium cyanide, triehloromercuri acetaldehyde yields 
aldehyde resin, mercuric cyanide, and metallic mercury. No precipitate 
is formed when acetylene is passed through an aqueous solution of 
mercuric chloride containing an excess of sodium chloride. 

Manchot4 considers that this triehloromercuri acetaldehyde is 
merely an additive product of vinyl alcohol. 

Although not obtained by the direct action of ethylene, a body to 
which an ethylenie structure lias been assigned is obtained when diethyl 
ether is shaken with mercury oxychloride. I t has been styled vinyl 
oxymercurochloride, CH2==€ILQHg.O.Hg2Ci2.5 If boiled for a long time 
with potassium hydroxide solution, and the residue in alkaline solution 
treated with nitric acid, a colourless compound is precipitated, 
CH~C.Hg2(OH)2.Hg2(OII}2. I t will be noted that the compound has 
assumed an acetylcnic structure, and has been named " acetylene-
mercury" Treated with glacial acetic acid it yields a crystalline acetate, 
CH-HC.Hgg.(OAc)rHg(OAc)?, decomposing at 100° C. or when boiled 
with water. When nitric acid is added to an alkaline solution of vinyl 
oxymereuroehloride, colourless acetylenemercury oxychloride is precipi
tated, CHsC.HgO.HgClj. I t is an amorphous powder, insoluble in 
nitric or hydrochloric acids, ammonium hydroxide, or alkali carbonates, 
bu t readily soluble in potassium hydroxide. I t is not explosive, bu t 
when heated volatilises, leaving a carbon residue. 

1 Hofmann, Ber., J8W, 32, 870, 
2 Biltz and Mumm, Ber., 1904, 37, 4417. 
3 Hofm&nn, Ber., 1904, $% 4459. 
4 Maaebot, Awwkn, 19X8, 417, 93. 
* Polecfe andThummel, Ber., 1899, 22, 2863. 
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From Mercuric Nitrate.1—By passing acetylene into a cold solution 
of mercuric nitrate for fifteen to twenty minutes, Hofmann obtained 
a compound to which he assigned the formula, CgH^XOJL He 
also mentions a compound. C2Hg3N05H, to which he ascribed the 
constitution, 

X03.Hg.C < ) O.CHO 

as being prepared in the following manner : 20 grams of yellow mercuric 
oxide in 70 c.c. of SO per cent, nitric acid and 500 c.c. of water is treated 
with acetylene for two hours at 18° C. A greyish-white, powdery 
precipitate is obtained. This is mixed with 150 c.c. of 8 per cent, nitric 
acid, and allowed to stand for six hours at room temperature, and after 
repeating the operation three times the product is filtered, washed with 
alcohol and ether, and dried in vacuo. If acetylene be passed into hot 
mercuric nitrate, some mercury separates as well as the above product. 

When boiling mercuric nitrate solution is saturated with acetylene 
the composition of the precipitate is HgC==CHg.HgN03.H20. This 
yields acetaldehyde when treated with dilute acids. 

If the mercuric nitrate solution contains an excess of potassium 
nitrite and 1 per cent, nitric acid and acetylene be passed into the cold 
mixture, niirito-dimer cur acetaldehyde is precipitated as a bright yellow 
powder. I t is explosive, and is proved to be a nitrite by its behaviour 
towards a-naphthylamine in the presence of acetic and hydrochloric 
acids.2 

From Mercuric Oxide?—"When acetylene is passed through a sus
pension of mercuric oxide in boiling phosphoric acid, density 1*15, or 
in 30 per cent, sulphuric acid, acetaldehyde is produced. 

From Mercuric Chlorate and Ferchlorate?—Chloratoirimercur'{acetalde
hyde, C103.Hg.C(Hg20).CHO, is obtained by passing acetylene into 
an aqueous solution of mercuric chlorate or a mixture of sodium chlorate 
and mercuric nitrate. The precipitate obtained is digested with 
3 per cent, hydrochloric acid. The compound is less explosive than 
ehloratodimercuraeetaldehyde. If the perchlorate is substituted for 
the chlorate, perchloratomercuracetaldehyde is formed, the substance 
being less sensitive to shock than the chlorate. 

From Mercuric Bromide?—When acetylene is left in contact with 
the bromide and water at 100° C. in a sealed flask acetaldehyde is 
formed, and methyl acetylene under similar conditions yields acetone. 

Methyl Acetylene?—When methyl acetylene (allylene) is passed 
into mercuric chloride solution at ordinary temperatures, a white, 
crystalline precipitate is obtained. Kutscheroff gave its constitution 
as 3HgCl2.3Hg0.2C3H4, whilst Biltz and Mumm consider it to be a 
trichloromercuri acetone, CH3.CO.C(HgCl)3. The product is insoluble 
in water or cold alcohol, but is decomposed by acids, with the formation 
of acetone and mercuric salts. The reaction between methyl acetylene 

1 Hofmann, JSer., 1898, 31, 2212, 2783 j Erdmann and Kothner, Zeitsck, a-norg. Ghem., 
1898, 18, 4 8 ; Kothner, JBer.» 1898, 3*, 2475. 

3 Hofmann, Ber., 1905, 38, 1999. 
3 Erdmann and KSthner, Zdtsch. cemrg, Chem., 1898* 18, 48. 
* Hofmann, Ber„ 1906, 38, 1999. 
s Kutscheroff, Ber., 1881, 14, 1540. 
« Kutscheroff, Ber.t 1884,17. IZ; M a t and Mumm, B&r., 1904, 37* 4417. 
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and niereuric bromide takes place to a less extent, and in the case of 
mercuric iodide no reaction can he perceived. 

A compound, Hjr(C3II;j)2, is obtained by the action of methyl acety
lene on alkaline solutions of mercuric iodide in potassium iodide, or 
inercurie chloride. It melts at 203° to 204' C. with slight darkening.1 

Methyl acetylene AVith niereuric sulphate gives a compound which 
Kutscheroff "designates as HirSOj.jlIgO.SC.^IIj.TlIgO, and with mer
curic acetate a white amorphous precipitate. JIgAc.3HgO.2C.jHj. 

Ethyl aect\Ienc gives compounds analogous to those from the 
methyl "derivative. They dissolve readily in hydrochloric acid, yielding 
methyl ethyl ketone, and Biltz and Munim consider the compound from 
mercuric chloride to be irkhloromereuri-methyl ethyl ketone. The com
pound from alkaline mercuric iodide forms long white needles, M.pt. 
102" to 103'* C. from 05 per cent, alcohol. Ethyl n-butyl acetylene and 
ethyl propyl acetylene are said to yield derivatives with mercuric chloride, 
hut tin* compounds have not been analysed.2 The melting-points of 
the compounds obtained from other mono-substituted acetylenes by 
the action of alkaline mercuric iodide are as follows: tert.-buiylacetylem% 
M.pt. !H* to 92c C.; n-amylaeetylene, M.pt. 61° € . ; u-oetylaaiylene, M.pt. 
Hiy to 81." C.3 

Mercury chloroacetylide, Hg(C=:CCl)2.
4—This compound is 

formed: (1) By shaking sym.-dichloroethylene with mercuric cyanide 
and aqueous potassium hydroxide solution; (2) the gas obtained by 
heating trichloroethylme with alcoholic potassium hydroxide is washed 
with wafer and concentrated sulphuric acid, then passed into an 
alkaline mercuric cyanide solution. The product is obtained as a white 
precipitate, which crystallises from ether in thin quadratic plates, M.pt. 
183" (\, decomposing with explosion at 105° C. It is not attacked 
by concentrated hydrochloric acid, but with an ethereal solution of 
iodine, when exposed to sunlight, it yields ehloro tri-iodoethvlene, 

mi-cia. 
Mercury bromoacetylide is prepared as above, using dibromo-

ethylene or trihromocthylene. I t crystallises in thin, rectangular 
plates, decomposing at 153° to lo5z C, readily detonating when rubbed 
on a tile. It is decomposed by boiling with potassium cyanide solution 
or dilute hydrochloric acid, yielding bromoacetylene, and is volatile 
in steam. With mercuric bromide it forms an addition compound. 

When a mixture of hydrogen and monochloroacetylene is passed 
into a saturated aqueous solution of mercuric chloride, irichloromercnri-
tieetie acid. V(ll\^\)ZS1Q^\, is precipitated as a crystalline powder. 
This is decomposed by hydrochloric acid, yielding* acetic acid and 
mercuric chloride, but in cold potassium hydroxide solution a poly
merised form of the acid is obtained. When the mercuric chloride solu 
tion contains sodium acetate, chloroacetylene gives dlchloromonohydroxy-
trimercuri-acetic add, HgOH.C£HgCl)2.C02H. From its solution in 
potassiuni hydroxide, carbon dioxide precipitates irihydroj^ymereuri-
acelic acid, 

C(HgOH)3.C02H. 

1 Johnson and M'Ewen, J. Atwr. Vfam, <SVjc„ 102*5, 48, 472. 
2 Bchal, BuU. Soc. chiw.t 1888, [21, 49, 581; Ann. Chim. Phtfs., 1888, [6], 15, 415. fl Johnson and M'Ewen, foe. cil, 
4 Hofmwm and Kirmreutlier, Ber.t 1908, 41, 314 ; 1909, 42, 4232. 
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Products from Phenylacetylene.1 

From Mercuric Chloride.—A -white, insoluble, amorphous solid is 
obtained. This when boiled with hydrochloric acid and steam distilled 
yields acetophenone, but if steam distilled after addition of the acid 
some phenylacetylene is also obtained. 

From Mercuric Bromide.—-In this case a yellow, crystalline substance 
is formed, which yields phenylacetylene and acetophenone if treated 
with concentrated hydrochloric acid and steam distilled. 

Mercury phenyl acetyllde, Hg(C6H5.C=C)2, is formed when 
mercuric oxide reacts with phenylacetylene. This compound has 
been more recently obtained2 by dropping a solution of 1 equivalent 
of phenylacetylene in 20 volumes of 95 per cent, alcohol into a cooled, 
dilute solution of 2 equivalents of alkaline mercuric iodide, the mixture 
being mechanically stirred. The product separates as a white, crys
talline precipitate if the acetylene solution is not added too rapidly; 
in the latter case the product is at first sticky, but becomes crystalline 
on standing. The alkaline mercuric iodide is prepared as follows: 
66 grams of mercuric chloride are dissolved in a solution of 163 grams 
of potassium iodide in 163 c.c. of water, and 125 c.c. of 10 per cent. aq. 
sodium hydroxide added. The above crystalline precipitate is stirred for 
two or three minutes, then filtered and washed with 50 per cent, alcohol. 
The mixture should not be allowed to stand too long before filtration, 
or secondary reactions set in. The crude product is recrystallised from 
benzene or 95 per cent, alcohol. From the latter it forms glittering 
white leaflets, M.pt. 124-5° to 125° C. I t is moderately soluble in cold 
ether or alcohol, readily soluble in chloroform, benzene, or hot alcohol. 

The following substituted acetylenes are prepared in a similar 
manner:— 

Mercury benzyl acetylide is purified by solution in hot benzene 
and precipitation by petroleum ether, then crystallisation from hot, 
absolute alcohol. I t forms white needles, M.pt. 100-5° to 107-5° C. 

Mercury phenyl ethyl acetylide occurs as small, white crystals, 
M.pt. 83-5° to 84-5° C. 

Mercury p-tolyl acetylide yields long, white needles, M.pt. 199° 
to 202° C.; yield 75 per cent. It is moderately soluble in warm benzene 
or toluene, slightly soluble in cold, sparingly soluble in ether or boiling 
alcohol, and almost insoluble in cold alcohol. 

Mercury p -anisyl acetylideforms small, white crystals from toluene, 
M.pt. 207° to 209° C , when rapidly heated. When heated slowly, the 
salt turns brown before the melting-point is reached. 

Mercury hexahydrobenzyl acetylide yields long, white needles, 
M.pt. 104° C.; yield 78 per cent. 

Mercury phenoxymethyl acetylide gives long, white needles, M.pt. 
120-5° to 121° C.; yield 84 per cent. 

Mercury tribromoethylene.—Acetylene tetrabromide is shaken 
for about ten hours with alkaline mercuric cyanide solution. A crys
talline denosit is obtained, which after crystallisation from ether yields 
monoclinic prisms, the parameters of which are a : b : c—1-4829 : 1 : 
0-5637 ; £=105° 26', M.pt. 141° C. With yellow ammonium sulphide 

1 Manchot and Haas, Anmhn, 1913s 399, 123; Biltz and Reinkober, Annakn, 1914, 
404, 219 ; Nef, Annaknt 1899, 308, 299. 

a Johnson and M'Ewen, J". Amer. Ohem. 80c., 1926, 4S» 472. 
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it i*ives tribromoethylene, but is not decomposed by boiling water or 
10 per cent, hydrochloric acid.1 

Vinyl bromide2 (monobromoethylene) gives a white, amorphous 
compound when heated with mercuric acetate at 100° C, the product 
probably being a compound of acetaldehyde with mercurous bromide. 

MercuraiUm of SUjrol (phenylethylene).3—Two grams of styrol with 
a solution of 10 grams of mercuric acetate in 170 c.c. of water are shaken 
for eight hours and the reaction product poured into 10 per cent, 
sodium chloride solution. The product is easily decomposed, and with 
sodium hydroxide becomes yellow, with ammonium sulphide black. I t 
crystallises from water in plates, M.pt. 1V2° C, the aqueous solution 
having an odour of styrol, which becomes intense on warming. A 
similar product is obtained if a mixture of mercuric chloride and 
acetate is used. The composition is given as 3C8H8..3IIgQHCI JIgCIa. 

When styryl ethyl ether is warmed at 50° C. with an aqueous solution 
containing ;i mols. of mercuric acetate, and poured after two hours 
into 10 per cent, sodium chloride, a white precipitate is obtained.4 The 
substance formulated as CHPh=CH.OII.2IlgC10H, partially melts 
alKHit Vlif C, is stable towards dilute acids, but decomposed by hydro
chloric acid, yielding phenylaeetaldehyde. 

DERIVATIVES OF OYVLO- AND DIGYGL0-P£NTADI$NE* 

Cyclopcntadiene when shaken with an alcoholic solution of mercuric 
chloride and sodium acetate gives a heavy white precipitate of di~ 
chloromercuri cyclopetxtadiene, CsH4(HgCI }2J insoluble in all solvents. 

Chloromercuri methoxy dicyclopentadiene.—To 35 grams of 
mercuric chloride in 200 c.e. of acetone-free methyl alcohol, 5 c.c. of 
dzcyclopentadiene are added, and the mixture allowed to stand for two 
days at 15° C. It is then filtered, and the filtrate added to boiling water 
until turbidity disappears, and on cooling the compound is deposited in 
shining crystals. Yield 10 to 12 grams. It is obtained in pale yellow 
needles, M.pt. 133° C, when recrystallised from aqueous methyl alcohol 
(1 : 2). In alcohols, ether, acetone, benzene, or acetic acid it is readily 
soluble, also in hot alkali. Boiling potassium cyanide solution or acids 
convert it into dicyclopentadiene and mercuric salts. When its solution 
in concentrated sulphuric acid is wanned it assumes a pink coloration, 
with a green fluorescence. 

If the methyl alcohol in the above preparation is replaced by ethyl 
alcohol, the corresponding eihozy compound is formed. It crystallises 
from aqueous alcohol in prisms, M.pt. 9&° C. 

The amyloxy compound is a heavy oil, which solidifies at —12° C . 
and is soluble in hot methyl alcohol", from which solution it may be 
precipitated by the addition of water. 

ALKYL AND AMYL MERQUMG ALKYL XANTHATBS.* 

To the alcoholic solutions of the alkyl or aryl mercuric hydroxides, 
obtained from the corresponding chlorides by treatment with sodium 

1 Hofmanii and Kirmreuther, Ber., 1908, 41, 314 ; 1909, 42, 4232. 
3 Naj-tzefl and Glinsky, Jahrviber., 1S67, 563 ; Zritsch. Chem., 1867, [2], 3, 675 ; Bull, 

Soc, cMm., JSt>8, [2], 9, 474. a Mauchot, Aimakn, 1930, 421, 316. 
* Manchot, Haas, and Mahrfein, Annakn, 1918, 417, 98. 
* Thiele, AT . , 1901,34,71; Hofmaan and Seller, Ber., 1906,39,3187. 
* Koten and Adams, J. Amr, Chem. Hoc,, 1924,46, 2767. 
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hydroxide in 200 c.c. of absolute alcohol, 15 e.c. of carbon disulphide 
are added. A slight evolution of heat is noticed, and a faint yellow colour 
develops. Partial evaporation at room temperature precipitates the 
compounds, which are recrvstallised from 95 per cent, alcohol. The 
products are white, and the yields average 70 per cent. They are 
soluble in ether, chloroform, or hot alcohol, but insoluble in water. 
Exposure to sunlight causes them to blacken. Iodine in chloroform 
solution decomposes the compounds, forming the corresponding alkyl 
or aryl iodides and a yellow oil. The following substances have been 
obtained : methylmercuric methyl xanthate, CH 30 — CS — SHgCII3„ 
M.pt. 59° C. ; methylmercuric ethyl xanthate, M.pt. 69° C. ; ethyl-
mercuric ethyl xanthate, M.pt. 53° C.; n-propybnercuric ethyl xanthate, 
M.pt. 38° to 39° C.; n-butylmercuric ethyl xanthate, oil ; p-tolyhnercurie 
ethyl xanthate^ M.pt. 128° C.: p-tolylmercuric methyl xanthate, M.pt. 145* 
C.; benzylmercuric ethyl xanthate, M.pt. 74° C. 

DERIVATIVES OF SUBSTITUTED ARYLOXY-FATTY ACIDS.* 

From Thymoxy-acetic Acid.—One hundred parts of the acid are sus
pended in 2500 parts of water and mixed with a solution of 100 parts of 
mercuric acetate. After warming for one hour at 70° to 80° C. an 
insoluble sandy powder separates. I t is purified by solution in strong 
alkali and precipitation by carbon dioxide. I t is insoluble in the usual 
organic solvents, but readily soluble in alkali. The mercury is split off 
again when heated with dilute hydrochloric acid. The compound has 
the following constitution :— 

Me 
/ \ _ 

CSH7 

•Hg 

> 
'O.0HaGO 

In the same way the following acids may be mercurated: a-guiacol-
propionic acid, a-cravoxy-propianic acid, o-chlorophenylglycollic acid, 
naphthol fatty acids or salicyloxy-acetic-acid or their derivatives.2 

DERIVATIVES OF HYDRAZINES? 

A solution of 30 grams of ethyl hydrazinecarboxylate in 150 
c.c. of water is added to 63 grams of freshly precipitated mercuric 
oxide suspended in 1 litre of water. A violent gas evolution soon 
takes place and heat is developed. The yellow colour of the 
mercuric oxide disappears, and the mass becomes dirty green. After 
the reaction subsides, the whole is left for several hours, then boiled 
and filtered. The residue is boiled up several times, with about 
500 e.e. of water, and from the filtrate colourless needles separate on 
cooling. These are recrvstallised from much water or a little benzene 

1 German Patent, 261220; cf. American Patent, 1074781; British Patent, 4075 {1915}. 
2 German Patent, 264267, deals with the combination of the above type of deriva

tive from phenoxyacetie acid with alanine to form a water-soluble double compound, 
The compound of o-chlorphenoxyacetic acid is combined with sodium diethylb&rbiturate. 
The mercury compounds may be replaced by the derivatJYes of pyrocatechol glyeollic acid, 
p-cresoxyvalerianic acid or xylenol butyric acid, and the alanine and sodium diethyl barbit
urate by urea* acid amidies or imides, caffeine or polypeptides; cf. German Patent, 281875. 

3 Diels and IXthemann, Bar., 1920, 53, [B.] 723. 
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or toluene. Yield 5 grams. The compound melts at 155° C. and has 
the following constitution :— 

C2H503C.X—N.C02C2H5 

CaHBOaC.Hg Hg.C02C2H5 

I t is decomposed by hydrochloric acid into ethyl hydrazodiearboxyl-
ate, mercuric chloride, carbon monoxide, and alcohol ; by piperidine 
into ethyl hydrazodiearhoxylate, mercury, and piperylurethane ; by 
bromine into ethyl azoclicarhoxylate, mercuric bromide, and ethyl 
bromoformate. 

A similar derivative is formed from methyl hydrazine carboxylate. 
It melts at 215' C. and has similar properties to the ethyl compound. 

DERIVATIVE OF PYRIMIDIXES 

Sixty parts of freshly precipitated mercuric oxide and 50 parts of 
2: G-dihydroxy-l-imino-dihydropyrimidine-^-acctic acid (sodium salt) in 
200 parts of water are shaken for ten hours. The greater part of the 
mercuric oxide dissolves. The filtrate is concentrated in vacuo and 
the residue treated with pare alcohol, the mercury derivative being 
precipitated pure in a crystalline form. It is extremely soluble in water, 
alkalies, or carbonates, insoluble in alcohol, ether, chloroform, or 
benzene. The compound has the constitution: 2 

NH CO 

CO C - H g 

&- C=NII 
i 

CHa.C08Na 

DERIVATIVES OF XAIJCYL AND NITROSALICYLALDEIIYDES* 

3:5-Diacetoxymereuri saficylaldehyde.—Ten grams of the alde
hyde and 52 grains of mercuric acetate are dissolved in 500 c.c. of 50 per 
cent, alcohol containing 5 c.c. of acetic acid, and heated for one hour at 
100° C. From the cold, filtered solution 32 grams of crude diacetate 
are obtained, the filtrate yielding a further 10 grams if left overnight. 
The addition of sodium chloride to the filtrate gives 8 grams of dichloro 
compound. 

The diacetate is soluble in acetic acid, but insoluble in other solvents. 
It crystallises in needles, M.pt. 234° C. with decomposition. I t is 
soluble in aqueous sodium hydroxide, and when boiled with alcoholic 
potassium iodide the mercury is split off and salieylaldehyde and potas
sium hydroxide formed. With hydroxylamine or phenylhydrazine, 
metallic mercury is precipitated. 

The above dichloro compound is insoluble in organic solvents and 
does not melt at 270D C. 

1 German Patent, 224401. 
2 For derivatives of pyramidone, see Waehuizen, Chem. Zenir,> 1900, ii. 1628; Oliveri-

MaiidaJJk, Gazzetta, 1921, 51, I 125. 
s Whitraore &ad Middfetbn, J. Ataer. Chem. Soc.t 1923, 45, 1330; Henry and Sharp, 

Tram. €h$m. Soc.f 1022, I2is 1055. 
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3(?)-Chioromercuri salicylaldehyde.—Ten grains of aldehyde 
in 2 litres of water are treated with 20 grams of mercuric acetate, and 
the mixture mechanically stirred until no mercury ions can be detected in 
a test portion after filtering. Filtration yields 3 grams of diacetate, and 
sodium chloride precipitates 19 grams of a mixture of mono and diehloro 
compound from the filtrate. Repeated extraction with boiling alcohol 
gives 5 grams of pure monochloromereuri salieylaldehyde. M.pt. 180' to 
190° C. When this is suspended in chloroform and*treated with one 
molecular proportion of iodine, an iodosalicylaldehyde, M.pt. 52' to 38' C, 
is isolated, 3-iodosalicylaldehyde melting at 55° C. 

3-Acetoxymercuri-5-nitrosalicylaldehyde.—Twelve grams of 
the aldehyde and 23 grams of mercuric acetate in 400 c.c. of alcohol and 
5 c.c. of acetic acid are heated for one hour at 100" C. Filtration <*ives 
20 grams of product, which deposits pale yellow crystals from acetic acid, 
which do not melt at 200° C. Its solution in sodium hydroxide is yellow, 
and when acidified with hydrochloric acid gives the corresponding 
chloride. This is insoluble in organic solvents and does not melt a t 
200° C. 

5 - Ace toxymercur i - 3 - ni trosalicylaldehyde.—Four grams of 
aldehyde and 7 grams of mercuric acetate when treated as above give 
9 grams of the compound. I t is insoluble in organic solvents and does 
not melt at 200° C. 

Condensation of the foregoing Mercurated Salicykddehydes with 
Aromatic Amines. 

2 :5-Diacetoxymercuri salicylal aniline.—-Five grams of the di-
acetate in 10 c.c. of hot aniline give 5-5 grams of a brick-red, amorphous 
product, insoluble in organic solvents and not melting at 200° i\ A 
similar product is obtained from p-toluidine. p-Aminobenzoic acid gives 
a deep red, insoluble powder, and anthranilic acid a similar compound. 

3(?)-Chloromercuri salicylal aniline yields flat, yellow plates, 
M.pt. 182° to 184° €., insoluble in organic solvents. 

3-Hydroxymercuri-5-nitrosalicylal aniline anhydride, 
0 
II 

I i 

li 

is obtained by condensation between 3-acetoxymercuri-5-nitrosalicyl 
aldehyde and aniline, 1 mol. of acetic acid being lost during the con
densation or on drying. I t is a red, amorphous product, insoluble in 
organic solvents, but soluble in alkali, 

3-Chloromercuri-5-nitrosalicylal aniline is an orange-red 
compound. 

DERIVATIVES OF META AND P-BYDBOXYBENZ ALDEHYDES AND 
THEI& NITRO COMPOUNDS.1 

2 - Acetoxymercuri - 3 - hydroxybenzaldehyde, AcO.Hg.CeH3 
(OH).CHO.—One molecular proportion of the aldehyde in 50 per cent, 
alcohol is mixed with one molecular proportion of mercuric acetate 

i Henry and Sh&tp, Trans. Chem. 80c, 1922,12t, 1056. 
VOL. XI. : I» 13 
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in 50 per cent, alcohol containing 1 per cent, of acetic acid. The 
mixture is boiled under reflux and the reaction mixture concentrated, 
when a precipitate separates. This is filtered off, washed with water, 
alcohol, and ether, and dried. Recrystallisation from alcohol containing 
5 per cent, of acetic acid gives colourless needles, M.pt. 185° to 186° C. 
(corr.) with decomposition. It is soluble in sodium hydroxide, and is 
coloured yellow by sulphuric acid. Iodine in potassium iodide solution 
converts it into iodo-in-hydroxyhenzaldehyde, and potassium per
manganate in acetone solution oxidises it to an iodo-m-hydroxy-
benzoic acid. Potasbium nitrate in sulphuric acid below 0° C. gives 
2-nitro-34iydroxybenzaldehvde. 

4 : 5 - Anhydro - 3 - acetoxymercuri - 5 - hydroxymercuri-
4-hydroxybenzaIdehyde, 

CH0./\--Hg 
E J | 
I i i 

V ° 
Hg.OAe 

When the preceding method is applied to p-hydroxybenzaldehyde, this 
anhydro derivative is produced-. It is a colourless, crystalline powder, 
insoluble in water and most organic solvents, and has no melting point. 
It is soluble in hot acetic acid, being converted into 3:5-diacetoxydi-
mercuri-^hydroxybenziMehyde, minute, colourless, glistening plates 
being deposited as the solution cools. This compound darkens on 
heating, but does not melt below 300° C. The diacetoxy derivative 
gives a turbid solution in sodium hydroxide, from which carbon dioxide 
precipitates 3:5'dihydroxydlmercurl^'hijdroxybenzaldehyde, and with 
hydrochloric acid the dichloroditnercuri compound is obtained. 

Iodine in potassium iodide solution converts the anhydro compound 
into 3 : 5-di-iodo-4-hydroxybenzaldehyde. 

The following method of preparation is a general one for the com
pounds now described. The nitrohydroxybenzaldehyde (1 mol.) with 
mercuric acetate (1 mol. or 2 mols.) in 50 per cent, alcohol containing 
a little acetic acid is boiled until a test portion is completely soluble 
in sodium hydroxide.1 

5-Hydroxymercuri-3-nitro~4-hydroxybenzaldehyde occurs as 
microscopic, orange platelets, darkening about 285° C, but not melting 
at 300° C. It forms an orange solution in sodium hydroxide. Addition 
of hydrochloric acid to this solution precipitates the chloromercuri 
compound, which crystallises from alcohol in tufts of minute, colourless 
needles, M.pt. 226° C. (corr.) with decomposition. From a solution 
of the hydroxymercuri compound in glacial acetic acid the aceioxy-
mereuri derivative separates in colourless prisms, darkening about 
250° C.» but not melting at 300° C. The hydroxymercuri compound, 
when shaken with an excess of 5 per cent, solution of iodine in potassium 
iodide, is converted quantitatively into iodo-3-nitro-4-hydroxybenz-
aldehyde. 

The mereuration of 6~nitro-3-hydroxybenzaldehyde leads to the 
production of a solid (A) consisting of dimereurated compounds, and 
concentration of the filtrate from this yields mixtures of mono- and 
dimereurated compounds. 

Products from A.—This product proves to be insoluble in the usual 
1 Henry and Sharp, Trans. Ckem, Boc,r 1924, 125, 1049. 
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solvents, but dissolves in formic, acetic, propionic, or n-butyric acids. 
From propionic acid, orange-yellow needles of 2 .^-dipropionoxy-
dimercuri^-nitro-S-hydroxybenzaldehyde separate. These ex
plode at 235° C. (corr.) and are sparingly soluble in sodium hydroxide, 
to which they impart an orange colour. If hydrochloric acid is added 
to this solution, the 2 : -%-dichlorodimercuri compound is precipitated, 
and may be recrystallised from alcohol in colourless, microscopic needles. 

The monomercurated compound is obtained from the more soluble 
fractions by extraction with ether, dissolving the residue in potassium 
hydroxide solution and adding hydrochloric acid. Monochloro-
mercuri-6-nitro-3-hydroxybenzaIdehyde is thus precipitated. I t 
decomposes at 198° C. (corr.). The dimercurated product is converted 
by a per cent, bromine in alcohol into 2 : 4-dibromo-6-nitro-3-hydroxy-
benzaldehyde, and with iodine in potassium iodide solution into 2:4-di-
iodo-6-nitro-3-hydroxybenzaldehyde. The monomercuri compound in 
a similar manner yields monoiodo-6-nitro-3-hydroxybenzaldehyde. 

If two molecular proportions of mercuric acetate be used, most of 
the product consists of dimercurated compounds. 

4-Nitro-3-hydroxybenzaldehyde also yields a mixture of compounds. 
The dimercurated product appears to be a hydroxymercuri-acetoxy-
mercuri-4-nitro~3-hydroxybenzaldehyde. I t is insoluble in most 
solvents, but gives 2 : b-diformoxydimercuri-^-niiro-Z-kydroxybenzahk-
hyde from hot formic acid solution. I t crystallises in pale yellow needles, 
which darken at 120° C.and explode at 257° C. When boiled with formic 
acid, metallic mercury separates. I t gives a red solution in potassium 
hydroxide, from which hydrochloric acid precipitates the 2 : 6-dichloro-
dimercuri derivative. This crystallises from alcohol in bundles of 
minute, pale yellow needles, which darken at 240° C. but do not melt 
at 300° C. When heated in vacuo it loses a molecule of water a t 60° C, 
and decomposes a t 282° C. (corr.). Its potassium hydroxide solution 
is decomposed by carbon dioxide with precipitation of 2 :3-anhydro-
2 :6-dihydroxymercuri-4-nitro-3-hydroxybenzaldehyde. The di
mercurated compound may be converted by the usual means into a 
di-iodo-4-nitro-3-hydroxybenzaldehyde. 

Monoformoxymercuri-4-nitro-3-hydroxybenzaldehyde may 
be obtained from the monomercurated compound. I t melts at 233° to 
235° C. (corr.) with decomposition. Other compounds from this 
hydroxybenzaldehyde are: propionoo^mercuri-4!--nitro~3-hydroa)ybenmlde-
hyde, pale orange needles; cMoroinermri~4s-nitro-3-hydroxybenzaldehyde9 
decomposing about 187° C. The monomercuri compounds may be 
converted to an iodo-4-nitro-3-hydroxybenzaldehyde. 

Using the general methods described in the preceding cases, 2-nitro-
3-hydroxybenzaldehyde yields the following derivatives: %(iroa^-
mercwnace^a32^^c«n-2-n^o-3-%^ro^&finsaZ&%^, amorphous; di-
acetoa%dimercuri-2~mtro~8-hydro%ybmzaldehydes pale yellow needles; 
dichlorodimercuri'2-nitrO'B--hydTOxyb€7izaldehyde> pale green, decom
posing at 236° C. (corr.); acetoa^77iercun~2-nUrO'3~hydroan/benzalde}ufde. 
bundles of microscopic needles, not melting at 300° C, ; chforomercuri-
%-ntiro-3-hydroo^bmkaldehydey decomposing about 207° C. 

Other substittded Bmmldehydes.1—2«Hydroxy-3«acetoxymercuri-
5~tert.-butylbenzaldehyde.—The aldehyde and mercuric acetate 
in molecular proportions are dissolved in alcohol containing acetic acid 

1 Henry and Sharp, he. A 
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and boiled for fifteen minutes. The hot solution is then poured into 
a lar^o volume of water, the resulting white precipitate filtered off 
immediately and dried in vacuo. Reerystallisation from alcohol con
taining acetic acid s»ives white, needle-shaped crystals, M.pt. 220c C. 
If the above preparation be repeated without using a solvent and the 
mixture heated i'or two hours ou the water-bath, a 73 per cent, yield 
is obtained. 

2 - H y d r o x y - 3 - a c e t o x y m e r c u r i - 5 - i s o a m y l b e n z a l d e h y d e . This 
compound is prepared by the second method mentioned abo.ve. It 
crystallises in bundles of white needles, M.pt. 13*' to 135 C. 

M:RIVATIYE& OF ACETOPHEXOXJ:.1 

Phenacy lmercu r i c chlor ide, C6H5.CO.CIL.H«rU. Two parts of 
mercuric acetate and three parts of aeetophenone are quickly heated in 
an oil-bath to 150 I'., and the temperature maintained until mercury 
ions can no longer be detected. The mixture is iiltercd hot and treated 
with an excess of aqueous sodium chloride. The precipitate is extracted 
with ether to remove the excess of aeetophenone and reerystallised from 
hij;h-l>oilhi$f ligroin. Needles are obtained, M.pt. \lo~ to 1 Wf C. 
Warmed with dilute hydrochloric acid it <jivcs aeetophenone and 
mercuric chloride; and with cold ammonium sulphide, aeetophenone 
and mercuric sulphide. Bromine yields phenacyl bromide. 

It reacts violently with ethyl magnesium bromide forming (chloro-
mercuri methifll-t'thtfl-pheMfl-carhinoU 

Kt 
I 

C a I I 5 -C—OH 

0H2.HgCl 

This is a crystalline powder, M.pt. 129= to 131° C. with decom
position, ammonium sulphide decomposing it with the formation of 
mercuric sulphide. 

Aeetophenone yields a precipitate when added to an aqueous solution 
containing mercuric cyanide and sodium hydroxide. It is a pale yellow, 
insoluble powder, which retains about 3 per cent, of water when dried 
in air. Like the acetone compound, it is decomposed by potassium 
cvanidc or hydrochloric acid. Its constitution mav be expressed as 
3{C§H s .CO.CH-Hg), HgC tX, or 

CN.Hg.CH.Hg.CH.Hg.CH.Hg.CN 

CO CO CO 
I I I 

LgII5 C5H5 CgHg 
Diphenylmcthyl ketone also gives a compound with mercuric cyanide 
in alkaline solution. 

Products- from BenziilacetopkmoneZ—a-Acetoxymercuri-jS-meth-
oxy-jS-pheGylpropiophenone.—A solution of 25 grams of benzalaceto-

* Dimroth, Ikr., 1902, 35, 2&53 ; Marsh and Fleming Struthws, Tram. Chem. Sac., 
1905, 87, 1881; Grignard and Abelmann, Bull. Soc. rMm.t 1916, [iv.J, 19, 18. 

2 Middleton, J. Amer. Ohm. Hoc.t 1923, 54, 27fS3. 
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phenone and 38 grams of mercuric acetate in 250 c.c. of absolute methyl 
alcohol is allowed to stand until a sample is soluble in sodium hydroxide. 
The solution yields 53 grams of product on evaporation, and when 
recrystallised from methyl alcohol it melts at 115° C. When treated 
with potassium bromide (1 mol.) in alcoholic solution it yields the a-
bromoniercuri derivative, M.pt. 14-V C , but with one molecular equi
valent of bromine the mercury is split off, and a-bromo-jS-niethoxy-/?-
phenylpropiophenone is formed. The latter compound when treated 
with sodium methvlate and afterwards with mercuric acetate yields the 
diacetoxymercuri derivative of dibenzoyl methane. The above a-
bromomercuri compound reacts with ethyl magnesium bromide, giving 
/3-phenyl valerophenone and mercury diethyl. The a-acetoxymeretiri 
derivative is slowly decomposed by cold hydrochloric acid, and rapidly 
by hot acid, mercuric chloride and benzalacetophenone being formed. 
Hydrogen sulphide gives an immediate precipitate of mercuric sulphide 
when passed through an alcoholic solution of the compound, and an 
aqueous solution of potassium iodide on boiling decomposes the com
pound with the formation of benzalacetophenone. 

In a similar manner the following compounds may be prej>ared, and 
have properties like those of the above compounds:— 

a-Acetoxymercuri-fi-elhoxy-fi-pJienyl propiophenone is formed as 
above, but using ethyl instead of methyl alcohol in the preparation. I t 
melts at 134° C. 

The a-bromomercuri compound melts at 138° C, and a-acetoxy-
merciiri-fi-rnethoxy-fi-phenyl-p-cMoropropiophenone has M.pt. 121° C. 
Dibenzalacetone yields an acetoxymercurimethoxy derivative, M.pt. 183? 

C.; and an ethoxy compound, M.pt. 188° to 190° C. 

DERIVATIVES OF BEXZOPHEXOXE.1 

o-Ghloromercur i benzophenone.—Dry mercuric acetate is heated 
with an excess of benzophenone (3 mols.) in an oil-bath at 120° C. 
and finally at 130° C. until the reaction is complete. The mixture is 
poured into a hot salt solution and shaken with ether. The latter is 
distilled off and the benzophenone removed by ligroin, a mixture of 
mono and dimercurated compounds remaining. Recrystallisation 
from alcohol produces glittering plates of the mono derivative, M.pt. 
167° to 168° C. Yield 40 per cent. I t is readily soluble in acetone, 
chloroform, or ethyl acetate, sparingly in ligroin. I t is decomposed by 
boiling hydrochloric acid into benzophenone and mercuric chloride, and 
its warm solutions are slowly decomposed by hydrogen sulphide. With 
magnesium ethyl bromide it forms phenyl o-chloromercuriphenyl ethyl 
carbinol^ which may be crystallised from ether-ligroin, M.pt. 106° C. 
with decomposition. I t reacts vigorously with Grignard reagents, 
but gives no reaction in the cold with hydrogen or ammonium sulphides, 
owing to the attachment of the mercury to the nucleus, as shown : 

E t 
I 

C6H5—G-C6H4.HgCI 

OH 
1 Dimroth, Ber.> 1902,35, 2853 ; Grignard and Abelm&nn, Bulk SQC. chim.91916, [ir.], 

19,18. 
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The dicMoromercuri compound crystallises from hot alcohol as a 
yellow powder. 

o-Bromomercuri benzophenone is prepared in a similar manner 
to the chloride. It melts at about 176° C, is difficultly soluble in alcohol 
or ether, and bromine transforms it to bromohenzopheuone. The latter 
gives o-bromobenzophcnone oxime (M.pt. 132° to 133° C), and this with 
alkali gives phenyl indoxazene, thus fixing the constitution of the bromo 
compound, 

DERIVATIVES OF IXDAXDIOXE AND OXIKDONE. 

2-Chloromercuri-2-carbethoxy~indandione,1 

CO 
C6H4</ \c{COaEt)HffCl 

MXK 

The sodium compound reacts with aqueous mercuric chloride to give 
the above derivative. It crystallises in colourless prisms, M.pt. 240° to 
215': C\, and is insoluble in the usual solvents, but dissolves in pyridine. 

2-Chloromercuri-2-acetyI~indandione, 

CO 
C 6 H 4 / [ \c(Ae)HgCl 

The condensation of ethyl phthalate and acetone in the presence of 
sodium yields 2-acetyl-indandione, and this reacts with mercuric chloride 
forming a colourless, micro-crystalline powder. 

2-GhloromercurI indandione is obtained by treating sodio-1: 3-
diketohydrindene with excess of mercuric chloride in aqueous or alcoholic 
solution.2 The pale yellow salt is easily soluble in pyridine, but with 
difficulty in sodium hydroxide. When shaken for two days with sodium 
carbonate the colour changes from yellow to white, and the correspond
ing hydroxide is obtained as a white solid. 

DERIVATIVES OF CAMPHOR* 

aa-Di-iodomercuri camphor*—I, Camphor (9 grams) is dis
solved in a solution containing 1*5 grams of potassium in 50 c.c. of 
absolute alcohol. The addition of 13-5 grams of mercuric iodide gives 
no precipitate and the solution is poured into water, a white product 
being deposited. The liquid is saturated with carbon dioxide to prevent 
reduction, and the precipitate collected and dried. It is digested with 
aqueous potassium iodide to remove excess of mercuric iodide, washed 
and dried. Yield &5 grams. Reaction is in accordance with the 
equation : 

0C,0H18O+4HgI2+2KO€2H5==C10H14OHg2I2+2KHgI3,4C10H16O 
+2C2H60 

2. A solution of 0-75 gram of camphor in a little petroleum is added 
to a mixture of 50 c.c. of Normal potassium hydroxide and 6-7 grams of 

1 Hanfczsch and Gajewski, Annakn, 1912, 392, 302. 
8 Peters, Ber., 1907, 40, 235. 
3 Harsh and Fleming Strathers, Trans. Ghem. $oc.> 1909, 95, 1777; March, ibid., 

iaio, 97, Z4io. 
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mercuric iodide, and the mixture shaken until the red colour disappears. 
The petroleum is removed in vacuo and the precipitate washed and dried. 
The above quantities are taken in accordance with the equation : 

C10H18O+8HgIa+2KOH=C10H11OHgaI2+KaHgI4+2HaO 

I t is found, however, that the product contains a small variable 
amount of the compound C10H14O.Hg2O. 

3. By the action of cold glacial acetic acid on the substance (C10H14O)3 
Hg4I2)

 a 5 S P e r cent, yield of di-iodide is obtained. 

(CxoH1 4O)3Hg ( 1I2+2C2HA=C1 0II lpHg2I2-f2Ca 0H1 5O.Hg.C2H3O2 

The di-iodide is a colourless, amorphous powder, insoluble in water 
and neutral solvents. I t sublimes without melting and apparently 
without decomposition. I t is unaffected by aqueous potassium iodide, 
and is insoluble in alcohol or acetone, but when mixed with potassium 
iodide it is soluble in both these solvents. 

Compound (C10H14O)3Hg4I2.—This body is prepared by dissolving 
camphor in a little petroleum and heating on a wrater-bath for twenty-
four hours with an alkaline solution of potassium mercuric iodide. The 
precipitate is dried at 100° C. A 51 per cent, yield is obtained using 
2 grams of potassium iodide, 21 grams of camphor, and 63 grams of 
mercuric iodide, the latter being added in thirteen stages. 

I t is a pale yellow, amorphous powder, scarcely affected by ordinary 
solvents. Aqueous potassium iodide only slowly decomposes it, but 
in acetone solution the decomposition is rapid. Halogen acids yield 
mercuric salt and camphor. Concentrated nitric acid oxidises it to 
camphoric acid, and concentrated sulphuric acid decomposes it, with 
separation of mercuric iodide. Cold glacial acetic acid gives di-iodo-
mereuri camphor, but hot glacial acetic acid yields a-acetoxymercuri 
camphor only, no di-iodide being formed. 

C1 0H1 4O3HgJ2-f3C2H4O2-HgI+3C1 0H1 5O.Hg.C2H sO2 

With a cold solution of iodine in benzene (C10H14O)3Hg4I2 yields 
di-iodocamphor. Prolonged heating with potassium hydroxide eventu
ally gives a compound represented by (C^H^O^IIggO. Condensation 
of camphor with mercuric iodide in the presence of alkali probably first 
forms the di-iodo compound, which on further heating condenses to 
(C10H14O)3Hg4I2. If in the preparation of the latter the amount of 
potassium iodide is diminished, a compound agreeing with the formula 
(C10H14O)5Hg6I2 is formed. I t is likely that the potassium hydroxide 
and iodine acting on (C10H14O)3Hg4I2> first form more highly condensed 
compounds, (C10H14O)4Hg6I2 and (C10H14O)5Hg6I25 and the latter is 
decomposed by potassium hydroxide as follows ;— 

4(C1 0H1 4O)3HgJ2=3{CX 0H i 4O)4Hg6I2+HgI2 

5(C10H14O)4Hg5I2=4(C10H14O)5Hg6I2+HgI2 

(C1 0H1 4O) sHg sI2+2KOH-2(C ] L 0H1 4O)2Hg3O+C1 0H1 6O+2KI 

In the series (C10H14O)2Hg3I« is missing, but is probably represented 
by (C10H14O)2Hg3O. 

a-Chloromercnri camphor, CX0HXBO.HgCL—The compound 
(C10H14O)3Hg4I2 is dissolved in cold glacial acetic acid and the solution 
treated with sodium chloride. I t crystallises well from glacial acetic 
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acid, the crystals melting at 222" C, but is insoluble in water. The 
bromide separates from 'jriacial acetic acid in colourless, transparent 
crystals, M.pt. 220' to 221" C. insoluble in water. Using potassium 
iodide, the a-hdomereuri compound is obtained as a double salt with 
mercuric iodide, CioII15O.HgI.HgIa. The mercuric iodide may be 
remosed by the action of potassium iodide in neutral solution, the 
a-iodide being left as a nearly colourless precipitate. I t crystallises 
from ethyl acetate in minute, colourless crystals, M.pt. 18-1° C, decom
posed by glacial acetic acid. 

a-Mercuri camphor oxide, (C10ir i5OHg)2O, is obtained from 
the acetate by treatment with pure potassium hydroxide. I t is readily 
soluble in alcohol or carbon disulphide, evaporation of the latter solution 
leaving a clear, transparent glassy solid. 

In all the above compounds the mercury appears to be in the mercuric 
state, no mercurous salts having been obtained by decomposition with 
halogen acids. The structural relationships of the mercury and iodine 
derivatives to camphor quinone is shown by the formula:: 

C.H 
A l l g J a Xl« 

C8HU 

/CO 

-co 
Products from Camphorearborylie add,1—To a methyl alcohol 

solution of UH parts of the acid, a solution of ICO parts of mercuric 
acetate is added, a precipitate soon separating. After twelve hours 
the mixture is filtered, the residue washed with alcohol and water, 
and dried. The product is a snow-white powder. The carbosrylic 
methyl ester has been treated in a similar manner. The reaction is 
represented as follows :— 

CH 

COOH 

Mc—C—Me 
t 

HaC ! JCO 

H 

-r-Ja^ 
OAc 

xOAc 

11,0 

H,C 

,COOH 

'•HgOAc 
-fCH3.CO.OH 

From Camphene?—X saturated aqueous solution of 2 mols. of 
mercuric acetate is shaken with a solution of 1 mol. of camphene in 
petroleum ether for thirty days. White, glistening, colourless plates 
are obtained, M.pt. 188° to 189° C, having the composition C10H16O. 
(Hg.OAc)2. Hydrogen sulphide regenerates camphene. The corre
sponding ehloride is a white, amorphous powder, insoluble in all neutral 
solvents. It sinters at 150° C. and does not melt at 250° C. Reduction 
by sodium amalgam in aqueous solution, or zinc and potassium hydroxide, 
yields camphene, 

l-Pmene when treated with mercuric acetate yields dioxypinene.3 

1 German Patent, 275932. 
2 Balbiann and Paolim, Bn., 1903, 36, 3575, 
* Balbianoand Paojini, j&n, 19Q2S 35, 2904 ; AtiL J?. Accad. Lincei, 1902, [v.J, 11, i t 65. 

CioII15O.HgI.HgIa
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DERIVATIVES OF TERPINEOL AXD DIMETRYLHEPTESOL* 

Yellow mercuric oxide is dissolved in 20 per cent, nitric acid, and 
potassium hydroxide added until the basic nitrate begins to appear. 
An ethereal solution of terpineol is then added and the mixture shaken 
until a clear solution is obtained. More potassium hydroxide is added 
and the precipitate again dissolved by more terpineol, these processes 
being repeated until the addition of the alkali gives a black precipitate. 
The solution is then made strongly alkaline, and potassium iodide 
added, when iodomereuri cineol is at once precipitated. This is filtered 
off, and from the filtrate in a few days a crop of a- iodomereuri trans-
terpineol crystallises out. If these crystals arc filtered off and carbon 
dioxide passed through the filtrate, jS- iodomereur i - t rans- terpineol 
is precipitated. 

a-Iodomercuri cineol, 

/ C H a . - C H . \ 
C M e e - 0 C M e ^ C H 

\CH(HgI) — C H 2 / 

crystallises from alcohol in small, glistening prisms, which dissolve very 
readily in cold benzene or chloroform. I t becomes yellow at 115° C. 
and melts with decomposition at 152° to 15-4° C. I t docs not yield a 
benzoate, and reduction with sodium amalgam does not give a terpineol, 
but a mobile oil. This gives precipitates with hydrogen chloride, 
bromide, or ferrocyanide, and is therefore probably cineol. The corre
sponding chloride crystallises from alcohol in felted needles, M.pt. 102° C, 
and unlike the iodide is readily soluble in alkali. 

a-Iodomercuri-trans-terpineol, 

•CH 2 CH 2 \ 
OH< >CH.CMe2.OH 

\ C H ( H g I ) C H / 

This separates from benzene in glistening, colourless prisms, which 
are sensitive to light, become red a t 120° C., and melt at 144° C. with 
decomposition. I t is readily soluble in hot benzene, ether, alcohol, or 
concentrated potassium hydroxide solution, but less so in ethyl acetate. 
It may be obtained from the /3-forai by boiling the latter with organic 
solvents. The a-form combines with alcohol to form an alcokolate, 
C10H19O2IHg.C2HcO, which crystallises from alcohol in glistening 
needles, turning red and melting at 123-5° C. It is reduced to trans-
terpineol by sodium amalgam, or by electrolysis. 

j8-Iodomercuri-trans-terpineol, M.pt. 38° C, separates from 
organic solvents as an oil. I t is very soluble in ether, ethyl acetate, 
alcohol, cold acetic acid, potassium hydroxide or iodide solution, with 
difficulty in cold benzene. I t is reduced to trans-terpineoi by sodium 
amalgam, and converted to the a-form by boiling with organic solvents. 
Since the a-form is readily converted into terpineol by mineral acids, 
it is probably the cis compound, whilst the /J-form, which is only slowly 
decomposed, is the trans form. 

a- and jS - Mercuridimethylheptanediol iodides,—Dimethyl -

1 Sand and Singer, Ber„ T902, 35, 3170 ; Annahn, 1903, 329, 166. 
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heptcnol, CMea=CH.CHa.CHa.CMea.OH, readily dissolves in aqueous 
mercuric acetate solution, and addition of alkaline potassium iodide 
solution precipitates izvo pairs of isomeric iodides. One pair of iodides 
are soluble in alkali hvdroxides, and have the constitution: HO.CMe2. 
CH(IlHl).CIIa.CII!e.CMe2.OIL The a-form is a solid, M.pt. 124° to 
325 C, and differs from the ft form in its solubility and stability towards 
acids. 

The second pair of iodides have the cyclic structure, 

l l a L C H - / >CMe2 

\ais—CH/ 
and are prepared as above, but with the addition of 30 per cent, potas
sium hydroxide before adding the potassium iodide. The a-form is 
a solid, M.pt. 108= to 110c €., whilst the fi-form separates as an oil, 
and may be separated from the a-form by treating the mixture with 
cold alcohol. The oil is insoluble in concentrated potassium hydroxide 
solution, soluble in alcohol or ether, and slowly changes to the a-form 
in the presence of alkali. 

When the alkaline filtrate from these cyclic iodides is treated 
with carbon dioxide, the unstable ji-mercuridimetkylkeptanediol iodide is 
precipitated as an oil. The latter when boiled or kept in the presence 
of alkali for some weeks changes to the stable a-modification, M.pt. 
324c to 125° C. 

AHylacetoxime.1—When allowed to react with mercuric acetate 
this compound yields an hydro-iso-oxazolc derivative, 

HgI.CH2.CH—< >UMe 
\ 0 — X ^ 

M.pt. 122° L\, which may be crystallised from alcohol. 
Methylheptenone oxime.—The products derived from this body 

depend on the conditions under which the reaction takes place. If 
the oxime be treated with mercuric acetate in presence of potassium 
bicarbonate and potassium iodide be added, a solid is obtained. This 
product when dissolved in methyl alcohol gives a precipitate with 
ether, which decomposes at 150° C. and probably has the constitution, 
(€aH14OXIHg)2Hgr2. The alcohol-ether mother-liquors contain a 
more soluble isomeride, M.pt. 114° C. The above preparation when 
carried out in acid solution gives a mixture of compounds which are 
separated by treatment with cold alcohol. The a-form is a white, 
crystalline substance, M.pt. 94° C, yielding a picrate, sintering at 
65° C, and melting at 78° to 80° C. The fi-form is an insoluble, 
yellow, crystalline body, M.pt. 123° C, and probably has the constitution, 

/CMe2—0 NI-Hgl 
HgI.CH< || 

xCH2~~CHa—C.Me 

If potassium bromide be used for precipitation instead of the iodide, 
a bromide, C8H14ONBrsHg2, M.pt. 123° O, is obtained; both the iodides 

J Sand and Singer, Annahn, 1903, 32% 166. 
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and bromide have half their mercury precipitated as metal, when treated 
with hydrazine in the presence of alkali. 

Ethylhexenol, CH2-CH.[CH2]2 .C.MeEtOH.1™This compound is 
dissolved in mercuric acetate solution and potassium iodide solution 
added, when an oil is precipitated; carbon dioxide is then passed in. 
Extraction with ether and evaporation of the solvent yields a crystalline 
compound, M.pt. 44° C , to which the following structure has been 
assigned :— 

CH2 C M e E \ 

CH 2 .CH(CH 2 .HgI ) / 

This appears to be a tetrahydrofurfuranc derivative, since it gives 
an oily iodide with iodine, an aldehyde when oxidised by chromic acid, 
and is found to be saturated when treated with potassium permanganate. 
The iodide is reconverted to ethylhexenol when acted upon by hydro
chloric acid. 

DERIVATIVES OF AZO COMPOUNDS. 

Mercuration of these compounds leads to dimercurated products if 
the ortho and para positions with respect to the amino or hydroxyl 
groups are available. No meta compounds are obtained. 

Hydroxymercuri- acetoxymercuri - benzeneazo- phenol anhy
dride,2 

/° C6H5N2.C6H2(Hg.OAc)< | 

Nag 
Mercuric acetate (32 grams) in 150 c.c. of water and 20 c.c. of acetic acid 
is added to 10 grams of benzeneazo-phenol in 300 c.c. of alcohol. The 
red mixture is heated on the water-bath for six hours. An orange 
precipitate is formed, filtered, washed with dilute hot acetic acid, water, 
and alcohol, and dried at 110° C. Acetic acid is lost during this process, 
and to obtain a uniform product the substance must be dried at 120° C. 
I t is purified by dissolving in 150 c.c. of glacial acetic acid and adding the 
solution to 400 c.c. of alcohol. The resulting product is washed with acetic 
acid—alcohol mixture and ether and dried a t 120° C. I t is the loss of acetic 
acid which accounts for the formation of an anhydride- A yellow-brown 
powder is finally isolated, which does not melt a t 300° C. I t is readily 
soluble in glacial acetic acid, insoluble in hot water, and sparingly soluble 
in alcohol, chloroform, ethyl acetate, benzene or nitrobenzene. When 
dissolved in 5 per cent, potassium hydroxide, and the hot filtered solu
tion treated with saturated sodium chloride solution, the dUMoromerevH 
compound is precipitated. The orange-red precipitate is washed with 
water and digested with hydrochloric acid, the colour changing to brick 
red. I t is filtered, washed with hot water and alcohol, and dried at 
110° C. I t forms a dull red, amorphous powder, which does not melt 
a t 300° C. and is insoluble in the usual solvents. The corresponding 
dibromide is a brownish-red powder, having similar properties to the 
dichloride. 

1 Sand and Singer, he dt. 
2 Smith and Mitchell, Trans. Ohem> Socr> 1908, 93, 847. 
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Diacetoxymercuri-2 : 4 :6-tr ibromobenzeneazo-phenol, CGII2 

Br3.Xa.C6Hs(Hjr.OAcM3.0II.—Six grains of niercurie acetate (2 mols.) 
are dissolved in 20 e.c. of water containing 1 c.c. of acetic acid 
and a solution of I grains {1 inoi.j of the hydroxyazo compound in 
200 c.c. of alcohol added. After six hours* heating on the water-bath 
the precipitate is filtered, washed with dilute acid, then water, and dried. 
It is purilied by recrystailisation from glacial acetic acid. It is a pale 
red, micro-crystalline powder, not melting below 300s C, and sparingly 
soluble in the usual solvents, with the exception of acetic acid. It loses 
acetic acid at 120" (J, 

Acetoxymercuri - benzeneazo - o - nitrophenol,CcII5.N2.C6H2 
(N02)<IIg.6Ae).OH, yields a pale yellow, crystalline powder, not melt
ing below 300" C. and insoluble in all solvents except acetic acid. The 
bromide is a pale yellow powder. 

Acetoxymercuri - benzeneazo - p - cresol,1 C<jII5.X2.C7H6(OH). 
IIg.Ox\c.~~Mercuric acetate in verv dilute acetic acid is boiled under 
reliux with alcoholic benzcneazo-p-cresol for seven hours. It is purified 
by fractional precipitation from its acetic acid solution by water, and 
recrystailisation from glacial acetic acid. I t crystallises in red-brown 
needles, M.pt. 209 to 270c C. with decomposition, and has similar 
solubilities to the abou* compounds. Its chloride melts with decom
position at 2K> to 21-8" C. Dimroth prepared these compounds from 
acetoxymereuri-p-cresol and benzene diazonium chloride.2 

8(?) - Acetoxymercuri - 2 - nitro - 4 - benzeneazo - a - naphthoic 
—A mixture of 1 gram of the azo-a-naphthol in 250 c.c. of boiling water 
containing 5 c.c, of glacial acetic acid and 2-5 grams of mercuric acetate 
in 5 c.c. of warm water is heated for six hours on the water-bath. The 
mixture is filtered hot, washed with alcohol, boiling water, and hot 
dilute acetic acid. It is a lustrous, reddish-brown, crystalline mass, 
blackening at 220" C, but not fusing at 270° C, practically insoluble in 
all solvents, 

8{?) - Acetoxymercuri - jS - benzeneazo - a - naphthol, CaII5. 
X2.C10U5(OII).Hg.OAe, is a brick-red powder, darkening at 180° C. 
and melting with decomposition at 20HC C. 

8(?) - Acetoxymercuri - 4 - nitro - 2 - benzeneazo - a - naph 
thol is a red substance having the appearance of amorphous phos
phorus, melts with decomposition at 221° to 222° C> and is practically 
insoluble in all solvents. 

Acetoxymercuri - bis - benzeneazo - a - naphthol, (C6H5.X2)2. 
C10II4(OH).H#.OAc, forms lustrous black needles with a bronze lustre. 

The following derivatives of azo dyes have been isolated:— 4 

Dihydroxymercuri-dihydroxyazobenzene sulphonic acid.—By 
the action of mercuric acetate on the mono-potassium salt of chrysoinc in 
hot water or alcoholic solution containing a little acetic acid. 

Dihydroxymercnri - j8 - naphthol-azobenzene sulphonic acid, 
by a similar method to the above, using *" Orange I I . " 

Mercuri-bls (hydroxymercuri - j8 - naphthol-azobenzene su l 
phonic acid), by heating tv Orange I I " in methyl alcohol containing 

* Smith and Mitchell, Tram. Ckem. JSoc., 1908,93,847; Dimroth, Btr., 1902,35, 2853. 
2 Dimroth's memoir aim* describes further reactions of benzene diazonium chloride 

with nwrcurated phenols and p-civsols. 
3 Mitchell and Smith, Tram. Ckem. &*., 1009, 95* 1430. 
4 JYuskouriakoff and Kaiziss, J. Atmr, Ckem. tfoc.t 1925, 47, 1974. 
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acetic acid with 2 equivalents of mercuric acetate. It is a red. amorphous 
powder. 

Dihydroxymercur i -hydroxyazobenzene sulphonic acid, brown
ish-red powder. 

Mercuri-bis (nitrobenzene-azosalicylic acid) is a light brown 
powder. 

Compounds formed by diazotising p-acetoxymcrcurianiline, and 
coupling it with various compounds:—•* 

4-Acetoxymercuri-4'-dimethylaminoazobenzene yields brick-
red crystals having a violet reiiex, M.pt. 215° C. With sulphuric acid it 
forms reddish-brown solutions having a green fluorescence, and with 
nitric and hydrochloric acids sparingly soluble salts arc formed. 

4-Acetoxymercur i -4 ' -d ie thylaminoazobenzene consists of flit
tering orange-brown plates, becoming red at 120' ('. and melting at 
151-5° to 156° C. (corr.). 

p-Acetoxymercuribenzeneazo-phenol, orange crystals, M.pt. 218° 
to 210° C. (corr.). 

p-Acetoxymercuribenzeneazo-resorcinol.—Dark brown powder, 
sintering at 160° C. and melting with decomposition at 190' to 105' C. 

4 - p - Acetoxymercuribenzeneazo - 1 - naphthyiamine - 5 - sul
phonic acid, brownish-black, micro-crystalline powder, decomposing 
at 280° C. 

5 - Acetoxymercuritoluene - 2 - azophenol is obtained from 5-
acetoxymercuri-o-toluidine, M.pt. 204*5° to 205° C. (corr,). 

DERIVATIVES OF HYDR0XYAZOBEXZEXES* 

Sodium - 3 - chloromercuri - 4 - hydroxy - azobenzene - 4' -
sulphonate is formed by diazotising sulphanilic acid and adding the 
diazotised solution to a cold solution of o-chloromereuriphenol in sodium 
hydroxide. The coupling requires about four hours for completion. 
The mixture is then acidified with acetic acid, when the sodium salt of 
the azo compound separates as a heavy, orange-yellow precipitate. The 
product is recrystallised from hot water, air-dried, and then dried in a 
vacuum dryer at 50° C. Since the C—Hg linkage is easily split it is 
impossible "to obtain the free acid. The reaction is represented as 
follows :— 

H O - / >̂ -f C1N2</ ^>-SOsH + 2NaOH 

HgCl 
= HG<( Y - N - N-<^ y~~SOs^ + NaCl -f Ha0 

HgCl 

In a similar manner o-chloromercuriphenol has been coupled with 
the following diazotised aromatic acids:— 

1 Jacobs and Hei&elberger* J. Biol. Chem., 1915, 2a, 513. 
2 Whitmoie, Hanson, and Leuek, J". Aimr. Gh®m. Soc,, 1026, 48, 1013. 
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fwino Acid. ' Product. Colour. 

i Metamhe . , . i <. r 

, x- i 4.1 • • >i Sodium sf 
Nnphthiome 

; Anthranilic 
\ m-Ammohemoic 
\ p-Aniinobenzoie 

Yellow. 
Orange. 
Red. 

Free acid . <l Red. 
j [_ Red-yellow. 

Sodium anhydro - 2 - hydroxy - 3 - hydroxymercuri - 5 -
methyl - azobenzene - 4' - sulphonate.— In this case 2 : 6-diacetoxy-
mercun-p-eresol. in sodium hydroxide solution, is added to the diazo
tized sulphanilic acid. The mixture is stirred for ten hours and cooled 
in ice during this period. Acidification with acetic acid precipitates 
the slightly soluble, yellow sodium salt. I t is purified by crystallisa
tion from water. Strong acids remove the mercury completely, so that 
the free acid cannot be obtained, and attempts to prepare the chloride 
have been unsuccessful. The reaction is represented as follows :— 

/ y~Hg.OA<* -f CIX,-^ >~SOsH -f- 4NaOH 

f I 
Hg OH 

,X ^ N~C N-SOJHa 

H K - O 

3* 

+ Nad -f HgO -f- 2NaOAc + SH20 

Anhydro - 2 - hydroxy - 3 - hydroxymercuri - 5 - methyl-
azobenzene - 2' - carboxylic acid is prepared using anthranilic 
instead of sulphanilic acid. The free acid is deep red, but no method is 
available for its purification, owing to its insolubility in all except basic 
solvents. The puresf product is obtained when exact quantities of 
carefully purilied anthranilic acid and mercurated cresol are used. 

In a similar manner, anhydro-2-hydroxy-3-hydroxymercur i -5-
methyl-azobenzene-4'-carboxylic acid is prepared, and its pro
perties are very like those of its isomer. 

DERIVATIVES OF METHYLENE BLUE.1 

The work done on this compound, which presents numerous diffi
culties, is admitted by Chalkley to be very incomplete. To obtain 
complete mensuration, a large excess of mercuric acetate has to be 
used. With three molecular equivalents of the latter, benzoyl-leuco-
methylene blue yields an acetoxymercuri compound in the form of a 
white powder, which gives a yellow sulphide with hydrogen sulphide. 
Methylene blue acetate heated with 15 mols. of mercuric acetate in 
aqueous solution in the presence of acetic acid gives two organic mercury 

1 Chalkley, J. Amer. Ohem. Mac., 1025, 4% 2055; see Kharasch and Piccard, ibid.' 
~.. 8or.r 1920, 42, lav. 
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compounds, L, II., the former readily going into colloidal suspension, 
and consequently is difficult to handle.1 

Me2N
 v XS' N ' NMe2/ Me2rr V y S ' A NMe2 ci lz V ' 

( I ) 

DERIVATIVES OF PHTHALEINS* 

H y d r o x y m e r c u r i phenolphthalein.—To a solution of 3 grams 
of phenolphthalein in 25 c.c. Normal sodium hydroxide, about 125 c.c. of 
water are added and the solution boiled with 8 grams of yellow mercuric 
oxide for three hours. The mixture is then allowed to settle, the liquor 
poured off and centrifuged to remove traces of sediment. Carbon 
dioxide is passed in, and the mercurated product separates as a purplish, 
milky precipitate, which is separated by centrifuging. I t is washed 
with alcohol and dried at 110° C. I t is insoluble in all the usual solvents, 
except glacial acetic acid, in which it gives turbid solutions. I t cannot 
be crystallised, and gives the same colour with alkali as phenolphthalein. 

T r i ace toxymercu r i phenolphthalein.—Three grams of phenol
phthalein in 50 c.c. of alcohol are mixed with a filtered solution from 
25 grams of mercuric acetate in 50 c.c. of water and 50 c.c. of glacial 
acetic acid. After standing overnight, any mercurous acetate is 
removed, and the liquid heated on the water-bath for three hours. 
After twenty-four hours the residue is remo\Ted and washed with 
alcohol, then with water containing a little acetic acid, and finally 
with water. The crystals are dried in the air for several days, then 
heated for one hour at 100° C. I t forms bladed crystals, insoluble in 
the usual solvents, dissolving in sodium hydroxide with the production 
of a deep-blue colour. 

Trihydroxymercuri phenolsulphone-phthalein is prepared 
in a similar manner to hydroxymercuri phenolphthalein. I t is a 
purplish powder having a bronze lustre. When mercuric acetate reacts 
with phenolsulphone phthalein in acetic acid solution, a mixture of 
hydroxymercuri and acetoxymereuri derivatives is produced. 

Diacetoxymercuri-G-cresolphthalein is prepared in the usual 
manner, more mercurous acetate being formed than with the previous 
derivatives. I t is a yellow, granular substance, which cannot be re-
crystallised. 

H y d r o x y m e r c u r i and d ihydroxymercu r i fluorescein.—Fluores
cein, 3-5 grams, in 200 c.c. of one-tenth Normal sodium hydroxide is 
treated with 5 grams of mercuric oxide, and the mixture boiled for four 
hours, water being added to replace that lost by evaporation. I t is 
then clarified by centrifuging, and evaporated to dryness, an iridescent, 
green, scaly product being obtained. This is the monomereurated 
product. The dihydrowymercuri compound is formed when 10 grams 

1 Compounds of the acridine series are dealt with in American Patent, 1259517, and 
those of the safranine series in German Patent, 286097. 

2 White, J. Amsr. Ch&m, Sac, 1920, 42, 2355; German Patent, S0S335. 
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of mercuric oxide are used in the above preparation. Treatment with 
hydrochloric acid yields vhhroinaruri derivatives. 

The mercuration of fluorescein by mercuric acetate in acetic acid 
solution leads to the production of a mixture of tetrahijdnuijmercuri 
and Uim-aceiojymvrcuri fluorescein, the latter predominating. No 
at tempt seems to have been made to separate these products. 

Hydroxyrnercuri-dibromorluorescein.—-Uibromofluorescein (-£9 
grams) and H grams of sodium hydroxide are dissolved in 50 c.c. of 
water and the solution made up to 200 c.c. This is stirred and treated 
with 12-5 c.c. of glacial acetic acid until an even pasty precipitate 
is formed. A solution prepared from 22*5 grams of mercuric oxide 
in 25 c.c. of glacial acetic acid and 50 c.c. of water is diluted to 100 
c .c , and added to the former solution, the whole being diluted to 
500 c.c. The mixture is boiled 4-5 to 6 hours, a quantitative yield 
being obtained. The precipitate is collected and washed by centri
fugal^, a red powder being isolated, which is insoluble in the usual 
solvents, hut gives a deep cherry-red solution in sodium hydroxide,1 

Hydroxymercur i - sa l i cy l su lphone-ph tha le in . 2 —Salicykulphone-
phfhalein (salicy! red; is dissolved in suilicient Normal sodium hydroxide 
to form the di-sodium salt, then treated with a solution of mercuric 
acetate containing a few drops of acetic acid, and the mixture boiled 
until a iest gives no reaction with ammonium sulphide. It is then 
filtered and poured into dilute hydrochloric acid. The mercurated 
product separates as a brown powder. 

CXCLOMERCrRFPOLYMETEYLEXES* 

Cyclomercur i pen tamethylene , 

IIg< >CIL» or Ifg< >IIg 
X , I I 9 . C H a

/ \ C I I 2 ) / 

A mixture of 30 grams of 1 ;5-dibromopcntane, 100 grams of benzene, 
% irrams of ethyl acetate, and 900 grams of 1 per cent, sodium amalgam 
is shaken for twenty-four hours in-a pressure flask at 75° C. The solvent 
layer is washed, evaporated, and the residue extracted with absolute 
alcohol, from which 23 grams of waxy product are obtained. This 
is extracted with light petroleum and ether, $-5 grams of solid, M.pt. 
41^ €., remaining behind. Evaporation of the extract gives 2*5 grams 
of crystals, M.pt. 120° C, which are separated from an oil. 

Cyclomercuri pentamethylene, M.pt. 120° C , forms hard, white, 
rhombic, doubly refracting crystals from a mixture of benzene-light 
petroleum. I t is readily soluble in cold ether, light petroleum, or 
benzene, with difficulty in water. Its molecular weight as determined 
by the ehullioscopic method is about 360 (270 calc), and this appears 
to correspond to a simple ring. v. Braun, however, points out t ha t a 
comparison of the boiling-points of the pentamethylene series of com-

1 German Patent, 201903, deals with a process for preparing mercurated salts of 
flu orescein, see Dimroth, Bar., 1902, 35» 2853. The products obtained may be used directly 
for dyeing. The dyestufts dye cottoa in the following manner: Chromium mordant— 
brown red; iron mordant—reddish brown; uranium mordant—red; nickel and cobalt 
mordant—red; alkaline earth mordant—red; cerium mordant—light red. 

2 Harden, J. Amer. Chem. Soc., 1927, 49, 3141. 
8 v, Braim, j&r., 1913, 46, 1792; 1914, 47, 490; Hilpert and Griittner, Ber., 1914, 47, 

180, 177. 
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pounds, (CH2)5>R, with those of the series Et—R—Et, where R may 
be 0, CII2, NH2S, or Hg, indicates that cyclomercuri-pentamethylenc 
should have a boiling-point of about 210" C.; that it should distil 
without decomposition under diminished pressure, and probably with
out decomposition under ordinary pressure. He therefore considers the 
product, M.pt. 120° C , to be a polymeride of the true compound. The 
following is the list of compounds upon which the argument is based:— 

E t - O - E t , B.pt. 35° C. (CH a)5>0, B.pt. 88° C. 
E t - C H a - E t , B.pt. 36° C. (CH2)5>CH2, B.pt. 80° C. 
E t - N H - E t , B.pt. 55° C. (CH2)5>XH, B.pt. 105° C. 
E t - S - E t , B.pt. 92° C. (CH2)5>S, B.pt. 1*1° C. 
E t - I I g - E t , B.pt. 159° C. (CH2)5>Hg, B.pt. 210° C. (about). 

The compound, M.pt. 41° C.} probably a polymer, may be recrys-
tallised from much ether, and obtained as a white powder. I ts mole
cular weight is four times that of the compound, M.pt. 120" C . and 
the oil obtained has six times the molecular weight of the latter. 

All these compounds give the same products when treated with 
bromine, iodine, or mercuric halides. With iodine in benzene solution 
theoretical yields of pentamethylene-dimercuri-ioclide and cli-iodo-
pentane are obtained. 

Pen tamethy lene-1 : 5 -d i rne rcur i -d ib romide , C5H10Hg2Br2.— 
The Grignard solution from 20 grams of 1: 5-dibromopentane, 4-1 grams 
of magnesium, and a trace of iodine, after standing for twelve hours is 
warmed on the water-bath, and treated with 66 grams of mercuric 
bromide in ether, in 5-gram portions. The mixture is then boiled 
for an hour and decomposed by 1 per cent, hydrochloric acid. The 
ether is removed at 60° C , and the product again treated with 1 per 
cent, hydrochloric acid at 60° C. I t is filtered hot, washed with cold 
water, then with alcohol. The residue is added in small portions to 
500 grams of boiling water, digested for fifteen minutes, filtered boiling 
hot, washed with cold water, alcohol, and ether, and dried at 100° C. 
Yield of crude product, 49 grams or 8-94 per cent. I t crystallises from 
toluene in doubly refracting needles, M.pt. 150° C , very soluble in 
pyridine, aniline, or dimethylaniline in the cold, and may be precipitated 
by the addition of light petroleum. I t is less soluble in hot alcohol, 
acetone, boiling toluene or xylene, and with difficulty in hot water, 
hot carbon tetrachloride, ether, or petroleum ether. When boiled for 
one hour with alcoholic potassium iodide it yields the di-iodide, sintering 
a t 115° C. and melting at 117° C, I t crystallises best from alcohol-
benzene, and is less soluble than the dibromide. Prolonged boiling in 
benzene solution gives mercuric iodide and di-iodopentane. Hydrogen 
sulphide precipitates a quantitative yield of the sulphide from a 
pyridine solution of the dibromide. I t is a snow-white, insoluble, 
odourless powder, having the constitution (L). By passing acetylene 
into a solution of the pure dinitrate in alcoholic ammonia, for one hour 
at 0° C , an acetylide (II.) is formed. I t is a white powder, which takes 
fire on heating, is insoluble in the usual organic solvents, and heated 
in benzene yields mercuric iodide and di-iodopentane. 

CH2/ * \CH2 GHZ > H 2 
H g . S . H g ^ X Hg.C : CSeT 

I. II* 
VOL. x i . : I. !4 
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The dihydroxide crystallises in hair-fine, white needles, and is isolated 
by boiling the bromide with silver oxide in 80 per cent, alcoliol for 
twenty hours. Treatment of the hydroxide in 50 per cent, alcohol 
with sulphuric acid precipitates the sulphate as microscopic white 
needles, suddenly blackening above 150c C. The dibromide with silver 
nitrate gives the diniirate, from which the dichloride is prepared. It 
crystallises in white needles, M.pt. 184° C. The following compounds 
are also mentioned: oxalate, succinate, ferrocyanide, white precipitates, 
and the azelate, white scales. 

Pentamethylene - 1 : 5 - dimercuridiphenyl, C6H5.Hg.(CH2)5-
Hg.€6Hs.—This remarkable compound is prepared by treating magnes
ium phenyl bromide (4 times the calculated amount) with dry, powdered 
pentamethylene-1:5-dimercurie dibromide in small portions. The 
reaction is completed by boiling for one hour on the water-bath. The 
mixture is decomposed by dilute sulphuric acid, and worked up in the 
usual manner. 

It is a colourless, viscous oil, decomposing when heated in vacuo at 
180° C. It quickly decolorises a solution of iodine in benzene, with 
formation of the above di-iodide, and prolonged boiling with an excess 
of the iodine solution gives mercuric iodide, 1:5-di-iodopentane and 
iodobenzene. 

It will be seen from the above reactions that the mercury atoms in 
these compounds are very firmly attached, whilst the halogen atoms are 
very reactive. 

DERIVATIVES OF THE PYRAZOLONE GMQUP.1 

When the phenyl-5-pyrazolones are treated with mercuric acetate in 
alcoholic solution, four aeetoxymercuri groups are introduced into the 
molecule, together with a methoxy group. If, however, the hydrogen 
in the 4-position be substituted by halogen or methyl groups, mereura-
tion only takes place at 160° C. 

3 : 4 - Diacetoxymercuri - 4 - methoxy - 1 - diacetoxymercuri-
phenyl - 2 : 3 - dimethyl - 5 - pyrazolone, 

yCO—C(OMe).Hg.OAc 
C«H8(Hg.0Ac)*.X< | 

NNMe.CMe.Hg.OAc 

One gram of phenyldimethylpyrazolone (1 mol.) is dissolved in 5 c.c. 
of methyl alcohol and 7*28 grams of mercuric acetate (4 mols.) in 
45 c.c. of methyl alcohol poured in. The temperature is maintained at 
60° C. and rhombic plates begin to separate in fifteen minutes, and after 
about two hours the product" is filtered off. I t is washed several times 
with warm methyl alcohol, faintly acidified with acetic acid, then dried in 
vacuo over sulphuric acid. Yield 6-5 grams, 97-4 per cent. The sub
stance sinters between 200° and 205° C, then decomposes with gas evolu
tion. It is insoluble in most organic solvents, somewhat soluble in hot 
methyl or ethyl alcohol, especially if these contain a trace of acetic acid5 
and easily soluble in water faintly acidified with acetic acid. I t is also 
soluble in ammonium hydroxide and amine bases such as ethylene-
diamine. Ammonium sulphide removes the mercury in the 4-position. 

3 Schrauth and Bauerschmidt, Ber., 1914, 47, 2736; see also, Paderi, Ghem. Zentr, 
1919, m. 226; OHveri-Mandala, Gazzeita, 1921, 51, i. 125. 
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This is probably due to the adjacent carbonyl group, since it is also 
removed by dilute hydrochloric acid when 3~chloromercur i -4-meth-
oxy - 1 - d ichloromercuriphenyl - 2 : 3 - d imethyl - 5 - pyrazo
lone is produced. 

/CO—CH.OMe 
CeH,(HgCI)2.N< | 

xNMe.CMe.HgCl 

The latter is prepared by suspending 2 grams of powdered tetra-aeetoxy-
mercuri compound in about 40 c.c. of a quarter Normal hydrochloric 
acid, and shaking on a machine for twelve hours. I t is filtered and 
washed free from chloride and dried hi vacuo over phosphorus pentoxide 
at 100° C. The substance is a micro-crystalline powder, slightly soluble 
in acetone, but insoluble in all other solvents. I t does not melt, and is 
not immediately blackened by ammonium sulphide. 

3 : 4 - Diacetoxymercur i - 4 - ethoxy - 1 - d iace toxymercur i -
pheny l -2 :3 -d imethy l -5 -pyrazo lone is prepared in a similar 
manner to the 4-methoxy compound, but the methyl alcohol in the 
latter preparation is now replaced by ethyl alcohol. Yield 90*6 per 
cent. I t forms small, colourless needles which crystallise with 1 mol. 
of water, which may be removed by heating in vacuo over phosphorus 
pentoxide at 110° C. I t has similar solubilities to the methoxy com
pound, and hydrochloric acid removes the mercury in the 4-position. 

3 : 4 - Diacetoxymercur i ~ 4 - methoxy - 1 - d iacetoxymercur i" 
phenyl - 3 - methyl - 2 - ethyl - 5 - pyrazolone, 

/CO—C(OMe).Hg.OAc 
C6H3(Hg.OAc)2.N<( | 

\NEt.CMe.Hg.OAc 

One gram of phenylethylmethylpyrazolone in a little methyl alcohol is 
treated with a solution of 7 grams of 90 per cent, mercuric acetate 
(4 mols.) in 50 c.c. of methyl alcohol. The mixture is maintained at 
00° C. and crystals separate in twenty-five minutes, are filtered after two 
hours, washed with acidified methyl alcohol, and dried. Yield 6-1 grams, 
90 per cent. The substance has similar solubilities to the above 4-
methoxy compound and decomposes above 200° C. I t crystallises in 
prismatic needles, from which the mercury in the 4-position is removed 
by hydrochloric acid in the usual way, 3-Chloromercuri-4-methoxy-
l-dichloromercuriphenyl-3-methyl-2-ethyl-5-pyrazolone being 
obtained, which has the structure: 

,CO—CH.OMe 
C6H8(HgCl)2.N< | 

NsfEt.CMe.HgCl 

In a similar manner l-p-tolyl-2:3-dimethyl-5-pyrazolone and l-o-
tolyl-3~methyl-2-ethyl-5-pyrazolone in methyl alcohol solution are 
converted into 3 :4-diacet0xymercuri-4-methoxy-l«[diacetoxy-
mercuri-p-tolyl] 2 : 3-dimethyl-5-pyrazoIone and the correspond
ing 3 :4-diacetoxymercuri-4-methoxy- l -[diacetoxymercuri-o-
tolyl]-3-methyl-2-ethylpyrazolone, both of which lose mercury 
from the 4-position by the action of hydrochloric acid, yielding trichl&rQ-
mereuri derivatives. 

file:///NEt.CMe.Hg.OAc
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3 : 4 - Diacetoxymercuri - 4 - methoxy - I - acetoxymercuri-
phenyl - 3 - methyl - 5 - pyrazolone, 

CO— C(OMe).Hg.OAc 

NXU—CMc.H/y.OAc 

A GO per cent, yield is obtained by carrying out the mercuration in the 
usual manner, but no heating is necessary, the reaction being complete 
in several liours at room temperature. From the mother-liquor a 
further quantity may he obtained, raising the yield to 90 per cent. The 
crystals melt at 107' C. with decomposition, and contain 1 mol. of 
water of crystallisation., which may be removed by heating in vacuo 
over phosphorus pentoxide at 138° C. The mercury in the -imposition 
is removed by ammonium sulphide or hydrochloric acid, a dichloro-
mereuri compound being obtained which is somewhat soluble in acetone. 

If, however, l-phenyl-3-methyl-5-pyrazoIone be mercurated in 
boiling methyl alcohol solution for three"hours, 3-diacetoxymercuri-
4-methoxy-l-diacetoxymercuriphenyl-3-methyl-5-pyrazoIone is 
formed : 

,C0—C(OMe).Hg.0Ac 
C6H3(Hg.OAc)2.X< | 

\XH~-CMe.Hg.OAc 

It is a crystalline product, decomposing at 225° C, sparingly soluble or 
insoluble in the usual solvents. 

4-Bromo-4-hydroxy-3-acetoxymercur i - l - t r iacetoxymercur i -
phenyl-2 :3-dimethyl-5-pyrazolone, 

CO CBr.OH 
CeHa(Hg.OAc)s.N< ! 

\XMe—CMe.Hff.OAc "-e>* 

Two grams of 4-bromo-l-phenyl-2 : 3-dimethyl-5-pyrazolon.e (1 mol) 
and 10*5 grams of mercuric acetate (4 mols., 90 percent.) are heated 
for thirty minutes in an oil-bath at 160° C. The melt is cooled, ex
tracted with alcohol, the solution boiled with charcoal, filtered, and 
treated with ether. The white precipitate is filtered, washed with ether, 
and dried. It is a hygroscopic substance, readily soluble in cold water, 
less soluble in methyl or ethyl alcohol faintly acidified with acetic acid. 
It decomposes with gas evolution at 225°* C, and is unaffected by 
ammonium sulphide unless boiled. From its aqueous solution sodium 
chloride precipitates an insoluble chloride, and sodium hydroxide the 
corresponding hydroxide. 

4 - Hydroxy - 3 - acetoxymercuri - 1 - triacetoxyrnercuri -
phenyl - 2 : 3 : 4 - trimetfayl - 5 - pyrazolone, 

XO—CMe.OH 
C6H2(Hg.OAc)3.X< | 

^NMe.CMe.Hg.OAc 

This is formed from l-phenyI-2:3; 4-trimethyl-5-pyrazolone in the same 
manner as the preceding compound. I t melts at 237° C. (corr.) with 
strong decomposition, and has similar properties to the bromo deri
vative. When treated with hydrochloric acid it yields 4-hydroxy-

file:///XH~-CMe.Hg.OAc
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3-chIo ro rne rcur i - l - t r i ch lo romercur ipheny l -2 : 3 : 4 - t r i m e t h y I - 5 -
pyrazolone, which decomposes at about 2*5J C. 

4 - Acetoxymercur i -3-d iace toxymercur iphenyl -5-pyrazolone» 
C(OII).C.Hg.OAc 

N H \ \ \ 

\ > C — C.CGH3(Kg.OAc)2 
The reaction between 3-methyl-5-pyrazolone (1 mol.) and mercuric 
acetate (3 mols.) takes place when the two are boiled for three hours 
in methyl alcohol solution. The effect of the possibility of cnolisa-
tion is marked by the absence of any methoxy group in the product. In 
methyl or ethyl alcohol strongly acidified with acetic acid it is only 
soluble with difficulty, and from these solvents it crystallises in colour
less needles, which decompose about 250° C. Treated with hydro
chloric acid, it is converted into a dichloromercuri compound, decompos
ing near 210° C. With ammonium sulphide, these two compounds do not 
blacken immediately. 

5 -Chloro-4-ace toxymercur i - l -pheny l -3 -methy lpyrazo lo i i e , 

-C.IIir.0Ac 

XPK 

CMe 
This compound is prepared as the preceding one, from 5-chloro-l-
phenyl-3-methylpyrazole. I t melts at 123° C.s is readily soluble in 
water, alcohol, and all the usual solvents. I t is unaffected by cold 
ammonium sulphide, but with hydrochloric acid yields a dichloro
mercuri compound, needles, IVI.pt. 165° C. 

DERIVATIVES OF PYRIDINE J-

Pyridine and mercuric acetate when heated at 175° to ]<S0C C. for 2*5 
hours, and the reaction mixture diluted with 5 to 6 volumes of water, 
followed by the addition of sodium chloride give 3 :5 -d ich lo romercur i 
pyr idine (I.) as a pale brown, amorphous, odourless powder, decompos
ing at 220° C. Bromine in sodium bromide solution converts it into 3 :5 -
dibromopyridine. The mother-liquors from the dichloromercuri com
pound yield 3-iodomercuri pyridine (II.) when treated with sodium 
iodide. The product is a yellow, amorphous powder, M.pt. 68° to (ji)J C , 
which forms 3-bromopyridine with bromine in sodium bromide. 

ClHg^HgCl j ^ \ H g I 

i I v \/ 
N N 
i. ii. 

DERIVATIVES OF FURANE AND PYRROLE. 

Tetra-acetoxymercuri-furane2 is formed when mercuric acetate 
reacts with furane. I t decomposes at 226° to 228° C. and is converted 
by potassium hydroxide into the teirahydrowy-compound, decomposing 

1 Sachs md Eberharfcinger, Ber., 1823, 56* [B], 2223. 
a ansa aad Gritto, Gazzetta, 1927, 57, 322. 

-C.IIir.0Ac
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at 210" C. The latter with sodium chloride gives ietrachloromercuri-
furane, decomposing at 235" C, iodine transforming this into tetra-iodo-
furane. A monoacetoxymereuri-furane has been reported, but its 
existence seems doubtful. 

Pyrrole likewise forms tetrachloro and iclra-aceioxy derivatives, the 
former yielding tetra-iodopyrrole when treated with iodine in potassium 
iodide. 

mm VAT I YES OF THE INDOLE SERIES.1 

3-Acetoxymercuri-2-methyl- l-phthalyl- indole, 

/ ^ C.Hg.OAc 

vvbc 

N.C0.C6H4.C02H 
Methylphthalylindole (1-i parts) is dissolved in 30 pails of hot alcohol, 
and mixed with a solution of 1-0 parts of mercuric acetate in 10 parts 
of alcohol. The product separates immediately as a pale reddish 
precipitate. After cooling, it is filtered and washed with alcohol and 
ether. It is insoluble in the usual solvents, and when heated with 
mineral acids methylphthalylindole is formed. 

3-Acetoxymercuri-l-methylitidole.—To a solution of 3*8 parts 
of mercuric acetate in 20 parts of methyl alcohol, a methyl alcohol 
.solution of 1-3 parts of N-methylindole is added. The compound 
separates as a white, crystalline mass, which is washed with methyl 
alcohol and ether. I t is readily soluble in hot alcohol, benzene, or 
acetone, crystallising in line needles as the solutions cool. I t is decom
posed by heating with dilute mineral acids. 

3-Hydroxymercuri-2-carboxy-l -methylindole is prepared from 
N-methylindole carboxylic acid in the usual manner. I t is insoluble 
in the usual organic solvents, but dissolves readily in alkalies. Hot 
dilute mineral acids split off the mercury. 

3-Hydroxymercuri-2-anisylindole, 

j ^ , jCHgOH 

Nil 

Anisylindole (1*1 parts) in 100 parts of hot alcohol is mixed with 
1-8 parts of mercuric acetate in 10 parts of alcohol. A turbidity appears, 
and the mixture is warmed for a short time on the water-bath, when 
the product separates as a brown precipitate. It has similar properties 
to the preceding compounds. 

A product has also been isolated from 2-inethyl indole (methylketole) 
as a pale yellow precipitate, resembling the other indole derivatives. 
Treatment of its aqueous suspension with hydrogen sulphide immedi
ately given black mercuric sulphide. 

DERIVATIVES OE QUINOLINE* 

Hydroxymercuri - 2 - hydroxyquinoline - 8 - carboxylic acid.— 
The acid (20*6 parts) is suspended in about 1000 parts of water, and the 
mercuric oxide from 13-5 parts of mercuric chloride stirred in. The 

1 German Patent, 230893. * German Patent, 289246. 
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mass is boiled until a portion no longer gives a precipitate of mercuric 
oxide when treated with sodium hydroxide. The compound is isolated 
as a dark yellow, water-insoluble precipitate. The acid is insoluble 
in alcohol, ether, and benzene, and after warming with hydrochloric 
acid, ammonium sulphide precipitates mercuric sulphide. 

Hydroxymercur i~8-hydroxyquinol ine-5-su lphonic acid is pre
pared in a similar manner. The free acid is bright yellow, sparingly 
soluble in water and insoluble in alcohol, ether, or benzene. 

Hydroxymercur i -2-phenylquinoI ine-4-carboxyI ic acid.—Ten 
grams of the acid are mixed with 13*3 grams of mercuric acetate in 
aqueous solution, and the whole heated until a clear solution is obtained 
with sodium hydroxide. The product is then filtered, washed with water 
and dissolved in very dilute sodium hydroxide, excess being avoided, 
and the solution treated with alcohol. The sodium salt is precipi
tated, and has a similar solubility to the preceding compound. The 
preparation may also be carried out using mercuric oxide in place of 
acetate. 

Using the above methods, compounds have also been obtained from 
quinoline-8-sulphonic acid and 8-hydroxyquinoline. 

DERIVATIVES OF DI3YDH0BENZ0IVRANE&'.* 

The addition of mercuric salts to o-allylphenols leads to the pro
duction of a series of mercurated dihydrobenzofuranes of the general 
formula: 

/ X / C H 2 , 

X/x ^CH.CHa.HgX 

In comparison with other mercury salt - olefine compounds, these 
bodies are very stable towards acids. They yield compounds of the 
type R2Hg when reduced by sodium amalgam, and the corresponding 
iodide when treated with potassium iodide. No reasonable molecular 
formula has been devised for these compounds, which completely fits 
in with the facts, so that they are at present merely written as -additive 
formulas. 

1-Acetoxymercurimethyl- l : 2-dihydrobetizofurane, 

C6H4< >CH.CH2.HgOAc 
V _ _ 0 — / 

This is prepared by suspending o-allylphenol in water, and adding 
an aqueous solution of mercuric acetate. I t crystallises in colourless 
plates, M.pt. 80° to 81° C. The corresponding chloride may be obtained 
by adding sodium chloride to the above compound or by replacing the 
mercuric acetate by mercuric chloride. I t melts at 137° C. The 
bromide crystallises in lustrous crystals, M.pt. 122° C , and the iodide 
in colourless plates, M.pt. 114° to 115*5° C. 

1 Since it has not been definitely deoided whether these compounds are " molecular " 
substances or merely additioa compounds, only general directions hare been given for 
their preparation, fividence at present points to the latter type. Adams, Roman, and 
Sperry, / . Amer. GMm. Soct 1922, 44, 1781; Mills and Adams, ibid., 1&23, 45> 1&*2-
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1 : i - S u l p h a t o - mercur id imethy lene-b i s - l : 2-dihydrobenzo-
furane, 

/ CH„ \ 

\ -—Q-S I 

o-AIIvIphc-noI is rarefuiiv added to a solution of mercuric oxide in dilute 
sulphuric acid. The product melts at 123° C. with decomposition. 

1 : i~Mercuridirnethylene~bis~l : 2-dihydrobenzofurane, 

k\u/ 2 XII.CHJ Kg 

This is obtained in colourless crystals, M.pt. 93* C, when 1-ehloroniethyl-
] ; 2-dihydrobeirzofurane is reduced by sodium amalgam in ethyl alcohol 
solution. 

The following is given as a general method of preparation of sub
stituted 1-mereuriniethyl-I : 2-dihydrobenzofuranes. Ten grams of a 
substituted o-allylphcnol are slowly added to an aqueous solution con
taining one molecular equivalent of mercuric acetate or chloride. With 
the latter, a saturated solution is used, and the phenol slowly added 
until a floeculent precipitate is obtained, the operation lasting one hour. 
The stirring is maintained until the oil solidifies. With mercuric 
acetate, about 10 grams of salt are used with each 100 c.c. of water. 

The following mereurated 1:2-dihydrobenzofuranes have been pre
pared by the addition of mercuric salts to o-allylphenols : 1-Acetoxij-
memmmeihijl-$-methyl-< M.pt. 113 ̂  C.; l-chloromercurimethyl-6-methyl-, 
M.pt. 91° C.; l-accioxymercurimeihyl-o-meihyl-, oil ; l-chloromercuri-
7nethyl~5-?ncthyl-« M.pt. 127-5° C. ; l-acetoxymercurimethyl-^-metliyl-, oil ; 
l-ehloromercurimeihyl-i-methijl-, M.pt. 09-5° C. ; \-aceioxymercuri-
mcthyl-%-bromo~, oil; l-cMoromercurimeihyl-^-brmno-, M.pt. 108° C.; 
l-chloromcrcurimetkyl-(>-carboxif-9 M.pt. 200° C. with decomposition; 
X<Mor<t7nercurimethyl-G-carbometkotTy-9 M.pt. 107° C. with decomposition; 
l-ehhrQviercumnethyl-^'Carboxy-, M.pt. 212° to 213° C. with decom
position; l-ckhromercurimetJiyl-4-carbo£yvinyhne-9 IVl.pt. 300° C. with 
decomposition. 

The following is a general method for conversion of 1-chloromereuri-
or 1-acetoxymcrcurimethyl-l; 2-dihydro-benzofuranes into the corre
sponding bromides and iodides; A solution of 5 grams of the chloro or 
ncetoxymcreuri compound in absolute alcohol is mixed with a boiling 
solution of alcohol containing one molecular equivalent of the potassium 
halide. The compound separates on cooling, is washed and crystallised 
from alcohol. The following mereurated 1:2-dihydrobenzofuranes are 
thus obtained : l-Iodomercuriniethyl-Q-methyl-, M.pt. 88° C.; \4odo-
mermrimethyl-5-mcthyl-% M.pt. 131-5° C ; l-iodomercwimethyl-4<-methyl-, 
M.pt. 94° C.; l-bromomercurimethyI~4-bromQ~, M.pt. 93° C. ; 1-iodo-
mercurimethyl-l-bromo-, M.pt. 101° C. 

1-IIydroxymercurimethyl-l; 2-dihydrobenzofuranes are obtained by 
treating 10 grams of the corresponding chloro compounds with one mole
cular equivalent of sodium hydroxide in 50 c.c. of warm absolute alcohol. 
The products are recrystallised from 95 per cent, alcohol. The following 
are recorded: l-Eydroxymercurinieihyl-, M.pt. 152° C.; 1-hydroxy-

file:///-aceioxymercuri-
IVl.pt
file:///4odo-
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mvrcurimethyl-Q-methyl-, thick oil; 1-hydroj umercurimeiltyl-^-methyl-, 
M.pt. M0° C. 

When the above compounds are dissolved in hot alcohol, diluted with 
hot water, and a hot aqueous alcoholic solution of the requisite acid added, 
the following compounds are obtained: \-Tartraht-di-mereurimcihyl-, 
M.pt. 102° C. with decomposition; l-oaalato-di-mereurimtihyl-, 3Lpt. 
175° C. ; l-2)'nitrobenzatomercurimefhyl-t M.pt. MH~ C.; l-p-niiro-
benzatomercurimethyl'-G-methyl-, M.pt. 102*5" C.; I-p-uiirohenzafo-
mercurimethyl-k-metkyl-i M.pt. 130-5° C. 

1-Chloromercurimethyl-l: 2-dihydrobenzofuranes, when added to satu
rated solutions of potassium cyanide or thiocyanate in absolute alcohol, 
yields: 1-T'hiocyanaiomercurimethyl-, M.pt. 112-5° C.; 1-cyanomercuri-
•methyl-, M.pt. 162° C.; l-thiocyanatomercurimcihyl'X-meihyl-, M.pt. 
102-5° C. ; 1-cyayiomercurim ethyl-^-methyl-, M.pt. 148~ C. 

The following compounds have also been described : \-Sndiumthia~ 
sul2)hatomcrciirimethjl-\:2'dihydrobenzofura}ie,s, l-sodiumthiosulphulomer-
curimethyl-4rmethyl-9 and 1 : l-mercuridimcihylene-lm-\-meiiiyl-l •.'Z-dihy-
drobenzofuranes. 

DERIVATIVES CONTAINING MERCURY AND SELENIUM. 

Products from 2 : ^-Diphenyl-seleiiophene.1 

5 - Ghloromercuri - 2 : 4 - diphenyl - selenophene. -An alcoholic 
solution of the selenophene is treated with the mercuric halide in the 
presence of sodium acetate, and the solution mechanically stirred for 
twelve hours. After a further twelve hours' standing, a 90 per cent. 
yield of product is obtained, which melts at 221° C. (corr.) after crystallisa
tion. When heated under reflux for an hour with aqueous bromine it is 
converted to tribromo-diphenyl-selenophene. An acetone solution of 
potassium bromide gives the 5-bromomercuri derivative and mercuri-his-
(2:4-diphenyl-selenophene-5). 

5-Bromomercuri-2 :4-diphenyl-selenophene is prepared by the 
methods outlined above or by heating the mercuri-bis compound for ten 
minutes with mercuric bromide in acetone solution. I t crystallises 
from alcohol in microscopic, colourless, felted hairs, M.pt. 215° C. (corr.), 
soluble in benzene, toluene, or glacial acetic acid. When its toluene 
solution is boiled, it decomposes with formation of diphenyl-seleno
phene and mercurous bromide. 

5-Iodomercuri-2 :4-diphenyl-selenophene cannot be formed by 
the action of mercuric iodide and sodium acetate on 2:4-diphenyl-
selenophene, or by sodium iodide upon the 5-chloromercuri compound. 
A 30 per cent, yield is obtained when the mercuri-bis derivative in acetone 
solution is heated for ten minutes with mercuric iodide. The pure 
product forms colourless crystals, but unless the experiment is per
formed in the dark only a red product is isolated. 

5 - Cyanomercuri - 2 : 4 - diphenyl - selenophene.—The 5-chloro
mercuri compound is treated with sodium cyanide in acetone solution. 
The mercuri-bis derivative is precipitated, and dilution of the filtrate 
gives a 50 per cent, yield of the 5-cyanomercuri compound, M.pt. 250-4° 
C. A 90 per cent, yield is obtained when the mercuri-bis derivative is 
heated for ten minutes in acetone solution with mercuric cyanide. 

* Bogert and Kerrera, J. Aimer. CUm. Soc., 1923, 45> 238; Bogert and Anderson 
ibid., 1926, 48, 223. 

file:///-Tartraht-di-mereurimcihyl-
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When boiled in benzene, toluene, or xylene it is decomposed into 2:4-
diphenyl-selenophenc and mercurous cyanide. 

Mercuri-bi$-(2:4-diphenyl-selenophene-5), (Ph2C4HSe)2Hg, 
may be isolated from the 5-chloromercuri compound and potassium 
bromide, sodium cyanide, or sodium iodide, also from the 5-bromo-
mercuri compound and sodium bromide. It forms pale gray, minute, 
felted hairs, M.pt. 230-7° C. (corr.)-

Derivatives containing mercury and arsenic are given under the 
latter element in Part II. of this volume. 

* 



* 

CHAPTER XL 

ORGANOMETALLIC DERIVATIVES O F T H E METALS 
OF G R O U P I I I . 

BOKON, aluminium, indium, and thallium are the only elements in this 
group from which true organo-compounds have been obtained. The 
metalloid boron forms a greater variety of compounds than the other 
three metals, its derivatives bearing some resemblance to those of silicon 
and phosphorus. Whilst aluminium and gallium when heated with dry 
hydrogen chloride yield A1C13 and GaCl3 respectively, indium and 
thallium only give InCl2 and TIC! respectively; also the stability of the 
trichlorides of these metals diminishes from aluminium to thallium. 
This gradation in basicity is reflected in the organo-compounds, for 
whilst i t is possible to obtain the type R3M from aluminium, only 
the form R2MX can be isolated from indium and thallium. Moreover, 
in the case of the latter metal, the inorganic tervalent compounds are 
less stable than the thallous salts, but no organo-thallous derivatives 
have ever been isolated. 

The first organic compound of boron was isolated by Frankland in 
1862, by the interaction of zinc methyl and triethyl borate.1 This 
method and the use of zinc alkyls with boron trichloride was continued 
until the discovery of the Grignard reagent. In 1900 2 boron tri-
methyl was prepared by the action of magnesium methyl iodide on tri-
methyl borate, and in 19213 a number of boron trialkyls were obtained 
by the interaction of magnesium alkyl halides and boron trifluoride. 
Of the derivatives of the type R 3 B, boron trimethyl is a gas, spon
taneously inflammable in air; boron triethyl, a spontaneously inflam
mable liquid; whilst the higher members of the series are liquids, readily 
oxidised when exposed to air.,, The methyl , and ethyl derivatives 
combine with ammonia to fornV R~3B,MH3. llife type RJBOH only 
has one r e p r e s e n t a & i ^ ^ e 1 etjiyt compound, :wfii£ft fiiia liq^ftg readily 
absorbing oxygerUfMfo Ihd air: 

The alkyl boric acids, RB(OH)&ffreite5i prepared by the action of 
magnesium alkyl halides on boric Wrai&iilflhey are all solids, and the 
lower members of .the series are volatile at low temperatures. 

In the aromatic series only one member has been obtained of the 
type R 3 B, namely, boron triphenyL* I t is formed by the interaction of 
magnesium phenyl bromide and boron trifluoride, an excess of Grignard 
reagent giving boron diphenyl fluoride and boron phenyl difluoride a t the 
same time. Boron triphenyl is a solid, which readily yields additive 

1 Frankland, AHMOUM, 1862, 124,129. 
2 KhotiBsky and Hel&med, B&.> 1900, 42, 3090. 
3 Krause and Nftscbe, Ber., 1921, 54* [BJ, 2784. 
* Krause and Hitsche, Ber., 19S2, 55, [B], 1261. 
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compounds with ammonia and aromatic amines, in which boron has 
the co-ordination number 4. 

The type R2BX is represented by boron diphenyl chloride and 
bromide, both being prepared by the use of mercury diphenyl. The 
chloride is a liquid. B.pt. 270' to 271° C, and the bromide a solid, M.pt. 
%%' to 25° C. Treatment with sodium hydroxide yields the type R2B.OII. 

A considerable number of derivatives are known of the type RBX^, 
the general method of preparation consisting of treating boron tri
chloride with mercury diaryls, in the proportion of I mol. of the latter to 
*J niols. of the boron halide. Some of the products are solids, others 
fuming liquids, but all when treated with water are converted into the 
corresponding acids, RB(OH)2. 

The diaryl boric acids, R2B(OII). are eonlined to the diphenyl and 
di-p-tolyl compounds, although in the latter case the anhydride and 
not the acid is formed. 

The monoary! boric acids, RB(OH)2, are usually isolated, as stated 
above, by the action of water on the type RBX2, although in certain 
cases this leads to the formation of the oxide RBO. The phenyl 
compound has been obtained by boiling with water the product of 
reaction from magnesium phenyl bromide and boron trifluoride. The 
most remarkable feature of the type RB(OH)2 is that the action of 
mercuric chloride upon them leads to the production of mercury aryl 
halides (RHgX). The anisyl and phenetyl compounds do not yield 
oxides when heated, or form salts, and the jS-naphthyl acid exists in two 
nii Kliiications. Dehydration of the acids in vacuo gives the oxides, RBO. 

Aluminium compounds of the type R3A1 were first investigated by 
Cahours in i860.3 They are difficult to handle, and the methyl, ethyl, 
and propyl derivatives are liquids, spontaneously inflammable in air. 
In attempting to devise new methods for the preparation of these 
substances, Krause and Wendt2 isolated the etherates, 4AlR3.3EtO, 
which are colourless, mobile liquids rapidly undergoing decomposition 
in the air, but do not inilame. 

Only one compound of each of the types R2A1X and RA1X2 is known, 
namely, the ethyl derivative, and this in each case is spontaneously in
flammable, although the etherates, like those above, do not exhibit 
this property. 

The only other alkyl compounds known are derivatives of methylene 
iodide or bromide, aluminium powder reacting with these compounds 
to produce the type CH£=s=AIX9 which are heavy liquids. 

Aluminium triphenyl is the sole aluminium aromatic organic com
pound. Like the corresponding alkyls, it forms an etherate, but its 
decomposition by air is not so rapid. " Mercury diphenyl and aluminium 
in a nitrogen atmosphere at 140° C. produce the compound, with much 
evolution of heat, in a few seconds. Iodine decomposes it, with formation 
of aluminium iodide and iodobenzene. 

The metal indium has so far only yielded one derivative, indium 
diphenyl chloride.3 This was isolated by the interaction of mercury 
diphenyl and metallic indium in boiling xylene. I t is an insoluble com
pound, not melting at 350° C- When metallic indium and mercury 
diphenyl arc heated at 270° C. in a nitrogen atmosphere under reduced 

1 Cahours, Anmlent IStiO, 114, 242. 
2 Krause and Wendt, Ben, 1923, 56, [BJ, 466. 
3 Goddaxd, unpublished. 
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pressure, and the residue extracted with ether, a compound correspond
ing to CGII sInO,In203 is isolated from the solution. 

The first organic thallium compound was obtained by Hansen,1 by 
treating zinc diethyl with thallic chloride. Four years later Hart\vi*fa 

prepared salts of the type R./fJX. No further work was done upon the 
metal until 1904, when Meyer and Bertheim8 isolated thallium dimethyl 
chloride by a reaction which may be expressed in a general form : 

T1C13 -n2MgRCl =R2TICI +2MgCI3 

The present authors have shown since that this reaction may be used 
to form any aliphatic or aromatic compound of thallium of the type 
R2T1X.4 If it is desired to prepare thallium compounds containing 
secondary radicles, an excess of Grignard reagent must not be used, or 
reduction takes place to metallic thallium.5 When thallium diaikyl 
halides are treated with silver oxide, the halogen is split off and hydrox
ides formed. The solutions thus obtained are strongly basic, rapidly 
absorb carbon dioxide from the air, and when treated with acids, or 
compounds containing acid groupings, they yield salts. Thallium 
diethyl hydroxide has been isolated in the solid state, and with aqueous 
solutions of metallic salts it precipitates hydroxides. In the case of 
halides, cyanides, or thiocyanates in the aliphatic series, the following 
reaction with silver nitrate takes place quantitatively, 

R / r i X + AgXO 8 - AgX +RBT1X03 

and since the nitrate is soluble, this affords a method of estimating the 
acid radicle.6 Although many double salts are found in inorganic 
chemistry containing thallium in the thallic state, very few are met with 
in organometallic derivatives. In spite of the fact that the authors have 
prepared considerable numbers of salts of the type R2T1X, both in the 
aliphatic and aromatic series, only the following double compounds have 
been isolated: thallium dimethyl m-nitrophenoxide, C8H10O3XTL 
C6H$OsN; thallium diethyl 4-nitrosophenoxide, C10H14O2NTLCttH4O2N ; 
thallium diethyl 5-nitro-o-tolyloxide, C u Hi 6 0 3 XTLC 7 H 7 0 3 X ; thallium 
diphenyl acid propionate, acid valerate, acid butyrate, acid m-hexoate. 
Moreover, with the exception of the fluorides, none of the salts 
appear to contain water of crystallisation. 

Thallium diphenyl bromide was first mentioned by Meyer and 
Bertheim in 19J34, but in 1922 the present authors showed that this com
pound was impure, and tha t the reactions given for it did not represent 
the facts, as shown by their later preparation. They therefore claimed 
their preparation to be the first organometallic compound of thallium, in 
the aromatic series, to be obtained in the pure state. The compound, 
which is typical of the aromatic thallium diaryl halides, does not melt 
below 300° C, and may be crystallised from pyridine. The correspoaid-
ing chloride is decomposed by iodine monochloride according to the 
equation: 

Ph 2 TlCl+2lCl=2PhCl+TlCl+I 2 

1 Hansen Ber. 1870 3 9. 
2 Hartwig, Ber., 1874, 7, 298 ; Anncden, 1875, 176, 257. 
3 Meyer and Bertheim, Ber., 1904, 37, 2051. 
* Goddard and Godd&rd, Time. Chem. $oc., 1921, 119, $72, 1310; 1922, 121, 36, 

256,483; 1923, 123, 1161. 
5 Krause and Groese, Ber., 1925, 58, [B], 193& 
8 GUxldard, Tram. €htm* Boc, 1921, 1*% 673. 
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If the thallium diphenyl chloride be replaced by thallium diethyl 
bromide, only thallous iodide is isolated from the reaction. I t has been 
pointed out tha t thallium dialky] halides when treated with moist silver 
oxide yield the corresponding hydroxides, and tha t the latter with acids 
give salts. In the aromatic series, it is found tha t the best method of 
preparing the salts is to boil together a mixture of the halide, silver oxide, 
and the organic acid in toluene. Alcoholic potassium hydroxide trans
forms the lialides to oxides, and these are also available for production 
of salts. 

I t is well known that many organo mercury compounds of the type 
R2$Ig react with metallic and non-metallic chlorides to form organo-
metallic derivatives of the metals in question. The present authors l 

carried out a considerable number of reactions of this type, with various 
organometallic compounds, the results of which are shown in Table IV. 
of the Appendix. 

I t will be seen that a number of the reactions afford means of 
obtaining organo-thallium derivatives. In the case of organo compounds 
of the elements of Group V., i t may be stated tha t phosphorus and 
antimony chlorides yield no organo-thallium derivatives, whereas arsenic 
and bismuth chlorides are capable of yielding compounds of the type 
R2TIX. 

Summarising the results for tin and lead compounds in the aliphatic 
and aromatic series, substances of the type Rtl}l give rise to R 2 MX 2 

and R2T1X ; R ;JMX and R3MR' yield thallous chloride and R 2 MR 2 

mid R 3 MX respectively; R2MR2 ' produces R 2 'MX 2 and R2T1X, 
where R ' is the radicle of lower molecular weight ; and R 2 MX 2 merely 
exchanges its halogen, X2 , should it be bromine or iodine, for the chlorine 
of the thallic chloride. 

Whilst 2-chloromercuri-thiophene and metfcury 2 : 2'-dithienyl form 
organo derivatives when treated with arsenic trichlorides3 thallic 
chloride merely decomposes the first compound, and gives no organic 
compound with the second. 2-Iodomercurithiophene is converted to 
2-chloromereuri-thiophene and thallous chloride is formed. p-Amino-
phenylmercuric acetate treated with ethereal thallic chloride gives an 
unstable additive compound, corresponding to the formula, 2C 8 H 9 0 2 

NHg.TICIjj, and p-aminophenylmercurie chloride behaves similarly, but 
when the solutions are heated complete decomposition takes place. 
p-Bis-mercurianiline and sodio-camphor do not yield thallium derivatives 
under the above conditions. I t is therefore evident that only normal 
compounds of the type R 2 Hg give rise to thallium derivatives,'where R 
may be any radicle except benzyl, thienyl, or an iso-group ; in other 
eases substances of the type R2T1X are formed. 

The estimation of thallium 3 in organic compounds is carried out 
in a spherical flask of 200 c.c. capacity, having a short, ground-glass 
neck, carrying an air condenser 3 feet long . About 0-2 gram of sub
stance is treated in the apparatus with 20 e.e. of fuming nitric acid, and 
the whole boiled until colourless. The contents of the flask are then 
rinsed out and evaporated to dryness, the residue dissolved in water, a 
few drops of dilute ammonia added, and the thallium precipitated by 

1 Goddard, Trans. Chem. Soe., 1022, M I , 36; 1923, 123, 1161; Goddard and Goddard' 
ibid., 1922, i2i , 2&>, 482. 

2 Steinkopf &nd Bauermeister, Annalen, 1917, 413, 331. 
3 Goddard and Goddard, Tram. Chem, 3oc,> 1922, 121, 488. 
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hot potassium diehromate. In cases such as thallium diphenyl chrom-
ate, the thallium is first removed as thallous iodide, ]>efore precipitating 
the other metaL For halogen estimation, silver nitrate in 1 c.c. of 
water is added before the addition of the fuming nitric acid, and the 
mixture boiled to destroy organic matter, then treated in the usual way. 
This method of estimating halogens gives good results in the ease of 
thallium, lead alkyl, and mercury compounds, and would no doubt 
answer for any type of organo compound which does not explode with 
fuming nitric acid, or give a stable nitrate, like lead diphenyl nitrate, or 
yield an insoluble oxide, as in the ease of tin. 

BORON*. 

Alkyl Compounds of the Type R 3 B. 

Boron t r ime thy l , Me3B.—This compound was first obtained1 by 
the interaction of zinc methyl and triethyl borate. I t has more 
recently been prepared by the interaction of magnesium methyl iodide 
and trimethyl borate.2 

The product isolated by the above methods is a gas of pungent odour, 
which is spontaneously inflammable in contact with air. FranklancI 
states that it can be liquefied at 10° C.9 under a pressure of three atmo
spheres/to a colourless liquid, whilst Stock and Zeidler give the melting-
point as —161-5° C. and the density at —100° C. as 0-625 (as liquid). 
They also recorded the following vapour pressures :— 

Vap. press, in mm. 1 2 3 4 G 10 15 21 
Temperature °C. . - 1 1 8 - 1 1 3 - 1 0 8 - 1 0 3 - 9 8 -93-3 -88-4 -83-5 

Vap. press, in mm. 32 43 60 82 113 147 192 253 
Temperature QC. . -78-4 -73-8 —68-9 -64-1 -59-2 -54*3 -49-4 -44-5 

Vap. press, in mm. 319 406 511 759 
Temperature °C. . -39-6 -34-6 -29-7 -20-2 

The vapour density between —25° C. and +100° C. corresponds to 
the formula BMe3. 

The gas is soluble with difficulty in water, but very easily soluble in 
alcohol and ether. I t combines directly with ammonia, yielding boron 
irimeihylammme, BMe3.NH3, M.pt. 56° C, B.pt. 110° C.? which crystal
lises from ether in many-sided, highly refractive, volatile crystals. The 
compound has the vapour pressures 1*0 mm. at 0° C , 1-8 mm. at 5-6° €., 
2 mm. at 10° C.9 3-2 mm. a t 15-2° C.s 11-0 mm. at 31-2° C , and 16-5 mm. 
at 36-9° C. The vapour density, measured between 25-0° C. and 70-0° C, 
shows that about 10 per cent, of undissoeiated ammine can exist in the 
gaseous state at 25° to 30° C , but molecular weight determinations in 
benzene solution by the cryoscopic method show that the ammine is 
practically undissoeiated. The benzene solution is stable in air, smells 
faintly of boron trimethyl, but not of ammonia. 

Treatment of boron trimethyl with potassium hydroxide or an 
ammoniacal solution with alcoholic potassium hydroxide yields a resinous 
mass, to which Frankland ascribed the composition BMe3.KGH„ 

* Franktad, Annakn, 1862, 124, 129. 
a Khotmsky and Melamed, Ber., 1909, 42, 3090. A re-examination of Frankland'a 

compound was made by Stock and Zeidler (Ber,t 1921, 54, [B], 531) who obtained the 
compound in the gaseous state from boron chloride and zinc methyl, the violence of the 
reaction being moderated by cooling or worMng under dlinimshed^pressure. 
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B o r o n t r i e t h y l . - -This is prepared by the action of zinc ethyl on 

the triethyl ester of boric acid.L and also by the interaction of zinc ethyl 
and boron trichloride.2 Frankland described it as a fuming liquid, 
spontaneously inflanunable in air. I t melts at —02-0° C , and boils a t 
95 V.; density at 23* C , 0-G031; vapour pressure a t 0J C., V25 mm. I t 
undergoes slow decomposition on heating, yielding some hydrogen and 
e thane ; the vapour density near the boiling-point corresponds to the 
simple formula BEt.j.3 The liquid is only very slightly soluble in 
water, prolonged treatment only showing very slow decomposition. 
Iodine has no action upon it even at 100s C. I t burns In air with a bright 
urceii, sooty flame, and explodes in pure oxygen. When heated with 
concentrated hydrochloric acid over mercury to 09° C , an ethyl group 
appears to be replaced by haloiren, yielding boron diethyl chloride. 
Like boron trimethyl. it forms an ammine, BEt 3 .NII a , which is stated to 
have an aromatic smell and an alkaline reaction. 

Boron t r i - n - p r o p y l , (C9H7),.jB.4—This and the following trialkyl 
boron compounds are prepared by the action of boron fluoride on 
magnesium alkyl halides, details of a preparation being given under 
the isoamyl compound. The followimr physical data have been noted 
for the propyl compound ; B.pt. G0° C. a t 20 m m . ; B.pt. 156° C. a t 
TOO mm. ; density at 24-7* C. 0-7204, whence density at 22-5° C, 
0-7225 ; n f U 1-41129, nS) 1-41352, n n i 1*41895, nH- 1-42354 a t 22-5° C. 

Boron t r i - i sobu ty l , (C4II9)3B.—B.pt. 86° C . a t 20 mm. (uncorr.); 
B.pt. 188° C. a t 700 mm.; density a t 25° C. 0-7380, whence density a t 
22-Hc C. 0-7400; n i I a l -£1052, nr> 1-41882, nH|s 1-42445, nH- 1-42882 a t 
122-8° C. 

Boron t r i - i s o - a m y l (C6H11)3B.—Boron trifluoride obtained by 
the interaction of 75 grams of potassium borofluoride, 13 grams of 
boric anhydride, and 250 c.e. of concentrated sulphuric acid, is passed 
in a rapid stream into the magnesium compound from 106 grams (1 
mol.) of isoamyl chloride in 350 c.c. of absolute ether. The boron tri-
lluoride is rapidly absorbed, and after completion of the reaction the 
whole is heated to boiling for twenty minutes on the water-bath. The 
ether is then distilled off in a stream of nitrogen and the residue distilled 
in dry nitrogen a t 13 mm. The pure product obtained distils at 119° C. 
a t 1 £ mm. in nitrogen. Yield 42 grams (55 per cent.). 

The compound is a colourless, very mobile liquid, having an odour 
resembling amyl alcohol. I t is readily oxidised in air, yielding isoamyl 
boric acid. I t burns with a bright green flame and is slowly acted upon 
by water. 

Physical d a t a : density a t 23*4° C. 0-7600, whence density a t 
22-0° C. 0-7007; nH* 1*42983, nD 1-43207, nH/91-43782, nw 1-44254 at 
22-0° C. 

Alkyl Compounds of the Type R2B.OEL 

Boron diethyl hydroxide or Diethyl boric acid, Et2B.OH,5 is 
prepared by the action of water on the ethyl ester of diethyl boric acid. 
I t is a liquid which cannot be distilled without decomposition; i t 

3 Frankland, Annate*, 1802, 124, 129, 
2 Siwk and Zr tdK Ber,y 1921, 54, [B], 531; Frankland, Jahresber., 1876, p. 469. 
3 Stuck and Z&idhr, he, cit 
1 Krause and Nitsche, B&r., 1921, 54, [B], 2784. 
5 Kraakland, foe. cit. 



OROANOMBTALLTC DERIVATIVES OF METALS OF GROUP III. 225 

absorbs oxygen from the air. forming the niouoethyl ester of ethyl boric 
acid, EtB(OII).OEt. The O-ethyl derivative of the above compound, 
the ethylaie of diethyl boric acid, Et2.B.OEt, is prepared from the 
compound of the diethyl ester of cthvl boric acid with the triethyl ester 
of boric acid, Et.B(OEt)2 .B(OEt)3 , and -/inc ethyl. The product is a 
colourless liquid, B.pt. 102° to 103J C, which is'transformed by dry 
oxygen into the diethyl ester of ethyl boric acid, and is decomposed by 
water into alcohol and diethyl boric acid. 

Alkyl Compounds of the Type RB.(OH)2 . 

Methyl bor ic acid, Me.B(OH)2.—Boric esters are best prepared by 
the action of alcohols on boric anhydride under pressure, and it has been 
found l that these esters react with Grignard's reagents to form the 
above type of compound, according to the equation: 

RMgX+B(OR') 3 =:BR(OR / ) 2 +R'O.MgX 

The interaction of trimethyl boric ester and magnesium methyl iodide 
in ether, followed by decomposition with acidified water, yields methyl 
boric acid, as white crystals, very volatile and unstable. I t has never 
been isolated in the pure state, but Michaelis and Becker2 showed 
tha t it exerts a methylating action on magnesium phenyl bromide, the 
products consisting of phenyl boric acid and toluene. The esters of this 
acid are readily hydrolysed by cold water. 

Ethyl bor ic acid, EtB(OH)2 J is deposited in white crystals from 
ether, readily subliming at 40° C, and very volatile. I t may be pre
pared as the above methyl compound, or by decomposition of the 
diethyl ester of ethyl boric acid with water,3 also by the action of water on 
the double compound of the diethyl ester of ethyl boric acid with triethyl 
boric acid. The acid is easily soluble in water, alcohol, or ether, has an 
acid reaction, but does not combine with bases. 

The monoethyl ester, Et.B(OH)OEt, is a crystalline product, decom
posed by wTater into alcohol and ethyl boric acid, and is prepared by the 
action of atmospheric oxygen on diethyl boric acid below 8° C. 

The diethyl ester, Et.B(OEt)2 5 is a liquid, boiling with decomposition 
at 125° C 5 and is decomposed by water like the monoethyl derivative. I t 
is formed when boron triethyl is oxidised in air and then in oxygen, or 
when dry oxygen acts upon the ethyl ester of diethyl boric acid. 

The ester combines with triethyl boric ester to form Et.B(OEt)2 . 
B(OEt) s , which compound may also be obtained from zinc ethyl and 
2 mols. of triethyl boric ester. I t is a liquid, B.pt. 112° C ; j yielding 
ethyl boric acid, boric acid, and alcohol when treated with water, 
whilst zinc ethyl transforms it into the ethyl ester of diethyl boric 
acid.4 

Propyl boric acid , CsH7.B(OH}2, is described by Khotinsky and 
Melamed as melting a t 74° to 75° C. and soluble in alcohol and ettier. 
Krause and Nitsche,5 however, prepared the compound by placing boron 
tripropyl in a flask filled with nitrogen, loosely corking the flask so tha t 

1 Xlotinsky and Melamed, j&sr.f 1909,4s. 309Q„ 
2 MkSiaeiis and Becker, jfer., 1880, 13* 5& 
3 Frankland, Ammlm, 1863, 124, 40 ; /otawfcr., 187«, p. 46& 
4 Ifra&klaad, ibid. 
fi K m * and Niteche* Bar., 1921, 54, [B], 2784, 

VOL. XI, : I . * 5 
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air could gradually diffuse in. when boron propyl oxide was obtained by 
oxidation," and this substance when recrystalMsed from a little hot 
water pave the required aeicl. It formed thick, colourless plates, M.pt. 
107* €., easily soluble in hot water, with difficulty in cold water, and 
fairiv soluble in the usual organic solvents. 

Isobutyl boric acid, (CVI^l^OH)^ is prepared as above as 
colourless plates from hot water, M.pt. 112" C.1 

Isoamyl boric acid, (C5TI11)B(OH)a, forms colourless, rectangular 
plates from water, M.pt. 160° C. It is fairly soluble m the usual 
organic solvents, and forms sodium and ammonium salts, the latter being 
unstable and readily evolving ammonia. 

Aryl Compounds of the Type R3B. 
Boron triphenyl, Ph3B,a is prepared as follows: One quarter of 

the Grignard reagent from 150 grams of bromobenzene and 24 grams 
of magnesium in 500 c.c.of ether is saturated with the boron triiluoride 
from 52 grams of potassium borofluoride, 8 grams of boron trioxide, and 
100 e.e. of concentrated sulphuric acid. The gas is readily absorbed, and 
afterwards the remainder of the Grignard reagent is added, the mixture 
being cooled in ice. The reaction is very violent, and the boron phenyl 
fluoride is transformed to boron triphenyl, this change being completed 
by sen era! hours' heating on the water-bath. The ether is then distilled 
off, and the residue distilled in nitrogen at 13 to 15 mm. pressure in an 
oil-bath. Boron triphenyl slowly distils at 245° to 250° C. as a thick oil, 
which solidifies on cooling to colourless, thick, six-sided columns, some 
one centimetre in length. After several distillations in carbon dioxide 
it boils at 203° C. at' 15 mm., M.pt. 136° C, the yield of pure product 
being about 50 per cent, of the theory. 

The crystals resemble those of triphenylarsine and triphenylstibine 
in form, are easily soluble in benzene, toluene, and other benzene hydro
carbons, less soluble in ether, but react with alcohols forming esters. 
Its ethereal solution in the presence of sodium wire becomes intensely 
coloured, and deposits orange-yellow, prismatic crystals, but oxygen 
destroys the colour.3, 4 

Boron triphenyl unites readily with ammonia and amines, yielding 
additive compounds in which boron has the co-ordination number i . 
The method of preparation is general and consists in bringing the com
ponents together in ethereal solution.5 

Boron iriphhiyl-ammonia, Ph3B.NH3> forms snow-white crystals, 
very difficultly soluble in ether or cold benzene, easily in hot benzene, 
cold methyl or ethyl alcohol. > The crystals in the dry state are stable in 
air, begin to soften about 203° C, and melt with gas evolution to a clear, 
yellow-brown liquid above 212° C. 

Boron iriphenyhmeihylamine, Ph3B.MeNH2, occurs as colourless 
prisms, having similar properties to the above compound. It sinters at 
208° to 209° C.f melting to a clear liquid at 210° to 211° C. 

Boron Iriphenyl-etkylamine, M.pt. 166° to 168° C.s and the corre-
1 Khotinsky gives the melting-point as 104° C. and isoamyl boric acid as 101° C. 
2 Krause and Nitsehe, Ber., 1022, 55, [B], 1261. 
3 Krause, Ber., 1924, 50, [B], 216. 
4 If excess of Grignard reagent is used in the above reaction, a mixture of boron 

triphenyl, boron diphenyl fluoride, and phenyl boron difluoride, appears to be formed. 
* Krause, Ber., 1924, 57, [BJ, 813. 
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sponding n-propylamine derivative melting above 180° C , with decom
position, have been prepared. 

The dimethyl and trimethylamine derivatives melt at 20(r C. and 1%5° 
to 137J C. respectively. 

From aromatic compounds, the following combinations have been 
isolated : boron triphenyl aniline, M.pt. 138° to 140° C. with decom
position ; with pyridine, M.pt. above 214° C. with decomposition ; 
with quinoline, M.pt. 100° to 170° C. with decomposition ; with quirt-
aldine, M.pt. 110° to 112° C. with decomposition ; with piperiditie, M.pt. 
213° to 214° C , decomposing above 216° C.; with phenyl hydrazine^ 
M.pt. 138° to 140° C. 

Aryl Compounds of the Type R2BX, 

Boron diphenyl chlor ide , Ph2BCl, is a colourless liquid, faintly 
fuming in air, and slowly decomposed by water.1 I t is obtained by 
heating boron phenyl dichloride (8 grams) and 18 grams of mercury 
diphenyl in a sealed tube at 300° to 320° C. for twenty-four hours. The 
crude product is taken up in petroleum ether, the solvent removed, and 
the residue fractionated, the portion distilling at 270° to 271° C. being 
pure boron diphenyl chloride. Yield 3*5 grams. 

Boron diphenyl b r o m i d e was lirst obtained as a by-product in the 
preparation of boron phenyl dibromide, from boron tribromide and 
mercury diphenyl, the compound being contained in the fraction dis
tilling above 150° C. at 20 mm. I t may be more readily isolated by 
taking the proportions represented by the following equation :— 

P h 2 H g + B B r 3 - P h 2 B B r + H g B r 2 

A crystalline, colourless mass is formed, M.pt. 2t° to 25° C , redden
ing in air, and decomposing with water with separation of diphenyl 
boric acid.2 

Aryl Compounds of the Type RBXg. 

Boron phenyl dif iuoride, Ph.BF*,3 an oil, B.pt. 70° to 75° C ; 
difluoride has been previously mentioned under the preparation of boron 
triphenyl. 

The dichloride is obtained according to the equation ; 

2BCl 3 +Ph 2 Hg=2PhBCl 2 +HgCl 2 

the substances being heated in a sealed tube at 180° to 200° C. I t is a 
colourless liquid, soon becoming red in air, and boiling a t 175° C , 
although it may be solidified at low temperatures, but melts again a t 
0° C. Atmospheric moisture causes it to fume, and when dropped into 
water it is decomposed with a hissing noise. If chlorine is passed into 
the liquid at the ordinary temperature it is partly decomposed, yielding 
chlorobenzene and boron trichloride, but if all the air is removed by 
carbon dioxide before the chlorine is passed in boron phenyl tetra
chloride results. 

The dichloride reacts * with ehlorobenzene and sodium to form boron 
triphenyl. 

1 Micfctaelis, Ber„ 1894, 27, 244. 
a Michaelia and Richter, Annalm, 1901, 315, 2$, 
3 Krause, German Patent, 371467 j Chem. Zewlr., 1923, if, 1 0 « 
* Mieliadis, Ben, 1889, 22, 3*1, 
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The dibromide is obtained when the boron trichloride in the above 
equation is replaeed bv the tnbroinide. It crystallises in colourless 
tablets, M.pt. 32' to 34.^0., B.pt. m° to 101 ° C. at 20 nim., fumes strongly 
iu air, has a pungent smell, and is decomposed by water giving phenyl 
boric acid. 

Boron o-tolyl dichloride is a colourless, thick oil having a strong 
smell, and faintly fuming in air. When cooled to 0° C. it solidifies, 
melting again at 6a C, and with water yields the corresponding boric 
acid.1 

Boron p-tolyl difluortde,2 is an oil, B.pt. 95° to 07° C. The 
corresponding dibromide3 forms a white, crystalline mass, M.pt. 44° to 
45" C, B.pt. 145c C. at 25 mm. (approx.), which fumes strongly in air, 
and is violently decomposed to the acid by water. 

Boron o- andp-anisyl dichlorides, CH30.C6II4.BC12. The former 
was not analysed by Michaelis, but he stated that its properties were 
similar to those of the p-anisy! derivative. This latter compound is a 
lightj yellowish-red to violet liquid, B.pt. 182° C. at 170 mm., and on 
cooling solidifies to a crystalline mass which melts afc 30c C. It fumes 
strongly in air, and reacts vigorously with water to form the acid. 

Boron o- and p-phenetyl dichlorides.—The first of these com
pounds 1ms only been obtained in small quantities and has not been 
analysed, although the acid has been derived from it. The para com
pound is a colourless liquid. R.pt. 220° C. at 400 mm., which may be 
obtained as a crystalline mass, M.pt. 2° C, the general properties being 
similar to those of the anisyl derivative. 

Boron o-xylyl dichloride lx>ils at 212° C. and melts at about 0° C.4 

The meta compound is a colourless, very strongly fuming liquid, B.pt. 
%IH" (\, and is prepared by heating mercury di-m-xylyl with an excess 
of l>oron trichloride in a sealed tube at 200° C. for twenty-four hours. 

Boron m-xylyl dibromide is a colourless, refractive liquid, boiling 
at about 125° C. at 15 mm., density at 15° C. 1-57. 

Boron-p-xylyl dichloride may be prepared similarly to the meta 
coni|K>und, but the reaction takes place at 180° C. It distils as a trans
parent liquid at 205° C, and fumes strongly in air. 

Boron pseudocurnyl dibromide5 is* a colourless liquid, boiling 
between 170° and 190° C, at 16 mm., with partial decomposition. 
When treated with water it yields the oxide. 

Boron a-naphthyl dichloride, C10H7BC12, boiling at about 164° C. 
at 25 mm., is prepared by heating mercury di-a-naphthyl and boron 
trichloride at 120° to 150° for eleven hours. The fi-naphthyl derivative 
forms colourless needles, M.pt. 116° €., and is readily soluble in dry 
benzene, ether, or petroleum ether, fumes slightly in air, and yields the 
acid with water. 

Aryl Compounds of the Type R2BOH. 

Diphenyl boric acid, Ph2B.OH.6—When boron diphenyl chloride 
or bromide is treated with sodium hydroxide, and the clear solution 

1 Michaelis, .Sen, 2889, 22, 241; Michaelis and Becker, ibid., 1879, 12, 58. 
2 Kraua*?, German Patent, 371467; Chem. Z&ntr., 1023, ii. 1089. 
3 Michaelis and Riehter, Annalen, 1901, 315, 26. 
4 Michaelis, Anmk&, 1901, 315, 19. 
s C.H,.Me.Mfi.Me.BBrt*l : 2 ; 4 : 5. 
6 Michaelis, J3er„ 1894, 27, 244; Michaelis and Richter, loe. cU. 
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neutralised with hydrochloric acid, the acid is formed, and may be 
extracted with ether. Evaporation of the solvent yields a fuming 
residue, B.pt. 215° to 235° C. at 17 mm., which crystallises on cooling; 
the crystals colour the flame green, and melt to a colourless liquid 
with hot water. I t is soluble in the usual organic solvents and in alkalies, 
readily forming salts in the latter. 

Di-p-tolyl bor ic acid is only known in the form of its anhydride 
(CH3.C6H4.B)20, since the chloride has not been isolated in the pure 
state. This oxide is a white powder, M.pt. 78° C , easily soluble in 
organic solvents, but insoluble in water. 

Aryl Compounds oftlie Types HB(OH)2 and HBO. 

Phenyl bor ic acid, PhB(OH)2.1—The magnesium compound from 
50 grams of bromobenzene in 200 c.e. of ether is saturated with the 
boron trinuoride from 52 grams of potassium borofluoride, 8 grams of 
boron trioxide, and 100 c.c. of concentrated sulphuric acid. After 
boiling for two hours under reflux, the product is ice cooled, and 
decomposed by cautiously adding 60 c.c. of water. The ether layer is 
then separated off, and the residue extracted several times with ether, 
the solvent removed, and the solid obtained boiled with 100 c.c. of 
water for one hour on the water-bath and filtered whilst hot. On slowly 
cooling, pure phenyl boric acid separates in snow-white bushy needles, 
several centimetres in length, M.pt. 216° C. It has similar properties to 
the compound obtained by Michaelis and Bichter2 by the action of 
water on boron phenyl dibromide. When kept in vacuo over phos
phorus pentoxide it slowly changes to phenyl boron oxide. The 
isobutyl ester is a liquid, B.pt. 180° to 187° C. at 30 to 35 mm. 

p-Ghlorophenyl boric acid forms sheafs of needles, M.pt. 275° C, 
and p -b romopheny l bor ic acid , needles, M.pt. 191° C. 

The following boric acids, unless otherwise stated, have been pre
pared by the action of water on compounds of the type ArBX2 :-*-3 

o-Tolyl bor ic acid occurs as needles, M.pt. 160° to 161° C, easily 
soluble in alcohol or ether, but with difficulty in petroleum ether or 
water. When treated with ammoniacal silver solutions it gives a 
pale yellow, flocculent precipitate, which soon blackens on boiling, 
silver oxide and toluene being produced; 

2C 7 H 7 B0 2 HAg+3H 2 0- :2C 7 H 8 +2B(OH) 3 +Ag 2 0 

With mercuric chloride, o-tolyl mercuric chloride is formed : 

C 7 H 7 .B . (OH) 2 +HgCl 2 +H 2 0-C 7 H 7 HgCI+HCI+B{OH) 3 

m-Toly l bor ic acid, M.pt. 137° to 140° C , reacts with mercuric 
chloride, yielding m-tolvl mercuric chloride. Its isobutyl ester, C6HV 
CH3B(O.C4H9)2, is a liquid, B.pt. 195° to 207° C. at 60 mm., and it may 
be prepared by the following general reaction;— 

RMgX+B{OB / )3=BB(OR / ) 2+B'O.MgX 

which is carried out under pressure.4 

1 Krause and Nitsche, Ben, 1922, 5& [B], 1261; Krause, German Patent, 371467; 
Chem. Zenfr., 1923, ii. 1089. 

3 Michaelis, Ben, 1894, 27, 244 
a Michaelis, ibid. 
* iCkotmsky and Mekwaed, Ber*9 1909,42,3000. 
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p-Tolyl boric acid, M.pt. 240° C., yields p-tolyl mercuric chloride 
by the usual treatment. An alkaline solution of potassium perman
ganate oxidises the niethvi <?roup to carboxyl, when p-carboxy-phenyl 
boric acid is formed, IIOOC.CflH4,B(OH )a, as white, glistening, refractive 
needles, M.pt. 225" C. The crystals arc easily soluble in hot water or 
alcohol, less soluble in ether or benzene, and when heated no anhydride 
is formed. Rapid heating decomposes the compound to benzoic acid and 
meta-borie acid: 

X'OOH 
C6II / «C6II5COOH +BO(OII) 

XB(OH)2 

this reaction being similar to that of the related phosphorus derivative, 
namely: 

X'OOH 
CfiH4< =C 8 H 5 COOH+HP0 3 

NPO(OII), 

The reaction with mercuric chloride takes a somewhat different course 
in the case of this compound : 

/COOH JCQOll 
C e l l / + H g C l 2 + H 2 0 - C 6 H , < +HCl+B(OH) 3 

XB(OH)2
 xHgCl 

This chloromcrcuri benzoic acid is a white, crystalline powder, M.pt. 
272" C, soluble in absolute alcohol and insoluble in water, dissolves in 
aqueous alkalies, but is reprecipitated by acids. The barium salt bf 
p-earboxy-phemi boric acid, 

B—OH 

CfiH4 O + H 2 0 

N COO—Ba 

is obtained as a white precipitate by the action of barium chloride on a 
carbon dioxide-free, ammoniacal solution of the acid. It is very soluble 
in cold water, but the solubility diminishes with rise of temperature. 
At 200° C. the water of crystallisation is not driven off, and the hydroxyl 
group bound to the boron atom is unaffected. 

Two lead salts are known, both white powders, namely : 

[HO(HOPbO)BC6H4COO]2Pb and (Pb02B.€6H4COO)2Pb.2H20 

The silver salt, AgO.CO.C6H4.B(OH)OAg, is a white precipitate, 
easily decomposed, and yellow when dry. On heating with water it 
first becomes brown, then black, and silver oxide separates, along with 
boric and benzoic acids, or silver benzoate. 

o-Anisyl boric acid occurs as small, glistening plates, from hot 
water, M.pt. 165° C.; the para acid yields white tablets of the mono-
clinic system, melting at 201° to 203° €., soluble in ether, hot alcohol, or 
benzene, less soluble in hot water. I t reacts with ammoniacal silver 
solutions in the usual way, and yields p-anisylmercuric chloride with 
mercuric chloride. 

o-Pfaenetyl boric acid crystallises from water in small, white 
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needles, M.pt. 171° C.; the para compound in clusters of feathery, 
glistening needles, M.pt. 159° C , which are easily soluble in cold alcohol, 
ether, or hot benzene. Both compounds react with mercuric chloride, 
but neither of them yields an oxide on heating, or forms salts, these 
properties being shared by the anisyl compounds. 

Benzyl boric acid, M.pt. 161° C.,1 forms an isobutyl ester, B.pt. 
189° to 196° C. at .36 mm. 

o-Xylyl boric ac id 2 yields fine, colourless needles, M.pt. 190-5' C.; 
the meta acid is obtained by heating the oxide with water, its diethyl 
ester being a colourless liquid, B.pt. 160° C, formed when boron m-xylyl 
dichloride is dropped into a large excess of absolute alcohol. The para 
acid crystallises from water in feathery groups of hair-like needles, 
M.pt. 180° C, which slowly change to the oxide in the desiccator. 

a -Naphthyl boric ac id 3 crystallises in fine, colourless needles from 
water, sintering at 242° C. and melting at 259° C. I t is easily soluble in 
ether, alcohol, hot water, with difficulty in petroleum ether or cold 
water. a-Naphthyl mercuric chloride may be isolated from the acid 
in the usual way. When boiled with water, particularly in the presence 
of alkali, the acid yields naphthalene and boric acid : 

C 1 0 H 7 B(OH) 2 +H 2 O=C 1 0 H s +B(OH) 3 

Although the acid reddens litmus, it only forms salts with difficulty; 
the barium and silver salts are known, the latter reacting with water 
to produce naphthalene, silver oxide, and boric acid. 

/3-Naphthyl bor ic acid exists in two modifications. When re-
crystallised from water, colourless plates are produced, melting at 248° C.; 
these when dissolved in a little alcohol, and the solution poured into cold 
water, appear as the second modification, in fine needles, M.pt. 206° C.; 
recrystalHsation from hot water changes this second form back into the 
first. The latter modification acts towards alkali and mercuric chloride 
as the a-naphthyl acid. The barium salt forms pale reddish plates, 
easily soluble in hot water, and the silver salt is also known. ""Distilla
tion of boron-/3-naphthyl dichloride and sodium methylate under 50 mm. 
pressure leads to the formation of the methyl ester of the acid, which is an 
odourless, thick, colourless liquid, boiling at 160° to 180° C, a t 50 mm. 
I t fumes in air, and changes to the oxide when treated with water. 

The following oxides are formed either by the action of water on the 
dihalides or by dehydration of the acid in vacuo. Those obtained by 
the first method are marked (A), by the second (B). 

Phenyl boron oxide, (A) and (B). 
o-Tolyl boron oxide, (B), is a white powder, soluble with difficulty 

in alcohol or ether, and supposed to be formed when the acid melts. 
The corresponding para oxide, (B), melting at 257° to 258° C , is recon
verted by hot water to the acid. 

o-Xylyl boron oxide, (B), M.pt, 226° C—The dehydration of the 
acid in this case only requires forty-eight hours, but in the case of p~ 
xylyl boric acid three weeks is needed to complete the change, 

m-Xyly l boron oxide , (A), crystallises from ether in white needles, 
M.pt. 302° C , is soluble in alcohol or benzene, but insoluble in cold water. 
A solution of the oxide in very dilute ammonium hydroxide, when treated 

1 Khotinsky and Melamed, Ber,, 1909, 42, 3090; Krause, Carman Patent, 371467; 
Chtm. Zentr., 1923, ii. 1089. 

2 Mehaeiis, Annctim, 1901, 315, X§. % Miehaeik, Ber., 1894, 27, 244. 
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with silver nitrate, gives a pale yellow precipitate of the acid silver salt, 
C8H9B(OH)(OA£). 

p-Xylyl boron oxide, (B), M.pt. 176° C, forms a silver salt as above. 
Pseudocumyl boron oxide, (A), crystallises from ether in white, 

{(listening needles, M.pt. 211° C, insoluble in water, easily soluble in 
the usual organic solvents. 

a-Naphthyl boron oxide is a white, micro-crystalline powder, 
difficultly soluble in ether or petroleum ether, but more soluble in alcohol. 

j8-Naphthyl boron oxide, (B), may be prepared also by the action 
of sodium ethoxide upon boron naphthyl dichloride: 

CJ0II7BCl8+2NaOEt=C10H7BO4-2XaCI+EtaO 

The oxide crystallises in iine, colourless needles, M.pt. 266° C3 is soluble 
in alcohol, with difficulty in ether, and insoluble in light petroleum. It 
requires prolonged boiling with water to change it back to the acid. 

ALUMINIUM. 

Alkyl Compounds of the Type R3A1. 

Aluminium trimethyl, Me3Al, is a fuming liquid, spontaneously 
inflammable in air, solidifying to a crystalline mass about 0° C. I t was 
no doubt obtained for the First time by Cahours,1 but only in small 
quantities, by the action of mercury dimethyl upon aluminium at 100° 
to 130° C The work has been repeated5

2 the same components being 
heated for several hours in a sealed tube placed in a water-bath. The 
compound obtained is then distilled over fresh aluminium, and after
wards distilled in hydrogen, the liquid distilling at 130° C. The 
boiling-point3 is 127° to 129° C.? and vapour density determinations 
indicate that the substance has the simple formula, Me3AL4 

Aluminium triethyl may be prepared in a similar manner to the 
methyl compound.5 Aluminium triethyl is a liquid, B.pt. 194° C. when 
distilled in hydrogen ; it does not solidify at —18° C. It is decomposed 
with explosive violence by water; with iodine it yields ethyl iodide and 
iodine derivatives. At 234° C. the vapour density is 4-5 (theory 3-9), 
the refractive index having the value IID 1-480 at 6-5° C. 

A compound of aluminium triethyl with aluminium bromide has also 
been described, {C2H5)3Al.AlBr3, but its existence seems doubtful.6 

Aluminium tripropyl,7 formed in the usual way at 130° C, is a 
1 Cahours, Annaknr 1860, 114, 242. 
2 Buckton and Odling, Annakn, Supp., 1865-1866, 109-113 ; Proc. Roy, Soc, 1865, 

14* 19. 
a Quincke, Zeiisch. physikal, Chem,, 1889, 3, 164. 
* See Louise and Roux, Compt. rend,, 1888, 107, 601 ; Butt. Soc. chim., 1888, [2J, 50, 

511. Buckton and Odling gave the following figures for the vapour density: 2-80 at 240° C.; 
2-80 at 220° G.; and 2-81 at 220° C, theory requiring the value 2-5 ; the refractive index 
is m1* 1-432 (Bleekrode, Bee. iruv. chim., 1885, 4, 80). 

* Cahours states that aluminium and ethyl iodide when heated in a sealed tube for 
24 hours at 130° give rise to a colourless liquid, fuming in air and boiling at 340° to 350° C. 
It is found to be a double compound of aluminium iodide and aluminium triethyl, but 
treatment with zinc ethyl decomposes it with the formation of zinc iodide and aluminium 
triethyl. A similar observation was made by Haliwachs and Schafarik {Atmcden, 1859, 
109, 207), but these investigators only appear to have isolated the double compound, 

8 Furstenhoff, Chem, Zentr.} 1904, i. 785. 
7 Cahours, Jahresber., 1873, p. 518; Ber., 1873, 6, 567; Conipt. rend., 1873, 76, 133, 

748,1383 ; Louise and Roux, he. cit. 
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colourless liquid, inflammable in air, B.pt. 248° to 252' C. I t yields 
with water, propane and aluminium hydroxide. 

Alumin ium t r i - i sobutyl x is a colourless liquid, fuming in air. 
A lumin ium t r i - i soamyl is a liquid, boiling about 250' C. at 80 to 

100 mm.; vapour density determinations indicate the formula to be 
Mt(C&u)t* 

Aluminium Trialkyl Etherafes.z 

Alumin ium t r i e thy l -e thera te , 4AlEt3J 8EtaO, may be obtained 
in several ways, namely : 

3. By the action of ethyl bromide on an alloy of magnesium and 
aluminium in the presence of dry ether. The alloy contains 15-16 per 
cent, of aluminium, 0*24 per cent, of silicon, and traces of iron and 
calcium. The reaction mixture is cooled, and the ethyl bromide added 
in small portions, as the reaction is vigorous. After completion, the 
ether is distilled off and the residue distilled in nitrogen under reduced 
pressure, namely, at 340° to 180° C. at 14 to 10 mm. 

2- From aluminium triethyl and anhydrous ether. 
3. In quantitative yield from ethyl magnesium bromide and anhy

drous aluminium chloride. 
The etherate is a colourless, mobile liquid, B.pt. 312° C. at 16 mm., 

and is stable in*a sealed tube, even when exposed to light. I t reacts 
with explosive violence with water, but is not spontaneously inflammable 
in air, although it undergoes rapid decomposition. At atmospheric 
pressure its boiling-point is 216° to 218° C , slight decomposition taking 
place. The following physical constants have been determined : 
B.pt. 110-5° C. at 13-5 mm.; density at 17-4° C , 0-8200 ; nH« 1-43433 ; 
nD 1-43700 ; nH s 1-44349 ; nH , 1*44884 at 17-4° C. 

A lumin ium t r ime thy l e thera te , B.pt. 68° C. at 15 mm., tends to 
be spontaneously inflammable. 

Alumin ium t r ipropyl e thera te , B.pt. 135° C. at 18 mm., fumes 
strongly in air. 

Alkyl Compounds of the Types R2AIX and RAiX2. 

Aluminium powder and dry ethyl iodide, free from alcohol, react in a 
nitrogen atmosphere to give a mixture of these types of compounds. In 
air, the compounds are spontaneously inflammable, but the etherates do 
not exhibit this property.4 A l u m i n i u m diethyl iodide is a clear, mobile 
liquid,B.pt. 118° to 120°C. a t 4 to 5 mm.,density 1-609 at27° C. Alumin
i u m ethyl di- iodide has M.pt. 35° to 37° C 5 B.pt. 158° to 160° C. a t 
4 mm. When its ethereal solution is treated with benzoyl chloride, eta-
dibenzoylethane, a little propiophenone and ethane are formed.5 Acetone 
and acetophenone with aluminium ethyl or isoamyl iodides yield mesityl 
oxide and triphenylbenzene respectively.6 The following compounds 
have also been obtained: AI2Ia{NH2)3 .Et20, from aluminium ethyl 
iodide and ammonia; AI2I3(NHEt)3.Et205 from aluminium propyl 

1 Cmhours, Compt. rmd., lffi%, 77,1403. 
8 Louise and Roux, he. cii, 
* Kranse and Wendt, Ber., 1923, 56, [B], 466. 
4 Grignard and Jenkins, Oomp$. rm4«, I9&4* *79* 8&. 
5 Leone, Am. M. Azced, Umeh 1&25* [TLI i» 229, 443. 
* Leon© and Braseovie, AM. M* Acmi* Idned, 1024, [v.l 33* #67. 
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iodide and ethylaniine; Ai2I3(NMe2^.Et20, from aluminium propyl 
iodide and dimcthylamine; AI2I3(NHPh)3.Et30, from aluminium 
ethyl iodide and aniline. All these compounds are white, crystalline 
powders, decomposed by moisture with evolution of ammonia. 

Aluminium Compounds from Methylene Iodide. 

When aluminium and methylene iodide are allowed to stand for a 
considerable period, a reaction takes place and the mixture solidifies. 
The compound is white, crystalline, and highly reactive.1 If the 
reaction is allowed to take place in anhydrous ether, the aluminium 
dissolves, a heavy liquid is obtained, and ethylene evolved. The re
action is represented as taking place as follows :— 

3CH2Ta+4Al==3CHo: A1I+A1I8 
6CH2I2+4A1=3C2H4+4A1I3 

With methylene bromide a similar compound is obtained, but the 
reaction is slower and less ethylene is evolved. The compounds yield 
additive products with iodine, CH2LAlBrI9 and the latter when decom
posed by water gives methyl iodide:2 

CHjLAlBrI + H 3 0 =CH3I +AlBrI.OH. ^ 

Aryl Compounds of the Type E,3A1. 

Aluminium triphenyl, Ph3AI.3—Five grams of mercury diphenyl 
and 1 gram (4 mols.) of aluminium sheet cut into small pieces are 
heated in complete absence of air and moisture in a stream of hydrogen 
or nitrogen. At \WJ C. the reaction takes place with considerable 
evolution of heat and goes quantitatively to completion in ten to 
fifteen seconds. The reaction mass contains some metallic mercury, 
amalgamated aluminium, and a faint yellow, viscous product, which 
crystallises on standing. It is washed with dry ether, in which the 
bulk dissolves leaving a small residue which is filtered off, and the 
ether is then removed in vacuo. The product thus obtained as fine, 
white needles, M.pt. 112° to 113° C, contains 1 mol. of ether of 
crystallisation (Ph3ALEt20); this on removal by heat gives pure 
aluminium triphenyl, M.pt. 196° to 200° C. In compact masses the 
decomposition by air is slow, but dry air passed through the ethereal 
solution produces a white, amorphous precipitate, probably phenyl 
aluminium oxide (PhAlO). With water the compound inflames, alumi
nium hydroxide, benzene, and diphenyl being formed. Its addition 
compound with ether is only stable in perfectly dry solvents. Alumi
nium triphenyl reacts with alcohol with evolution of heat, but the 
compound produced does not appear to be the aleoholate, but an 
infusible compound, which yields some benzene and a strong smell of 
phenol on treatment with water. 

Condensation products formed by acetone and chloroform do not 
appear to have been very thoroughly investigated, but iodine decomposes 
aluminium triphenyl, yielding aluminium iodide and iodobenzene. 

1 Thomas, Compt. rend., 1922, 174, 464. 
2 Faiiiebin, Compt. rend., 1922, 174, 112. 
3 Hilpert and Griittner, Ber., 1912, 45, 2828. 
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INDIUM.1 

Indium diphenyl chloride.—Indium trichloride 2 from MO grains 
of metallic indium, and 10-77 grams of mercury diphenyl (3 moh>. j 
are boiled with 50 c.c. of xylene for thirty-seven hours. After filtering, 
the residue mostly melts at 245° to 250'" C , but a portion does not melt 
at 295° C. The mass is extracted in a Soxhlet apparatus with dr3r 

benzene to remove any mercury compounds, and the residue in the 
thimble (0-647gram) is organic and found to be indium diphenyl chloride. 
I t is a crystalline, cream-coloured powder, insoluble in the usual organic 
solvents, and does not melt at 350° C. 

Indium phenyl oxide.—Metallic indium (1-5 grams) and 2*25 
grams of mercury diphenyl are heated at 270° C. in a nitrogen atmosphere 
for thirty minutess the operation being carried out at a pressure of 
17-2 mm. After cooling, the product is extracted with dry ether and 
the solvent allowed to evaporate spontaneously. An oil remains which 
solidifies on the addition of light petroleum. This is taken up in ether 
and reprecipitated with light petroleum, when a cream-coloured organic 
compound is obtained. I t does not melt at 200° C, and its composition 
corresponds to € 6H 5InO.In 20 3 . I t is insoluble in cold benzene, and 
only sparingly soluble in cold glacial acetic acid. 

THALLIUM. 

Alkyl Derivatives of the Type R / H X . 

Thallium dimethyl chloride, (CH3)eTI(*l, is prepared by dissolv
ing the sulphydrate in acetic acid, and ai'ter boiling to expel the 
hydrogen sulphide, dilute hydrochloric acid is added. On cooling, the 
chloride separates in glistening, white, shimmering plates, which do not 
decompose at 280° C.3 

Thallium dimethyl bromide may be obtained by the interaction 
of magnesium methyl bromide and thallic chloride, and crystallises 
from dilute ammonia containing sodium bromide in white, silver, 
glistening plates, which do not melt at 275° C. When treated with 
silver fluoride it yields thallium dimethyl fluoride, which de
composes above 230° € . It forms a hydrate containing 12 mo Is. 
of water.4 

Thallium dimethyl iodide.—This compound is obtained5 by 
treating the mother-liquors from the above bromide with potassium 
iodide, the decomposition temperature of the product being given as 
264° to 266° C. I t may also be prepared by the action of magnesium 
methyl iodide on thallic chloride. Obtained in this manner it only shows 

1 Goddard, unpublished. 
2 In order to prepare this salt, metallic indium is placed in a $>orcelain boat in a com

bustion tube into which chlorine is passed, the other end of the tube being protected from 
moisture by means of a calcium chloride tube. When all the air has been displaced, the 
tube is carefully heated, the indium burning with a pale blue flame, and the trichloride 
subliming in white crystals along the tube. After cooling, the chlorine is replaced by 
nitrogen and the chloride washed into a flask with dry ether. 

a Meyer and Bertheim, Berr, 1904, 37, 2051. 
4 Krause and Grosse, Mr., 1925, 58, {B% 272. 
5 Meyer and Berfcheira, he. cik 
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slight decomposition at 295° C-, and does not melt at 300J C.1 The 
reaction takes place according to the equation : 

TlCl3-f2MgRI-TlRJ+MgCl2-rMgCII 

The iodide crystallises from hot water or dilute ammonium hydroxide 
in shining silvery plates, which are only slightly soluble in alcohol or 
acetone, and insoluble in ether or light petroleum. 

Thall ium dimethyl faydrosulphide.—When an excess of yellow 
ammonium sulphide is added to an ammoniacal solution of thallium 
dimethyl bromide, a white precipitate of the hydrosulphide separates. 
This is washed with hydrogen sulphide water to purify it, but it tends to 
form a colloidal solution, which is difficult to filter. When dry it de
composes with explosion on heating or in contact with fuming nitric 
acid. It dissolves in dilute nitric acid, with the separation of sulphur; 
and in dilute sulphuric or acetic acid, with the evolution of hydrogen 
sulphide. 

Thall ium dimethyl carbonate.—This compound crystallises in 
large, hexagonal plates from the solution occurring from the interaction 
of thallium dimethyl iodide and silver oxide, after boiling and evaporat
ing in air, the hydroxide formed during the reaction absorbing carbon 
dioxide. It is very soluble in water, moderately so in alcohol or acetone, 
and slightly soluble in ether. By treatment with mineral acids carbon 
dioxide is evolved and salts are formed. 

Thall ium dimethyl nitrate is formed when silver nitrate and 
thallium dimethyl iodide are boiled together in aqueous solution. The 
salt does not melt at 300° C. and crystallises from alcohol in shining, 
white plates, which are soluble in water and acetone, but less soluble in 
ether. 

Thall ium dimethyl chromate is prepared as above, using silver 
chromate, and forms brilliant yellow plates from water, these decom
posing at 255° C. without melting. The chromate is very soluble 
in water, alcohol, or acetone, and dissolves slightly in ether or light 
petroleum. 

The following methyl compounds have been prepared by treating 
thallium dimethyl iodide with silver oxide, boiling the mixture until all 
the thallium compound has dissolved, and then adding to the solution of 
thallium dimethyl hydroxide thus obtained, the nitrophenol or nitro-
cresol, and evaporating the whole until crystals appear.2 

Thallium dimethyl o~nitrophenoxide crystallises from water 
in brick-red needles, which melt at 237° C. I t is easily soluble in warm 
alcohol or pyridine, moderately soluble in acetone, chloroform, or 
toluene, slightly soluble in ether or carbon tetrachloride, and insoluble in 
light petroleum. 

Thall ium dimethyl m-nitrophenoxide is isolated both as the 
acid and normal salt. The former has" the formula, C8H10O3NTL 
C6H502N, and crystallises from water in brilliant red cubes, which soften 
at 150° C , and melt to a clear red liquid at 159° C. The normal com
pound, however, crystallises in yellowish-orange plates, which melt to a 
red liquid at 202° €., the latter decomposing on boiling. This form may 
also be derived from the acid variety by treatment with alcohol or 
ether. It is soluble in cold pyridine, acetone or warm alcohol, moder-

1 ffoddiwd, Trans. Chem. JSoc., 1921, 119, 672. 
2 Goddard, ibid,, 1310. 
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ately soluble in ether, toluene, or chloroform, and insoluble in carbon 
tetrachloride or light petroleum. 

Tha l l i um dimethyl p-n i t rophenoxide crystallises from alcohol 
in yellow plates, which darken at 27*3° C. and explode violently at 275° C. 
I t is easily soluble in cold pyridine, moderately soluble in alcohol or 
acetone, and insoluble in other organic solvents. 

Tha l l i um dimethyl 4 : 6 -d in i t ro -2-aminophenoxide . — This 
compound, which is obtained by the use of picramic acid, crystallises 
from water in small, deep reddish-violet plates, darkening at 220° C. and 
melting with decomposition a t 236° C. I t is easily soluble in alcohol, 
acetone, or pyridine, moderately soluble in ether, and insoluble in 
chloroform, carbon tetrachloride, toluene, or light petroleum. 

Tha l l i um dimethyl 3-ni t ro-o-tolyloxide crystallises in deep red 
plates, which have a brown reflex, and melt to a deep red liquid at 186-5° 
(J. The salt is readily soluble in cold pyridine, warm alcohol, acetone, 
ether, toluene, or chloroform, moderately soluble in carbon tetrachloride, 
and slightly soluble in light petroleum. The colour of all these solutions 
is red, dilution not completely destroying the red tone. 

Tha l l i um dimethyl acetate is formed when thallium dimethyl 
hydroxide solution is treated with acetic acid, the concentrated solution 
yielding elongated plates, M.pt. 293° C. The acetate is very soluble in 
water, alcohol, or acetone, less soluble in ether or petroleum. 

Tha l l ium diethyl chloride.—This derivative was first obtained 
by the action of zinc diethyl on thallic chloride.1 Hansen stated that 
his compound was soluble in hot water, alcohol, and ether, crystallised 
in silky, glistening crystals, which remained unmelted at 225° C, and 
decomposed with explosion on sudden heating, forming thallous chloride 
and a gas. The specimen obtained by Hartwig 2 was scarcely soluble in 
ether, and when heated in the dry state in a paraffin bath to 100° C. 
decomposed with slight explosion, an inflammable gas being evolved. 
Another preparation 3 from the interaction of magnesium ethyl chloride 
and thallic chloride was stated to decompose at 205° to 206° C , and to be 
more difficultly soluble than the methyl compound. The present author, 
however, from his observations of these thallium compounds, is in
clined to believe that this chloride does not melt even at 300° C. 

T h a l l i u m diethyl fluoride decomposes above 170° C. and forms 
a hydrate crystallising in plates. 

Tha l l i um diethyl bromide is easily isolated from magnesium ethyl 
bromide and thallic chloride; its solubility falls between that of the 
chloride and iodide, and it remains unmelted at 300° C. 

Tha l l i um diethyl iodide crystallises from water in white plates 
when quite pure, and investigators differ regarding its temperature of 
decomposition.4 I t may be prepared from the corresponding chloride or 
bromide by the addition of potassium iodide to their aqueous solutions, 
or by the interaction of thallium diethyl sulphate and barium iodide, 
also by use of the Grignard reagent. It is difficultly soluble in water, 
alcohol, or ammonia, but may easily be recrystallised from pyridine. 

T h a l l i u m diethyl hydroxide.—All the above halide compounds 
when boiled with silver oxide give a solution of the hydroxide, and when 

1 Hansen, Ber„ 1870, 3, 9 ; Hartwig, ibid,, 1874, % 2&& 
2 Hartwig, Ann&kn, 1875, 176, 257. 
3 Meyer and Berfcheim, Ber.t 1904, $?, 2051. 
4 Harfcwig gives 195° a ; &%er and BerOieim, 185° fc» 187° C.; Ooddard, above 300° 0. 
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making salts such a solution may be used, since it is not necessary to 
isolate the solid hydroxide. This, however, may he accomplished as 
follows ; Vri trranis of thallium diethyl iodide are dissolved in .300 c.c. 
of boiling water, and the silver oxide derived from 20 grams of silver 
nitrate added, whilst the whole is kept boiling by leading in steam until 
a test portion of the iiltrate is halogen-free. The liquid is then filtered 
in carbon dioxide-free air, and evaporated to a small bulk in a stream of 
hydrogen. After cooling in the gas stream, a white, crystalline mass 
appears, and this is dried in vacuo over phosphorus pentoxide and soda 
lime. The base thus obtained melts at 127° to 128° €., is very soluble in 
water and alcohol, the solutions acting strongly alkaline towards litmus, 
and rapidly absorbing carbon dioxide from the atmosphere. I t explodes 
in contact with fuming nitric* acid, precipitates the hydroxides of metals 
from their aqueous solutions, and yields salts when treated with acids 
or compounds containing acid groupings. 

T h a l l i u m diethyl hydrosu lphide is prepared in a like manner to 
the dimethyl compound and possesses similar properties. 

T h a l l i u m diethyl carbonate . - -When the corresponding bromide 
or iodide is boiled with silver oxide in aqueous solution, and the filtrate 
evaporated in the presence of air, the carbonate is deposited in glistening 
needles, which decompose a t 201" C. The salt may be reerystallisecl 
from alcohol, or precipitated from alcoholic solution by ether, and it is 
less soluble in hot water than in cold. Its solutions show an alkaline 
reaction, and when treated with acids, salts are formed with the evolu
tion of carbon dioxide. 

Thall ium diethyl hydrogen carbonate.—When the above salt 
is dissolved in water and the solution saturated with carbon dioxide, 
the addition of alcohol precipitates the hydrogen carbonate as a white, 
crystalline powder. This in solution reacts feebly alkaline, but if the 
solution be evaporated by heating, the normal salt is again formed. 

Thall ium diethyl nitrite.1—A suspension of thallium diethyl 
iodide in acetone is shaken with the calculated amount of silver nitrite 
for one hour, and allowed to stand overnight. After filtration, the 
acetone solution is evaporated, the nitrite crystallising in large trans
parent plates, which remain unmelted at 290° C. I t is also completely 
soluble in hot pyridine, but insoluble in other organic solvents. 

Thall ium diethyl nitrate,—When the aqueous solution derived 
from the interaction of thallium diethyl chloride and silver nitrate is 
concentrated, white plates are deposited. This compound, which is 
the nitrate, is said by Ilartwig to explode a t 236° C, but this seems 
doubtful, considering that the nitrite does not decompose at 300° C. The 
compound is moderately soluble in water, with difficulty in alcohol, and 
insoluble in ether. 

Thall ium diethyl sulphate may be prepared by the same method as 
the nitrate, and crystallises in plates or needles, which are stated to 
explode above 205° i\ I t is soluble in water, ether, or alcohol. 

Thall ium diethyl phosphate crystallises in needles, exploding a t 
189° C. and easily soluble in water and alcohol, slightly soluble in ether. 

Thall ium diethyl chromate is deposited from aqueous solution in 
brilliant yellow plates, which are also very soluble in alcohol, but less so 
in ether. The chromate decomposes with violent explosion a t 193° C. 

Thall ium diethyl thiocyanate fonns small, colourless plates, 
1 Goddard, Tram. Chem, 5oc, 1022, 121, 37. 
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which are readily soluble in water or alcohol, but only slightly so in 
ether. The compound is quite stable up to 3003 C. 

Whilst the foregoing compounds were prepared by the action of 
silver salts on thallium diethyl halides, those now to be described 
were obtained by direct action of acid compounds on thallium diethyl 
hydroxide solutions.1 

Thallium diethyl acetate crystallises in short white needles, M.pt. 
232° to 233° C, and has a similar solubility to the corresponding methyl 
compound. Hartwig described an acetate which slightly blackened at 
212° C, and distilled unchanged at 245° C. 

Thallium diethyl trichloroacetate forms white, crystalline plates, 
which do not melt at 300° C. The salt is very soluble in water, alcohol, 
or acetone, but less so in light petroleum. 

Thallium diethyl propionate, M.pt. 228° to 229° C , occurs in fine, 
short needles, completely soluble in hot alcohol, ethyl acetate, toluene, 
or acetone, in cold pyridine or chloroform, moderately soluble in hot 
ether or carbon tetrachloride, and slightly soluble in light petroleum. 

Thallium diethyl valerate yields small needles, M.pt. 215° C, 
which are completely soluble in cold alcohol, ether, pyridine, chloroform, 
or hot carbon tetrachloride, moderately soluble in cold toluene, acetone, 
or ethyl acetate, and insoluble in light petroleum. 

Thallium diethyl n-hexoate forms transparent needles, half an 
inch in length, softening at 182° C. and melting at 190° C.; except 
for its solubility in light petroleum, it agrees in all respects with the 
valerate. 

Thallium diethyl n~octoate occurs as long, transparent needles, 
M.pt. 159° C, which exhibit similar solubility to the hexoate. 

Thallium diethyl lactate crystallises in small plates from alcohol, 
which decompose suddenly without melting at 207-5° C. The salt is 
soluble in cold water, acetone, or alcohol, and easily soluble in boiling 
chloroform, toluene, or ethyl acetate. 

Thallium diethyl p-nitrofoenzoate yields microscopic needles, 
M.pt. 213° C, which are completely soluble in cold pyridine, moderately 
soluble in alcohol or chloroform, slightly soluble in carbon tetrachloride, 
toluene, ethyl acetate, or acetone, and insoluble in ether or light petro
leum. 

Thallium diethyl p-iodobenzoate forms small white needles, 
decomposing with slight explosion at 220° C. and having a similar 
solubility to the p-nitrobenzoate. 

Thallium diethyl m-bromobenzoate yields small, white needles, 
which decompose with considerable gas evolution at 220° C , and with 
the exception of its insolubility in acetone, the compound resembles 
the mtrobenzoate. 

Thallium diethyl o-nitrophenoxide softens at 200° C. and melts 
with decomposition at 210° C.? crystallises from water in brilliant scarlet 
plates which are soluble in cold alcohol, ether, chloroform, acetone, or 
boiling toluene, and are insoluble in light petroleum. 

Thallium diethyl m-nltrophenoxide forms brownish-orange, 
oblong plates, M.pt, 190° C . after darkening at 194° C* The compound 
is less soluble in the above-named solvents than the ortho derivative-

Thallium diethyl p-nitrophenoxide crystallises from water in 
lemon-yellow, rhomboidal plates, darkening at 23B° C. and melting at 

* Goddar4 Tr*n*. Chem. Soc* im%7 i2i» 3& 
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238° C. I t is less soluble ht water than the ortho- and meta-compounds, 
only moderately soluble in alcohol, acetone, or chloroform, less soluble 
in ether, and insoluble in boiling toluene or light petroleum. 

Thallium diethyl 2 : 4«dinitrophenoxide forms brownish-orange, 
crystalline plates, M.pt. 174° 0. The salt is easily soluble in'hot pyridine, 
moderately soluble in alcohol, acetone, or ether, slightly soluble in 
chloroform or toluene, and insoluble in carbon tetrachloride or light 
petroleum. 

Thallium diethyl 2:6-dinitrophenoxide forms deep orange 
plates, sintering at 182° C. and melting with decomposition at 190° C. 
The salt is completely soluble in cold alcohol, ether, or acetone, giving 
yellow solutions in pyridine, ethyl acetate, chloroform, or hot toluene, 
fairly soluble in carbon tetrachloride, and insoluble in light petroleum.1 

Thallium diethyl 2 : 4 : 6-trinitrophenoxide crystallises from 
water in golden-yellow, oblong plates, which darken at 200° C. and 
melt with decomposition at 204° C. The salt is very soluble in water or 
cold alcohol, ether, chloroform, or acetone, moderately soluble in boiling 
toluene, and insoluble in light petroleum. 

Thallium diethyl 4 : 6-dinitro-2-aminophenoxide gives small, 
eannine-red plates, which have a metallic lustre and explode violently 
when moistened with fuming nitric acid. The salt darkens at 140° C, 
melts with decomposition at 159° €., and is moderately soluble in alcohol, 
acetone, or pyridine, slightly soluble in chloroform, ether, or toluene, 
and insoluble in carbon tetrachloride or light petroleum. 

Thallium diethyl hexanitrodiphenylamine crystallises in bril
liant carmine plates, having a violet reflex, M.pt. 2243 C. I t is soluble in 
cold alcohol, acetone, ether, pyridine or ethyl acetate, and insoluble in 
toluene, light petroleum, chloroform, or carbon tetrachloride. 

Thallium diethyl 4-nitrosophenoxide.—This salt is only isolated 
in the form of its acid salt, G10HuO3NTl.C6H4O2N. From water it is 
deposited in blue-black needles having a violet reflex, these crystals being 
completely soluble in pyridine , slightly soluble in acetone or alcohol, 
giving a brown solution in the latter, and insoluble in other organic 
solvents. 

Thallium diethyl 3-nitro-o-tolyloxide crystallises in deep red 
plates having a green reflex, M.pt. 190° to 191° C, and is easily soluble in 
cold alcohol, ether, chloroform, pyridine, or boiling toluene, moderately 
soluble in water or hot carbon tetrachloride, and slightly soluble in light 
petroleum. 

Thallium diethyl 4-nilro-m-tolyloxide gives pale red plates, 
darkening at 220° C. and exploding violently at 228° C. The salt is 
moderately soluble in alcohol, ether, or pyridine, slightly soluble in 
toluene, chloroform, or carbon tetrachloride, and insoluble in light 
petroleum. 

Thallium diethyl 6-nitro-m-tolyloxide, obtained in small 
lemon-yellow plates, darkens at 210° C, and melts with decomposition 
at 210-5° C. I t is easily soluble in cold pyridine, hot alcohol, or acetone, 
slightly soluble in ether or chloroform, and insoluble in carbon tetra
chloride, toluene, or light petroleum. 

Thallium diethyl 3-nitro-p-tolyloxide is deposited from aqueous 
solution in small, ruby-red, rhomboidal plates, having a green lustre. 
It softens at 200° C. and melts at 200° C, is easily soluble in hot 

1 GoddanJ, Tram, Chem. Soc, 1923, 123, 1167. 
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pyridine, moderately soluble in chloroform or toluene, slightly soluble 
in alcohol, ether, acetone, or carbon tetrachloride, and insoluble in 
light petroleum. 

Thal l ium diethyl 5-nitro-o-tolyIoxide.—This derivative is 
obtained in the form of its acid salt, CHH1S03XT1.C7H703NS which 
softens at 165° C. and melts to a red liquid at. ISl-B'" C. The salt 
crystallises in brownish-yellow plates, which are easily soluble in cold 
water, pyridine, warm alcohol, or acetone, moderately soluble in ether 
or chloroform, slightly soluble in toluene, and insoluble in carbon tetra
chloride or light petroleum. 

Thal l ium diethyl dini tro-o-tolyloxide crystallises in terra cotta 
plates, which blacken at 215° C. and explode with great violence at 
219° C. I t is completely soluble in cold pyridine or hot alcohol, ethyl 
acetate or acetone (giving yellow solutions in the two latter), moder
ately soluble in toluene, ether, or chloroform, and insoluble in earlxm 
tetrachloride or light petroleum. 

Thal l ium diethyl t r in i t ro-m-to iy loxide forms brilliant, yellow 
needles, which sinter at 203° C. and decompose with gas evolution at 
214° C. This compound has a similar solubility to the above dinitro 
derivative. 

Thal l ium diethyl dinitro-/?-naphthoxide crystallises in dull, 
greenish-yellow, microscopic, flat-ended blades which decompose at 
208° C. The salt is completely soluble in pyridine or acetone, moder
ately soluble in alcohol, giving a reddish-yellow solution, slightly soluble 
in chloroform, ethyl acetate, or ether, becoming bright yellow in the 
latter, and insoluble in carbon tetrachloride, toluene, or light petroleum. 

Thal l ium diethyl t r in i t ro -a -naphthoxide is deposited in orange 
plates from aqueous solution, these sintering at 213° C. and melting with 
decomposition at 220° C. I t is completely soluble in cold pyridine or 
acetone and hot ethyl acetate, moderately soluble in alcohol or ether, 
less so in chloroform or toluene, and insoluble in light petroleum or 
carbon tetrachloride. 

Thal l ium diethyl cc-nitroso-j3-naphthoxide crystallises from 
alcoholic solution in deep green needles which melt with decomposition 
at 217° C. I t is insoluble in light petroleum, and completely soluble in 
all other organic solvents, giving green solutions in alcohol or carbon 
tetrachloride, and brown solutions in other solvents. 

Thal l ium diethyl 2 : 4 - d in i t ronaphthoxide - 7 - sulphonate is 
obtained in pale orange needles which darken at 217° C , but do not 
melt at 280° C, These crystals contain 2 mols. of water of crystal
lisation, and are completely soluble in cold acetone or warm pyridine, 
moderately soluble in alcohol, slightly in carbon tetrachloride, and in
soluble in other organic solvents, the colour deepening in toluene-

Thal l ium dipropyl chloride is obtained by the action of magnesium 
n-propyl chloride on thallic chloride, the yield being 70 to 80 per cent, of 
the theory. The compound crystallises from dilute aqueous ammonia 
in glistening silver plates which decompose at 198° to 202° C. The 
bromide and iodide {M.pt. 183° to 185° C.) are isolated in the usual 
manner, and the hy&rohdphide is more easily obtained than in the 
methyl and ethyl series. 

Tha l l ium dipropyl hydroxide is prepared as for the eorrespondinf 
ethyl compound, but is only obtained as an oil, which does not solidify, 
and has not been analysed. 

VOL. x i . : i, W 
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T h a l l i u m d i - i sopropy l chlor ide decomposes at 150° C , and its 
nitrate is sparingly soluble in water. 

T h a l l i u m d i - n - b u t y l fluoride x is obtained from the corresponding 
bromide by treatment with silver fluoride. I t forms colourless needles, 
decomposing a t 220° to 240° C. when rapidly heated. In alcohols or 
water it is readily soluble, sparingly in ether. When treated in aqueous 
solution with dilute hydrochloric acid, the chloride is obtained. This 
crystallises from pyridine in thick plates, from n-propyl alcohol in thin, 
colourless plates. I t is sparingly soluble in water, and practically in
soluble in ether. When rapidly heated to 240° or 250° C. it explodes. 
The bromide crystallises in plates from pyridine or alcohols, is sparingly 
soluble in water and explodes at 240° to 250° C. The iodide forms 
plates which explode on rapid heating, but when slowly heated decom
pose a t 220° to 225° C , becoming first^brown, then yellow. I t is decom
posed by nitric acid with the separation of iodine. The sulphate is 
obtained from the carbonate, the latter being formed by the action of 
sodium carbonate on the fluoride. The sulphate crystallises in plates 
or needles, M.pt. 156° to 158° C , when placed in a bath previously heated 
to 150° C. I t explodes at 190° to 200° C. when rapidly heated. The 
nitrate forms thick plates from pyridine, and small needles from alcohols, 
which explode at 280° to 290° C. 

T h a l l i u m d i - i sobuty l chlor ide crystallises from hot alcohol, 
pyridine, or benzene, as well as cold ether, in long, glistening, colourless 
needles. The corresponding nitrate is a difficultly soluble, crystalline 
precipitate. 

T h a l l i u m d i - i soamyl chlor ide explodes a t 253° to 257° C , and the 
fluoride melts at 216° to 218° C. with decomposition. They have similar 
properties to the n-butyl compounds. 

T h a l l i u m d i - sec -bu ty l chlor ide explodes a t about 150° C. and 
crystallises in colourless needles or plates, the form depending on the 
solvent used. The nitrate crystallises in plates. 

Aryl Compounds of the Type R2T1X. 

T h a l l i u m diphenyl chloride.2—Sufficient dry ether is added to 5 
grams of triphenylbismuthine to effect solution, followed by 3-54 grams 
of thallic chloride in the same solvent. A white precipitate is 
immediately thrown down, and this is extracted with acetone until 
free from diphenylchlorobismuthine. The product after boiling with 
glacial acetic acid is recrystallised several times from pyridine. I t is 
thus obtained in colourless, microscopic needles, which do not melt 
at 300° C, and are slightly soluble in boiling glacial acetic acid, alcohol, 
ethyl acetate, or chloroform, and insoluble in ether, acetone, or light 
petroleum. 

The same product may also be isolated by the interaction of mercury 
diphenyl (1 mol.) and thallic chloride (1 mol.) in dry ether. In this 
case, any mercury phenyl chloride which may be formed is removed 
by extraction with benzene, then further purification is carriqd out as 
above. 

T h a l l i u m diphenyl bromide,3—10-3 grams of thallic chloride in 
1 Krause and Grosse, Ber., 1925, 58, [B], 1933. 
2 Goddard, Trans. CMm. Soc, 1922, I2i s 256. 
3 Goddard and Goddard, Trans, Chem. Soc, 1922, 121, 237. 
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dry ether are slowly added to a solution of 23-8 grams of bromobenzene 
and 3-2 grams of magnesium ribbon in the same solvent. The mixture 
is cooled in ice during the operation, and after the reaction has subsided 
the whole is heated on the water-bath for half an hour, cooled, and 
decomposed with water. After filtering, the dried residue is extracted 
with pyridine, when transparent, microscopic needles are obtained which 
do not melt at 300° C. These are further purified as in the case of the 
chloride, and are insoluble in alcohol, chloroform, benzene, acetone, 
light petroleum, acetic acid, or ethyl acetate. 

The fluoride melts at 305° to 310° C. with decomposition ; i t is easily 
soluble in hot water, insoluble in ether. 

Thallium di-o-tolyl chloride.—This compound is prepared by 
the action of thallic chloride on magnesium o-tolyl bromide, then boiling 
the product obtained with dilute hydrochloric acid. I t crystallises from 
pyridine in slender, microscopic needles, which do not melt at 300° C. 
and are insoluble in all organic solvents. 

Thallium di-p-tolyl chloride is isolated from the interaction of 
tri-p-tolylbismuthme and thallic chloride. I t crystallises from pyridine 
in small, transparent needles, which remain unmelted at 300° C. and are 
slightly soluble in alcohol or acetone, and insoluble in chloroform, light 
petroleum, toluene, or alcoholic ammonia. 

Thallium di-p-tolyl bromide is prepared as in the case of the 
corresponding phenyl compound. I t forms pale yellow needles, which 
do not melt at 300° C. and are insoluble in all organic solvents with the 
exception of pyridine. 

Thallium di-a-naphthyl chloride is a white, crystalline powder, 
unmelted at 300° C. and obtained from tri-a-naphthylbismuthine and 
thallic chloride. I t is fairly soluble in hot pyridine, slightly soluble in 
glacial acetic acid, ethyl acetate, chloroform, or alcohol, and insoluble 
in ether, acetone, benzene, or carbon tetrachloride. 

Thallium di-a-naphthyl bromide, prepared from magnesium 
a-naphthyl bromide and thallic chloride, is a fawn, crystalline powder, 
melting at 272° C. and is completely soluble in cold pyridine, insoluble 
in toluene. 

Thallium di-cyclohexyl chloride 1 crystallises in long, colourless 
needles, exploding at 210° to 230° C, is soluble in warm alcohol or 
benzene, insoluble in hot water or warm ether. 

Tha l l i um diphenyl oxide.2—The chloride (4-5 grams) and 20 
grams of potassium hydroxide, in a mixture of 30 c.c. of absolute alcohol 
and 20 c.c. of water, are heated under reflux for eight hours. The whole 
is then poured into water, the white flocculent mass thus obtained 
being washed free from potassium hydroxide. The oxide is a white, 
crystalline powder, unmelted a t 300° C , and is completely soluble 
in pyridine, slightly soluble in alcohol, chloroform, or water, and in
soluble in acetone, xylene, carbon tetrachloride, light petroleum, or 
ethyl acetate. 

Thallium diphenyl nitr i te 3 is obtained by boiling together 
thallium diphenyl bromide and silver nitrite in xylene solution for two 
and a half hours. The nitrite is deposited from pyridine in short, trans
parent needles, completely soluble in hot pyridine, slightly soluble in 

1 Krauae and Grosse, he. cit. 
2 Goddard and Goddard, Trans. Chem. Soc, 1922, 121, 4*6. 
3 Goddard and Goddard, ihid,, 487. 
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chloroform or alcohol, very slightly soluble in acetone, and insoluble in 
other organic solvents. 

Thall ium diphenyl nitrate has a similar crystalline form to the 
nitrite, is completely soluble in hot pyridine, very slightly soluble in 
boiling glacial acetic acid, water, or alcohol, and insoluble in other 
organic solvents. 

Thall ium diphenyl chromate crystallises from xylene in pale 
yellow, short needles which are completely soluble in pyridine and 
boiling glacial acetic acid, slightly soluble in acetone, and insoluble in 
water and other organic solvents. 

Thall ium diphenyl pyrophosphate crystallises from pyridine-
ether solution in short, microscopic needles which are completely 
soluble in pyridine, moderately soluble in boiling glacial acetic acid, 
less soluble in alcohol, ethyl acetate, or chloroform, and insoluble in 
acetone, ether, carbon tetrachloride, or light petroleum. 

Thall ium diphenyl acetate is obtained by treating the oxide with 
boiling glacial acetic acid, the evaporated solution depositing fine, trans
parent needles, M.pt. 262° C. The salt is completely soluble in hot 
pyridine, chloroform, toluene, ethyl acetate, or alcohol, moderately 
soluble in carbon tetrachloride or water, slightly soluble in ether or 
acetone, and insoluble in light petroleum. 

Thal l ium diphenyl acid propionate x forms fine silky needles from 
toluene, M.pt. 164° C, these being completely soluble in cold chloroform, 
hot alcohol, pyridine, ethyl acetate, or glacial acetic acid, fairly soluble 
in boiling water, and insoluble in ether or light petroleum. 

Thal l ium diphenyl acid valerate.—M.pt. 176° 0-> forms fine white 
needles from toluene, having a similar solubility to the propionate. 

Thal l ium diphenyl acid butyrate forms waxy needles, M.pt. 
170° C , when dissolved in acetone the addition of light petroleum 
precipitates the normal butyrate, M.pt. 230° C. 

Thall ium diphenyl acid n-hexoate forms feathery rosettes of 
needles from toluene, M.pt. 191° C ; the normal salt obtained similarly 
to the butyrate melts at 208° C. 

Thall ium diphenyl n-octoate is deposited from toluene in waxy 
needles, M.pt. 195° C, and is less soluble than the acetate. 

•Thallium diphenyl p-nitrobenzoate forms faint yellow, blunt-
ended needles, M.pt. 228° C , which are completely soluble in cold pyri
dine, hot acetone, toluene, or ethyl acetate, slightly soluble in alcohol or 
ether, and insoluble in light petroleum, chloroform, or carbon tetra
chloride. 

Thall ium diphenyl o-bromobenzoate forms cream, glistening 
plates, M.pt. 248° C , to a clear liquid. The compound is fairly soluble in 
chloroform, insoluble in ether or light petroleum, and completely soluble 
in other organic solvents. 

Thall ium diphenyl m-bromobenzoate crystallises from toluene 
in glistening plates, M.pt, 247° C , the solubility of this salt being slightly 
less than the ortho compound. 

Thall ium diphenyl o-nitrophenoxide.—This is obtained by the 
interaction of thallium diphenyl oxide and o-nitrophenol, and is a bright 
orange, crystalline powder which turns scarlet on heating, reverting to 
its original colour on cooling. I t melts to a blood-red liquid at 247° C , 
and is completely soluble in cold pyridine, fairly soluble in acetone or 

1 Goddard, Trans, Chem. Soc., 1923, 123, 1164* 
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alcohol, giving yellow solutions, slightly soluble in toluene (becoming 
scarlet), ether, or hot water, insoluble in light petroleum, carbon tetra
chloride, or ethyl acetate, being decolorised in the latter. 

Thallium diphenyl p-nitrophenoxide.— When thallium di-
phenylchloride, silver oxide, and p-nitrophenol are boiled in xylene for 
three hours, and the product extracted with water, ]emon-yellow 
needles of the above compound are obtained. I t melts with decom
position at 250° C , and only differs slightly from the ortho compound in 
solubility. 

Thallium diphenyl trinitro-m-tolyloxide forms yellow needles 
from water, melting with decomposition at 233° C. I t is completely 
soluble in cold pyridine or acetone, and warm alcohol, ether, or ethyl 
acetate, fairly soluble in chloroform, slightly soluble in water, carbon 
tetrachloride, light petroleum, or toluene, becoming orange in the latter. 

Thallium diphenyl a-nitroso-/?-naphthoxide crystallises from 
ether in microscopic, green needles, melting with decomposition at 238° C. 
The salt gives green solutions in alcohol, acetone, pyridine, toluene, or 
carbon tetrachloride, and is brown in other solvents, but differs from the 
corresponding ethyl compound in its insolubility in water. 

Thallium diphenyl trinitro-a-naphthoxide.—This salt crystal
lises in brilliant orange needles, which melt to a blood-red liquid at 
232° C. With the exception of its complete solubility in hot alcohol, 
it resembles the corresponding ethyl derivative. 

* 



* 

CHAPTER XII. 

ORGANOMETALLIC DERIVATIVES OF THE METALS 
OF GROUP IV. 

A CONSIDERABLE amount of work has been done during the past twenty-
years on the organic compounds of silicon, tin, and lead, and although 
the majority of the germanium derivatives are of recent date, this is 
probably due to the rarity and expense of this metal. 

Silicon, being a non-metal, forms many types of compounds which 
could not be expected from the other three elements. Like carbon, it is 
capable of forming both chain and ring compounds, but with this 
essential difference, that whereas the carbon compounds consist of 
carbon to carbon linkages, the silicon usually links itself alternately with 
oxygen. Examples of such arrangements of atoms are shown as follows, 
together with any relationships which may exist with similar inorganic 
compounds:— 

Ortkodisilicic Acid Type, H6Si207. 
HO—Si 0 Si—OH HO—Si O- Si—OH 

OH OH OH OH 
Orthotrisilicic Acid Type, H8Si3O10. 

Ph Ph Ph Ph 

HO—Si- -0- -Si- -0- -Si—OH 

OH OH 
HO—Si 0-

OH OH 
Si 

OH OH 
-0 Si—OH 

Ph Ph Ph Ph Ph Ph 
Orthotetrasilicic Acid Type, H10SidO ia. (Free acid unknown.) 

-Si—OH HO—Si- -0- -Si- -0- -Si- -0-

Ph Ph Ph Ph Ph Ph Ph Ph 
Germanium compounds corresponding to this tetrasilicic acid type 

are also known. Chain compounds which have corresponding cyclic 
anhydrides, formed by condensation and elimination of water, are given 
below : 

(HO)2SiPh2 

P h \ 
>Si 

Ph / 
O 

X>< 
Si< 

O 

/Ph 

\Ph 

H 

H 

,0v 

C 

compare 

w 
Ph Ph 

0 

X H 

O 
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HO.SiPh,.O.SiPh„.OH > S i 

XX JPh 
S i < 

\ P h 

PIK 

Ph-

O 

>Si 

o 

Si< 

O 

,Ph 

^Ph 

Caven x has also pointed out. that the oxychloride, Si404Cl8, may 
have a cyclic constitution, which has an organic analogue, 

0 
-SiCL .SiPh,—0—SiPh, SiCl2—0 

SiCl3—0—SiCV xSiPh 2—0—SiPh2 

0 0< O 

Silicon also resembles carbon in forming ketones of the type R.SiO.R, 
but the likeness between the two classes ends with the formula;. The 
following comparison has been drawn between the hydrocarbons and 
the silicon hydrocarbons :—2 

Hydrocarbon. 

Me3C.CMe3 
Me3C.Ph 
Me2C.EtPh 
Et3C.Ph 

Boiling-point. 
(760 mm.). 
106-0° C. 
168-2° C. 
189-0° C. 
2210° C. 

Silicon Hydrocarbon. 

Me3Si.SiMe3 
Me3Si.Ph 
MeaSi.EtPh 
Et3Si.Ph 

Boiling-point. 
(760 mm.). 
113-0° C. 
171-6° c. 
198-0° C. 
238-3° C* 

The gradation in melting-points and boiling-points in passing from 
silicon to lead, for some derivatives of the elements of Group IV., is 
shown in Table V..of the Appendix. 

Tin and lead differ from silicon in forming divalent and tervalent 
compounds, and tin also forms hydrides of the type SnR3II and SnR2H2. 
The tervalent compounds show true tervalency in dilute solution only, 
for if the molecular weights by the freezing-point methods are carried 
out with increasing concentration of solute, association appears to take 
p]ace. 

The only ring compounds formed by tin and lead are of the type 

R,M< 
-CH5 

X C H , — C H / 

and those derivatives containing two atoms of the same metal are shown 
by 

R3M.MR3; R3M(CH2)SMR3; R,Sn(CH2)10SnR3 

Cases are also known in this group in which two different metals are 
present in the same compound : 

Me3Sn(CH.)sPW\te3. Et3Si.C6H4.PbMe3; Et3Si.C6H,.SnEt3; 
Et3Si.C6H4.AsPh2 

1 Caven, this series, Vol. v. (1917), p. 203. 
* Bygd&i, Ber.r 1912, 45, 707. 
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SILICON. 

Most of the -work carried out on this element is due to Kipping and his 
co-workers, and the investigations are a model of patience and persever
ance. Although many of the substances formed appear as glue-like 
products, an enormous mass of information regarding the organic 
compounds of this element has been collected together. The following 
system of nomenclature for organic silicon derivatives is due to 
Kipping:—1 

The term silicane, used for silicon hydride, is maintained for 
analogous derivatives of CH4. The radicle SiH3 is termed silicyl, and 
corresponds to CH3, e.g. SiPhgCl, triphenylsilicyl chloride. Silicanol 
and silicanediol are used for hydroxy derivatives : 

SiH3,OH SiPh3OH SiH2(OH)2 SiPh2(OH)a 
Silicanol. Triphenylsilicanol. Silicanediol. Diphenylsilicanediol. 

The term silicone denotes analogues of ketones, e.g. SiEt20, diethyl-
silicone. Owing to the dissimilarity between the ethers and the corre-

sponding silicon compounds containing y>0, the term oxide is 
SK 

employed, thus : 
SiPh3v 

y° 
S i P h / 

is known as triphenylsilicyloxide. 
.The following names show how many molecules of silicanediol have 

condensed together, and how many molecules of water are eliminated in 
the process:— 

SiPh2OH SiPh2OH 

0 0 

SiPh2OH SiPh, 
AnhydrobisdiphenylsiHoanediol. 

o 

SiPhaOH 
Dianhydrotrisdipheaylsilicanediol. 

In order to show how it is possible to pass from one type of aliphatic 
compound to another, the scheme shown on opposite page has been 
drawn up, using the ethyl derivatives as examples. 

Alkyl Derivatives of the Type E.4Si. 

Tetramethylsilicane, Si(CH3)4.-~This compound is obtained by 
heating together zinc dimethyl and silicon tetrachloride in a sealed 

1 Kipping, Trans. Chem. 8oc„ 1912, IOI, 2106. 
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tube at 200° C.1 I t boils at 30° to 31° C. and is a clear liquid, lighter 
than water. When treated with excess of methyl alcohol at 250° C. for 
fifteen hours, the methyl ether is obtained as a colourless liquid, B.pt, 
121° to 126° C. ; density 1-0589. In 1911 Bygden 3 prepared tetra-
methylsilicane, using silicon tetrachloride and magnesium methyl 
bromide, and found its boiling-point to be 26° to 27° C. 

Tetraethylsilicane3 may be prepared by heating silicon tetra
chloride and zinc diethyl at 160° for three hours ; 4 or by the interaction 
of silicon triethyl ethyl ether, zinc ethyl, and sodium, these yielding the 
hydride SiH.(C2H5)3. This with bromine forms triethyl silicon bromide, 
and further action of zinc ethyl and sodium at 150° C. produce tetraethyl
silicane. I t may also be prepared by the Wurtz reaction,5 using silicon 
tetrachloride, sodium, and ethyl bromide. Tetraethylsilicane is a 
liquid, lighter than water, and it burns with a luminous flame, leaving a 
deposit of silica. Its boiling-point is variously given as 152° to 154° C.,'} 

and 151° to 153° C.7 With chlorine it gives triethylchlorethyjsilicane, 
(C2H5)3Si.C2H4Cl. 

Tetrapropylsilicane 8 is obtained along with tripropylsilicane by 
the action of zinc propyl on silicochloroform (trichlorosilicane) at 
120° to 150° C. The lower fraction is tripropylsilicane and the 
higher one tetrapropylsilicane. The reaction is probably represented 
thus : 

2SiHCl3+4Zn(C3H7)2-SiH(C3H7)3+Si(C3H7)4+3ZnCl2+Zn+C3H8 

The silicane may also be produced by the interaction of silicon tetra
chloride, propyl iodide, and zinc at 180° C. : 

SiCl4+4C3H7I+4.Zn=Si(CjH7)4+2ZnCI1+2ZnI2 

Tetrapropylsilicane is a colourless, almost odourless oil, which burns 
with a sooty flame, depositing silica; it is soluble in alcohol or ether, and 
insoluble in water or concentrated sulphuric acid. I t boils at 213° C.; 
density 0-7979 at 0° C, 0-7883 at 15° C. I t is not attacked by con
centrated sulphuric or nitric acids or by potassium hydroxide, but 
bromine on warming readily substitutes. The compound can be purified 
by the use of concentrated sulphuric acid, as was done in the case of 
tetraethylsilicane.9 Removal of tripropylsilicane and oxide is thus 
effected. 

Tetra-isoamylsilicane10 is obtained from silicon tetrachloride, 
sodium, and isoamyl chloride. An oily residue remains after distilling 
off the tetra-isoamylsilicane. I t is colourless, feebly fluorescent, boiling 
between 360° and 370° C, and is found to be silicon tri-isoamyloxide. 
Tetra-isoamylsilicane is a colourless, odourless liquid, B.pt. 275° to 
279° C, and miscible with alcohol and ether in all proportions. 

1 Friedel and Crafts, Annalen, 1865, 136, 203. 
2 Bygden, Ber., 1911, 44, 2640. 
3 Friedel and Crafts, Annalen, 1863, 127, 28. 
4 Ladenburg, Annalen, 1872, 164, 300. 
5 Kipping and Lloyd, Trans. Ghem. Soc, 1907, 79, 209. 
6 SViedel and Crafts, he. cit. 
7 Ladenburg, he. cit. 
8 Pape, Annalen, 1884, 222, 354. 
9 IViedel and Crafts, Ann. GMmt Phys., 1895, [4], 19. 

10 Taurke, Ber., 1905, 38, 1661. 
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Alkyl Derivatives of the Type R sSiR'. 

Triethylsilicane, (C2H5)3SiH.x—This is formed by the interaction 
of zinc ethyl, sodium, and siiicoheptyl ethyl ether. I t is a colourless 
liquid, boiling at 107° C, and of density 0-7510 at 0° C. I t is soluble 
in both alcohol and ether, but insoluble in water and in concentrated 
sulphuric acid. With fuming sulphuric acid it reacts according to the 
equation : 

2S iE t 8 H+2S0 3 = (E t 8 Si ) a O+H a O+2S0 2 

With bromine it forms triethyl silicon bromide. 
Tripropylsilicane 2 is produced by heating one part of silicochloro-

form (trichlorosilicane) and two parts of zinc propyl in a sealed tube at 
150° C. for six hours: 

2SiHCl3 +3ZnPr 2 =2SiHPr3 +3ZnCla 

The product obtained is a colourless oil. This is washed with water, 
then drted over calcium chloride and fractionated. Tripropylsilicane 
distils between 170° and 175° C. ; the residue is tetrapropylsilicane. 
Tripropylsilicane is a colourless, pungent, fuming liquid, and burns with 
a luminous, sooty flame. I t boils at 170° to 171° C., density 0-7723 at 
4° C, 0-7621 at 15° C , and is difficult to free from the tetrapropyl body. 
To prevent decomposition it should be distilled in a stream of hydrogen. 
The compound is easily soluble in alcohol or ether, but insoluble in water 
or concentrated sulphuric acid. With the latter, however, feeble oxida
tion occurs in the cold, with evolution of sulphur dioxide, and on warm
ing tripropylsilicon oxide is formed. 

Tri-isobutylsilicane may be prepared 3 by interaction of trichloro
silicane, isobutyl chloride, and sodium. I t is a colourless, odourless 
liquid, B.pt. 204° to 206° C. 

Tri-isoamylsil icane has been prepared in the same way as the 
above, using isoamyl chloride. I t is a feebly fuming liquid, B.pt. 245° C , 
soluble in alcohol or ether, and unattacked by water or potassium 
hydroxide. 

Trimethylethylsi l icane4 is obtained by the action of methyl 
magnesium bromide on trichloroethysilicane. The product is extracted 
with ether, washed with concentrated sulphuric acid, and on distillation 
boils between 62° and 70° C, the main portion distilling at 62-5° to 
63-5° C. 

Trimethyl-n-propylsil icane is prepared similarly to the above, 
using propyltrichlorosilicane. 

Trimethyl -n -butylsilicane.—It is first necessary to obtain 
n-butyltrichlorosilicane by the action of n-butyl magnesium bromide 
on silicon tetrachloride. The product, boiling at 147° to 151° C , is a 
liquid, fuming in moist air, and when treated with methyl magnesium 
bromide, trimethyl-n-butylsilicane is formed, B.pt. 115° C. 

Trimethyl -isobutylsilicane is difficult to obtain, because the 
isobutyltrichlorosilicane is troublesome to prepare. The methyl 
Grignard reagent gives trimethyl-isobutylsilicane, B.pt. 107-9° to 
108*2° C. 

1 Ladenburg, Annakn, 1872, 164, 300 a Pape, Annafon, 1884, 222, 354. 
3 Taurke, Bar., 1905, 38, 1661. 4 Bygcten, Ber„ 1911, 44, 2640. 
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Trimethyl-isoamylsilicane is prepared as the above two com

pounds, the starting-point being isoamyltrichlorosilicane.1 The body 
boils at 131° to 132° C. 

Triethylchloroethylsilicane, (C2H5)3SiCaH4Cl, may be obtained 
by 2 passing chlorine into tetraethylsilicane in water; hydrogen chloride 
is evolved, and a yellow oil separates. Two fractionations yield a 
liquid, B.pt. 185° Cf.? in small quantity, which is triethylchioro ethyl -
sili cane. 

Triethylacetoxyethylsilicane, (C2H5)3SiC2H4.O.CO.CH3. — The 
fraction, B.pt, 180° to 190° C, of the above triethylchloroethylsilicane 
when heated in a sealed tube with potassium acetate and alcohol for 
several hours at 180° C. yields a liquid, B.pt. 208° to 214° C. It has a 
faint ethereal and acetic acid odour, burns with a luminous flame, and is 
found to be the acetate. 

Triethylhydroxyethylsilicane is produced from the above when it is 
treated with dilute alcoholic potassium hydroxide at 120° to 330° C, and 
has been proved to be a liquid of the composition (C2Hfi)3SiC2H4OH. 
It boils at about 190° C. and is insoluble in wrater. 

Triethyl-n-propylsilicane3 is prepared in a similar manner to the 
corresponding trimethylsilicanes, using n-propyltrichlorosilicane 4 and 
ethyl magnesium bromide. The compound boils between 172-8° and 
178-2° C. I t is partly soluble in concentrated sulphuric acid, giving a 
product, B.pt. 160° to 225° C, and is therefore not homogeneous. 

Triethyl-n-butylsilicane is prepared 5 in the same manner as the 
above compound. I t boils at 190-6° to 191-6° C. 

Triethyl-isobutylsilicane, prepared as above, boils at 187° to 
187-2° C, and triethyl-isoamylsilicane boils at 204-6° to 205-6° C. 

Alkyl Derivatives of the Type R2SiRa\ 

Dimethyldiethylsilicane6 is obtained from diethyl silicon chloride 
(24-5 grams), using 2 mols. of methyl magnesium iodide. The chief 
fraction, B.pt. 95° to 96° C, weighs 6 grams. 

Dimethyldipropylsilicane is prepared in the same maimer as the 
above. I t boils at 140° to 142° C. 

Alkyl Derivatives of the Type R2SiR'R". 

Dimethylethyl-n-propyl-silicane.—It is first necessary to obtain 
ethyl-n-propylsilicon chloride, which may be formed by one of two 
methods. (I) From ethyltriehlorosilicane by replacing one chlorine 
with the propyl group. (2) From propyltrichlorosilieane by removing 
one chlorine and putting in an ethyl group. The latter method is 
utilised and the ethyl introduced by ethyl magnesium bromide, when 
live fractions are isolated. The one, B.pt. 152° to 154° C3 gives the 
best analysis. This fuming liquid, Et.Pr.SiCl2, with methyl mag
nesium bromide gives the desired compound, B.pt. 120° to 122° C. 

Dimethylethyl-isobutylsilicane is prepared in a similar manner to 
1 Melser, Bar., 1908, 41, 3392. 
2 Friedel and Crafts, Annahn, 1866, 138, 19. 
3 Bygden, Ber„ 1912, 45, 707. 
4 Melser, Ber., 1908, 41, 3390. 
5 Bygden, he. cit. 
8 Bygd&a, Ber., 1911, 44, 2640. 
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the above, using isobutyltrichlorosilicane and ethyl magnesium bromide. 
The ethyl-isobutyl silicon chloride thus formed, with methyl magnesium 
bromide gives a product, B.pt. 137° to 139° C. 

Alkyl Derivatives of the Type R3SiX. 

Triethylchlorosil icane, (CaHB)3SiCl, is obtained x by the inter
action of silicon triethyl ethyl ether and acetyl chloride, t hus : 

(C2H5)3SiOC2H5+CH3COCl=(C2H5)3SiCl+CHaCO.OC2H5 

This reaction requires a sealed tube and a temperature of 380° C. 
Triethylchlorosilicane boils at 143° to 145° C, has density at 0° C. 
0-9249, is only slowly decomposed by water, and with silver nitrate pre
cipitates silver chloride, Triethyl silicol is formed by the action of 
ammonia, and triethyl silicon oxide is produced with water. 

Triethylbromosil icane is formed by the action of bromine on 
triethylsilicane. I t boils at 161° C, is slowly decomposed by water, 
and the bromine is easily replaced by hydroxyl by aqueous potassium 
hydroxide or sodium carbonate. By treatment with zinc ethyl and 
sodium at 150° C. tetraethylsilicane is produced. 

Triethyl silicon acetate is formed when acetic anhydride is allowed 
to react with silicon triethyl ethyl ether in a sealed tube at 250° C.: 

(C2H5)3SiOC2H5+(CH3CO)20-(C2H5)3SiO.CO.CH3+CH3.CO.OC2H5 

Tripropylbromosi l icane . 2 — When 1 mol. of tripropylsilicane 
is treated with 1 mol. of bromine and cooled, hydrobromic acid is 
evolved. The reaction is allowed to finish on the water-bath and goes 
smoothly, giving a good yield. On fractionation the product obtained 
is a yellow, fuming oil, B.pt. 213° C. which decomposes slowly in the air, 
evolving hydrobromic acid. With water it slowly changes, while 
aqueous ammonia completely converts it to tripropyl silicol, B.pt. 
205° to 208° C, and a little tripropylsilicon oxide. 

Tr ipropyl silicon acetate is obtained from the bromide by the 
action of dry silver acetate, cooling being necessary from time to time : 

Pr3SiBr+AgC2H302=Pr3Si.C2H302+AgBr 

The body is a colourless oil, B.pt. 212p to 216° C, slowly changing in 
air to tripropyl silicol and acetic acid. 

Tr i - i sobuty lbromosi l icane 3 is prepared by the bromination of 
tri-isobutylsilicane. I t is a yellow, fuming liquid, heavier than water, 
B.pt. 245° C. 

Tr i - i soamylbromosi l icane , obtained in the above manner, boils 
at 278° to 280° C., and has similar properties to the preceding body. 

Alkyl Derivatives of the Type- R2SiX2. 

Diethyl silicon dichloride was prepared by Ladenburg 4 by treating 
silicon diethyl ether with benzoyl chloride at 250° C. The body is iden
tical with that obtained by the action of hydrogen iodide on silicon 

1 Ladenburg, Annalm, 1872, 164, 300. 
2 Pape, Annalen, 1884, 222, 354. 
3 Taurke, Ber., 1905, 3S, 1661. 
4 Ladenburg, loc. cit. 
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diethyl ether, or by using ethyl magnesium bromide and silicon tetra
chloride.1 The separation of the compound is, however, difficult, owing 
to formation of the three chloro-derivatives, whose boiling-points lie 
very close together. Diethyl silicon chloride is a colourless liquid, 
fuming in air and boiling at 128° to 130° C. With water it yields diethyl 
silicone, (C2H5)2SiO, which is a syrupy body,- easily soluble in ether, 
but difficultly soluble in alcohol. This silicone polymerises, giving a 
compound of high molecular weight. 

Dibromoethyl silicon dichloride, (CH2Br.CH2)2SiCl2, is produced 
by heating together a mixture of two molecular proportions of ethylene 
bromide with 1 mol. of silicon tetrachloride dissolved in ether, and 
four molecular proportions of sodium and a little ethyl acetate. The 
product is a dark brown oil.3 Doubt has recently been expressed as to 
the existence of this compound.3 

Alkyl Derivatives of the Type RSiXa. 

Ethyl silicon trichloride, C2H5SiCl3, is prepared from silicon 
ethyl triethyl ester and benzoyl chloride by heating them in a sealed 
tube at 300° C.4 

SiEt(OEt)3+3PhCOCl-EtSiCl3+3PhCOOEt. 

The liquid, B.pt. about 100° C, fumes considerably in moist air, 
and with water gives silicopropionic acid and hydrogen chloride. The 
trichloride has also been obtained from silicon tetrachloride, using the 
ethyl Grignard reagent.5 I t is a pale yellow, fuming liquid, B.pt. 97° 
to 103° C. 

Propyl silicon trichloride6 is formed by the action of propyl 
magnesium bromide on silicon tetrachloride, and is a clear, colourless 
liquid, B.pt. 123° to 125° C. In preparing the chloride all traces of 
moisture must be absent. It has a penetrating odour and fumes in 
the air. By allowing the liquid to drop into ice-water, the acid, PrSiO. 
OH, is obtained, and with anhydrous alcohol the trichloride gives 
silicon propyl triethyl ester, PrSi(OEt)3. 

Isoamyl silicon trichloride is produced in a similar manner to the 
above, and is a colourless, transparent, fuming liquid with a penetrating 
odour. It boils at 46° C. at 9 mm., and has a density of 1-066. Its 
reactions are the same as the propyl compound. 

Alkyl Derivative of the Types R3Si(OH) and R3Si(OR). 

Triethylsilicol, (CaH6)3Si.OH, is isolated7 by treating triethyl 
silicon acetate with sodium carbonate solution: 

2(C2H5)3SiO.CO.CH3+Na,C03+H20=2(C2H5)3Si.OH+2NaO.CO.CH3 

+ C 0 2 
1 Martin and Kipping, Trans. Chem, Soc, 1909, 95, 302. 
2 Hart, Jahresber., 1889, p. 1943. 
s Widdowson, J. Chem. 80c., 1926, p. 958. 
4 Ladenburg, Annahn, 1872, 164, 300. 
5 Kipping, Trans, Chem, Soc, 1907, 91, 209. 
6 Melzer, £&>., 1908, 41, 3390. 
7 Ladenburg, he. cit. 
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I t may also be prepared by the action of aqueous ammonia on 
triethy] silicon chloride: 

(C 2 H 5 ) 3 SiCl+NH 3 +H 2 0-(C 2 H 5 ) 3 Si .OH+NH 4 Cl 

Another method of preparation consists in heating silicon triethyl 
ethyl ether with concentrated sulphuric acid and precipitating the pro
duct with water. The silicol is a colourless liquid with a strong camphor
like odour, B.pt. 184° C, density 0-8709 at 0° C, insoluble in water, but 
miscible with ether or alcohol. I t burns with a dazzling flame, leaving 
a deposit of silica. If heated with sodium, hydrogen is evolved, 
and when carbon dioxide is passed into the ethereal solution and the 
solvent then evaporated, the sodium salt of triethyl silicon carboxylic 
acid, (C2H5)3SiCOOXa, is left. The following represent further reactions 
of triethyl silicol:— 

(C 2 H 5 ) 3 SiOH+S0 3 =C 2 H 5 SiO.OH+2C 2 H 4 +H 2 +S0 2 
(Nordhausen sulphuric 

acid.) 

(C2H5)3Si.OH HI, B.pt. 127° C. (C2H5) aSiO +C 2 H 6 

At 200° 0. 

2(C2H5)3Si.OH P2O5 ; [ (C 9 H.) n Si ] ,Q+H,Q 

Silicon triethyl ethyl ether or Silicoheptyl ethyl ether, (C2H5)3 
Si(OC2H5), is obtained x by the interaction of zinc ethyl, sodium, and 
silicon diethyl diethyl ether. (CaH^S^O.CciHs).,. I t is a colourless 
liquid, B.pt. 153° C, density 0-8414, 0-8393, 0-8403 at 0° C, insoluble in 
water, miscible with alcohol or ether, and stable in air. Acetyl chloride 
acting on the compound gives rise to triethyl silicon chloride. 

Tripropylsilicol, (CH3CH2CH2)3SiOH,2 may be prepared in two 
ways: 

1. From tripropyl silicon acetate by long boiling with 30 per cent. 
sodium carbonate only gives a small yield, a contrast to the formation 
of triethylsilicol. The poor yield is probably owing to the following 
reaction taking place :— 

2Si(C3H7)3O.CO.CH3+Na2C03-Si20(C ; iH7) e+2NaO.CO.CH3+C02 

2. When tripropyl silicon bromide is treated with aqueous ammonia 
the following two reactions occur simultaneously, so that the yield is 
little better:— 

(C3H7 )3SiBr + N H 3 + H 2 0 =Si (C3H7 )3OH +NH 4 Br 
2(C 3H 7 ) 3SiBr+2NH 3+H 20=:Si 20(C 3H 7 ) 6+2NH 4Br 

Tripropyl silicol is a colourless, fuming oil, and is glycerine-like in 
consistency. I t is lighter than water and insoluble in it. I t dissolves 
in alcohol ox ether and has a boiling-point of 206° to 208° C. When 
warmed with sodium, hydrogen is easily evolved and an amorphous 
mass remains, which is no doubt the alcoholate, since on warming with 
water the silicol is regenerated together with sodium hydroxide. 

1 Ladenburg, lot. cit. 
2 Pape, Antiahn, 1884, 222, 354 



256 ORGAKOMETALLIC COMPOUNDS. 

Tri-isoamylsilicol, (CgHj^SiOH,1 is formed by the action of 
aqueous ammonia on tri-isoamyl silicon bromide: 

(CsHiOaSiBr+NH^H-CCsHiJgSiOH+NH^r 

I t boils at 269° to 270° C, has a penetrating smell, and is lighter than 
water. Metallic sodium dissolves in it with hydrogen evolution, prob
ably forming the sodium derivative (C5Hu)3SiONa. 

Alkyl Derivatives of the Types R2Si(OR)2 and R2Si(OR).HaI. 

Silicon diethyl diethyl ether, (C2H5)2Si(OC2H5)2, is obtained by 
allowing silicon tetraethyl ester, Si(OC2H5)4, to interact with sodium and 
zinc ethyl.2 The ether produced is a colourless, fuming liquid, B.pt, 
155-8° C,; density at 0° C. 0-8752. I t is stable in air, insoluble in water, 
soluble in ether or alcohol, and unattacked by ammonia. 

Diethylchlorosilicon ethyl ether, (C2H5)2Si(OC2H5)Cl, is pre
pared from the above by the action of acetyl chloride. It boils at 146° 
to 148° C. and burns with a green flame, leaving a residue of silica. 

Alkyl Derivatives of the Type RSi.(OR)3. 

Methyl triethoxy silicon or Orthosilicoacetic acid triethyl ester, 
CH3Si(OC2H5)3,

3 is formed by the interaction of tetraethoxysilicon, 
Si(OC2H5)4, 15 grams, and 10 grams of zinc methyl at 320° C, then 
800° C. The tubes are opened occasionally to allow escape of gases. 
I t is a liquid, B.pt. 146° to 151° C., density at 0° C. 0-9283, and is 
insoluble in water. With ammonia or heating with hydrogen iodide, 
methyl monosilicic acid, CH3SiO.OH, is formed. 

Ethyl trimethoxy silicon, C2H5Si(OCH3)3, is prepared from tetra-
methoxysilicon, zinc ethyl, and sodium. I t is a liquid, B.pt. 125° to 
126° C, density at 0° C. 0-9747. 

Ethyl triethoxy silicon, C2H5Si(OC2H )3, is isolated in the above 
manner from tetraethoxysilieon.4 Another method of preparation is 
from triethoxy silicon chloride, using sodium and zinc ethyl. The 
reaction mixture gives a colourless liquid with a camphor-like odour, 
B.pt. 158-5° C., density at 0°C. 0-9207; it is insoluble in water, but 
miscible with alcohol and ether. I t is not completely decomposed by 
alcoholic potassium hydroxide or ammonium hydroxide, but is broken 
up by concentrated sulphuric acid.5 

Propyl triethoxy silicon or Ethyl orthosilico-butyrate, C3H7Si 
(OC2H5)3,6 is formed from propylsilicon trichloride by the use of 
absolute alcohol, and is a colourless liquid with an aromatic odour, 
B.pt. 177° to 179° C, density a t0° C. 0-8945. 

Isoamyl triethoxy silicon is produced in the same manner as the 
above compound from isoanrylsilicon trichloride. The liquid is pleasant 
smelling and boils at 195° to 200° C, density at 0° C. 0-9338. 

1 Taurke, Ber., 1905, 38, 1661. 
& Ladenburg, Annakn, 1872, 164, 300. 
8 Ladenburg, Annakn, 1874, 173, 148; Ber., 1873, 6, 1029. 
4 Ladenburg, Annakn, 1872, 164, 300. 
5 Friedel and Ladenburg, Annakn, 1871, 159, 259. 
6 Melzer, Ber., 1908, 41, 3391. 
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Alkyl Derivative of the Type Si(OR)3Hal. 

Chlorotriethoxysilicon, SiCl(OC2H5)3.1—This is prepared accord
ing to the following equations :—• 

1. Si(OC2H5)4+CH3COCl-SiCl(OC2H5)3+CH3COOCoH5 

2. SiCl4+8Si(OCja5)4=4SiCI(OC9Ha)a 

3. SiCl,+3C2H56H=SiCl(OC2H5)3+3HCl 

The last reaction requires absolute alcohol, and a sealed tube at 160° 
C. for several hours. 

The compound is a liquid, B.pt. 156° C. With sodium ethyl it forms 
ethyltriethoxysilicon: 

SiCl(OC2H s)3+NaC2H s=NaCl+C3H sSi(OC2H5)3 

Alkyl Derivatives of the Type (R3Si)20. 

Triethyl silicon oxide or Bis-(triethyImonosilyl)-ether,[(C2H5)3 
Si]30, may be prepared by several methods,2 and the reactions are 
represented by the following equations :—• 

1. 2 (C 2 H 5 ) 3 Si (OC 2 H 6 )+2HI^(C 2 H 5 ) 3 Si -0-S i (C 2 H 6 ) 3 

+ 2 C , H 5 I + H 2 0 
2. 2(C2H5)3Si(OH) P«05 ; [ (CJ l5)*Si ] a O+H a O 

3. 2(C 2H 5 ) 3Si0C 2H 5+H 2SO,-[(C 2H 5 ) 3Si] 2O+2C 2H 5HSO 4+H 2O 
(fuming) 

4. 2(C2H5)3SiCH-2KOH=[(C2H5)3Si]20+2KCl+H20 
(aqueous) 

I t is also obtained from bis-(trichloromonosilyl)-ether, Cl3Si— O— SiCl3, 
by the action of zinc e thyl : 3 

Si2Cl6O+3Zn(C2H5)2-[(C3H5)3Si]20+3ZnCl2 

One molecule of silicon oxychloride is treated with the theoretical 
quantity (3 mols.) of zinc ethyl in a sealed tube at 180° C. for a 
prolonged period. The zinc ethyl disappears, and after treating the 
product with concentrated sulphuric acid an oil is obtained, which after 
washing and drying gives a main fraction distilling between 230° and 
235° C. This is purified by several further fractionations and gives an 
analysis for triethyl silicon oxide. The compound is a colourless syrup, 
B.pt. 231° C , density at 0° C. 0-8590. I t is soluble in concentrated 
sulphuric acid, and may be precipitated unchanged by the addition of 
water. 

Tripropyl silicon oxide or Bis-(tripropylmonosilyl)-ether, 
[(C3H7)3Si]20, is prepared from tripropylsilicane by the action' of fuming 
sulphuric acid. The product is poured into well cooled water, when a 
yellowish oil separates, which is taken up with ether and dried over 
calcium chloride.4 The oxide is also produced as a by-product from 

1 Friedel and Ladenburg, Ber., 1870, 3> 15 ; Annalen, 1871, 159, 259. 
2 Ladenburg, Annalen, 1872, 164, 300. 
3 JdViedel and Ladenburg, Annalen, 1868, 147, 355. 
4 Pape, Ann^kn^ £884, 222, 354. 

V O L . x i . : iT 17 
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tripropylsilicon bromide, when preparing the silicol with ammonia. 
I t is formed along with the silicol when tripropyl silicon acetate is 
acted on with aqueous sodium hydroxide. The oxide is a yellow, almost 
odourless oil, soluble in alcohol or ether, and boils between 280° and 
290° C. 

Tri - i soamyl silicon oxide, [(CsH^^Si^O, is produced 1 in the 
preparation of tetra-isoamylsilicane from silicon tetrachloride, sodium, 
and isoamyl chloride. I t is contained in the oily residue which distils 
at 860° to 370° C. It has a glycerine-like consistency and is feebly 
fluorescent. 

Alkyl Derivatives of the Type R2SiO. 

Diethylsilicone or Diethylsilicon oxide, (C2H5)2SiO, is formed 
from silicon diethyl diethyl ether, which must first be converted into the 
dichloride, for which purpose benzoyl chloride is used at 250° C. With 
water the silicone is formed : 

(C3H5)2SiCla+H20-(C2H s)2SiO+2HCl 

Martin and Kipping2 prepared diethyl silicon dichloride in order 
to see if when decomposed with water a hydrol, (C2H5)2Si(OH)2, was 
formed, corresponding to dibenzylsilicanediol. I t was found, however, 
that the silicone, (C2H5)2SiO, was formed, which then polymerised, 
giving a compound with a high molecular weight; the body was not 
analogous to the corresponding ketone.3 The oxide is a syrup, insoluble 
in water, sparingly soluble in alcohol and easily soluble in ether. I t does 
not solidify at —15° C, and distils below 300° C. without decomposition. 

Alkyl Derivatives of the Type R.SiO.OH. 

Methylsiliconic acid or Silico-acetic acid, CH3.SiO.OH.—This 
compound is obtained 4 in the following manner: Tetraethoxysilicon, 
15 grams, and 10 grams of zinc methyl are heated in a sealed tube to 
120° C.3 opening the tube at various intervals to allow escape of gases. 
The final heating should reach 300° C, and the liquid is then fraction
ated. Methyl triethoxy silicon or orthosilico acetic acid triethyl ester, 
B.pt. 146° to 151° C, is thus formed: 

Si(OC2H5)4+Zn(CH3)2-CH3Si(OC2H5)3+ZnCH3(OC2H5) 

This is then decomposed by aqueous ammonia or by boiling with 
hydrogen iodide, B.pt. 127° C, giving methylsiliconic acid, which is a 
white, amorphous powder, leaving a residue of silica when burned. 

Ethylsiliconic acid or Silico -propionic acid is obtained from 
ethyl triethoxy silicon 5 using benzoyl chloride at 300° C.: 

SiC2H5(OC2H5)3+3C6H5COCl-C2H5SiCl3+3C6H5COOC2H5 

The trichloride is decomposed by water, giving the acid and hydrogen 
1 Taurke, Ber., 1905, 38, 1661. 
2 Martin and Kipping, Trans. Gkem. Soc„ 1909, 95, 302. 
3 Robison and Kipping, Trans. Chem. SQQ.Z 1908, 93, 4a& 
4 Laden burg, Annalen, 1874, 173, 143, 
5 LadenWg, ibid., 1872, 164, 300. 
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chloride. Ethyl triethoxy silicon or ethyl trimethoxy silicon with hydro
gen iodide or aqueous ammonia yields ethylsiliconic acid: 1 

C 2 H 5 Si (OC 2 H 5 ) 3 +3HI-C 3 H 5 .S iO.OH+3C 2 H 5 I+H a O 

This equation represents the most convenient method of preparation.2 

I t may also be isolated when Nordhausen sulphuric acid reacts with 
triethylsilicol: 

( C 2 H 5 ) 3 S i ( O H ) + S 0 3 = C 2 H 5 S i 0 . 0 H + 2 C 2 H 4 + H 2 + S O 2 

The acid is an amorphous powder. 
Propyls i l iconic acid or Si l ico-butyr ic acid is produced by allow

ing propylsilicon trichloride to drop into ice-water.3 I t is insoluble in 
the usual solvents, and is a hard, solid mass, which can be ground into 
a powder which is infusible. 

Isoamyls i l iconic acid or Sii ico-hexoic acid is prepared in the 
same way as the above body. I t is a hard, brittle solid, with no definite 
melting-point, and is easily soluble in alcoholic potassium hydroxide, 
ether, benzene, or chloroform, but is sparingly soluble in alcohol. 

Alkyl Derivatives of the Type R3Si—SfR3. 

Hexame thy l s i l i coe thane 4 is formed from silicon hexachloride, 
Si2Cl6, by methyl magnesium bromide. I t boils at 112° to 114° C. 

Hexae thy l s i l i coe thane 5 is prepared by the interaction of silicon, 
hexa-iodide and zinc diethyl. I t is a liquid, B.pt. 250° to 253° C , having 
a density of 0-8510 at 0° C. and 0-8403 at 20° C. 

Aromatic Derivatives. 

Table I. on next page shows the modes of passing from one compound 
to another, using the phenyl derivatives as examples. 

Table I I . shows the condensation products obtained from diphenyl-
silicanediol, and similar compounds are obtained from dibenzylsih-
canediol. 

Aryl Derivatives of the Type R4Si. 

Te t rapheny ls i l i cane , (C6H5)4SL6—This is prepared according to 
the equation, 

SiCl 4 +4C 6 H 5 Cl+8Na=Si(C e H 5 ) ,+8NaCl 

in the following manner. Sodium granules, 23 grams, are slowly added 
to 20 grams of silicon tetrachloride, 56*2 grams of chlorobenzene and a 
little ethyl acetate in anhydrous ether. I t is necessary to cool during the 
reaction, and after shaking several hours the deep blue powder is filtered 
off and washed with dry ether. Four-fifths of the filtrate is then 
distilled off, and a white, crystalline powder obtained, which after 

1 Ladenburg, Ber„ 1872, 5, 1081. 
2 Ladenburg/^wfc. Pharm., 1872, 164, 300. 
3 Melzer, Ber., 1908, 41, 3390. 
* Bygd6n, Ber., 1912, 45, 707. 
8 Eriedel and Ladenburg, Ann. Chim. Phys., 1880, [5], 19. 401; Annalen, 1880, 203, 

251. 
6 Polis, Ber., 1885, 18, 1540. 
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washing with hot water and drying is crystallised from benzene.1 

The compound belongs to the tetragonal system. It melts .at 233° 
C, and boils without decomposition above 530° C. It has a density 
of 1-078 at 20° C. In the above preparation of silicon tetraphenyl 
a by-product is produced in small quantities,2 M.pt. 148° C, and 
this is triphenylsilicol, identical no doubt with that from the 
decomposition of triphenylchlorosilicane with water, M.pt. 139° to 
141° C> 

Tetra-p-tolylsilicane, Si(C6H4CH3)4, is produced in the same way 
as silicon tetraphenyl, but using p-bromotoluene. It forms colourless, 
transparent crystals, M.pt, 228° C, density 1*0793 at 20° C., readily 
soluble in hot benzene and sparingly soluble in chloroform or ether. 

Tetra-m-tolylsi l icane is similarly prepared from m-bromotoluene.3 

I t forms long prisms, M.pt. 150-8° C, density 1-1188 at 20° C. 
Tetrabenzylsilicane is prepared by using benzyl chloride. The 

reaction is not so vigorous as with chlorobenzene, and after some time 
the product is warmed on a water-bath before filtering. After washing 
the residue with dry ether and distilling off the latter, a fuming oil 
remains, which when treated with ligroin yields a white, crystalline 
powder. This is recrystallised from warm ether and melts at 127-5° C. 
I t is easily soluble in benzene or chloroform, fairly soluble in warm 
ether, but sparingly soluble in alcohol. The yield is not so good as in 
the case of the preceding compounds, dibenzyl being produced, and 
probably a benzyl silicon chloride, B.pt. 160° to 180° C. Tetrabenzyl
silicane distils unchanged above 550° C. 

Tetranitrophenylsilicane3 is prepared by nitrating silicon tetra
phenyl. Ten parts of this compound are cooled in ice and salt mixture 
and 60 parts of fuming nitric acid with 80 parts of concentrated sul
phuric acid slowly added in small quantities. The product is filtered 
through glass-wool, then poured into a large volume of water while 
stirring. A snow-white precipitate is formed which is dried in the air 
at room temperature. When dry it is a pale yellow compound, M.pt. 
93° to 105° C, easily soluble in benzene, chloroform, or hot acetic acid, 
and insoluble in alcohol or light petroleum. It explodes above its 
melting-point. 

Triphenylmethylsilicane4 is prepared by the action of magnesium 
methyl iodide on triphenylsilicon chloride, and heating the product at 
130° C. for three hours. It is recrystallised from petroleum ether and 
melts at 67° to 67-5° C. 

Phenyltrimethylsilicane5 is obtained from phenyl silicon tri
chloride by interaction with methyl magnesium bromide, and boils at 
171-5° to 171-7° C. It is a transparent, highly refractive liquid, with a 
characteristic odour. 

Benzyltrimethylsilicane occurs from the interaction of benzyl-
trichlorosilicane and methyl magnesium bromide. It boils at 191-2° to 
191-4° C, is isomeric with phenyldimethylethylsilicane and is a colour
less liquid, having a strong odour resembling anisole.5 

1 Polis, Ber„ 1886, 19, 1012. 
2 Kipping and Lloyd, Proc. Ghent. Soc, 1899, 15, 174; Trans. Ohem. Soc, 1901, 79 

449. ' 
3 Polis, he. cit. 
4 Marsden and Kipping, Trans. Ghem. Soc, 1908, 93, 198, 
5 Bygden, Sir., 1912, 45, 707. 
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Triphenylethylsilicane is formed by the action of zinc ethyl on 
triphenylsilicon bromide.1 Two products are formed, triphenylethyl
silicane and triphenylsilicane ; the first is soluble in cold acetone, and 
the second soluble only with difficulty. Triphenylethylsilicane forms 
plates, M.pt. 72° to 74° C.a I t may also be prepared from triphenyl
silicon chloride, using excess of ethyl magnesium bromide,3 

Phenyltr ie thylsi l icane 4 is produced when phenylsilicon trichloride 
and zine ethyl, in equal quantities, are heated in a sealed tube for one 
hour at 150° C. The gas pressure in the tube is then released and the 
heating continued at 160° C. and finally at 165° C. After treating 
the product with water, and then hydrochloric acid, an oil is formed 
which is taken up in ether, washed, dried, and distilled. The product, 
B.pt. 230° C, is phenyltriethylsilicane, a colourless, faintly fuming liquid, 
soluble in ether and insoluble in water. I t burns with a sooty flame and 
has a density of 0-9042 at 0° C. Diphenyldiethylsilicane, B.pt. 305° 
to 315° C, is formed as a by-product: 

2Si(C2H5)3(C6H5) = (C6H5)2Si(C2H5)2+Si(C2H5)4 

Phenyltriethylsilicane gives the following reactions:—5 

1. C 6 H 5 Si(C 2 H 5 ) 3 +HN0 3 -C 6 H 4 N0 2 .S i (C 2 H 5 ) 3 +H 2 0 
2. C 6H 5Si(C 2H 5 ) 3+H 2S0 4=C 6H 4HS0 3 .Si (C 2H 6 ) 3+H 20 
3. C 6 H 6 Si(C 2 H 5 ) 3 +H 2 S0 4 - (C 2 H 6 ) 3 SiOH+C 6 H 5 .S0 3 H 

Hot. 
4. C6H sSi(C2H5)3+Cl2 =C6H4Cl.Si(C2H5)3+HCl 

The above chlorine substitution product (4) boils at 260° to 265° C, 
density 1*0185 at 0° C , is insoluble in water, has a faintly aromatic odour, 
and burns with a green flame, leaving a deposit of silica.6 

Diphenyldimethylsilicane is obtained by acting upon dichloro-
diphenylsilicane with an excess of magnesium methyl iodide. I t boils 
at 176° to 178° C. at 45 mm.7 

p-Bromophenyltriethylsilicane s is formed from ethyl magnesium 
bromide and p-bromophenyl silicon trichloride. I t boils at 149° C. at 
14 mm., and has a density of 1-1643 at 21° C. The magnesium com
pound of the silicane reacts with acetaldehyde and higher aldehydes to 
form derivatives of the type Si(C2H5)3.C6H4.CHR.OH (see Appendix, 
Table VIA) . 9 

p-Chlorophenyltriethylsilicane 10 is prepared as above. I t is a 
colourless, faintly fuming oil, B.pt. 137° C. at 14-5 mm. ; density 0-9971 
at 18° C. 

1 Ladenburg, Ber,, 1907, 40, 2274. 
2 Marsden and Kipping, Trans, Chem. Soc, 1908, 93, 198. 
3 Marsden and Kipping described the compound as forming rhomboidal prisms, M.pt. 

76° C, soluble in ether, chloroform, benzene, ethyl acetate, acetone, or light petroleum, 
moderately soluble in alcohol and insoluble in water. 

4 J'riedel and Ladenburg, Annakn, 1871, 159, 259,. 
5 Ladenburg, AnnaUn, 1874, 173,160. 
6 Bygd6n (Ber., 1912, 45, 707) obtained phenyltriethylsilicane from phenylsilicon 

trichloride and 4-2 mols. of ethyl magnesium- bromide, and found its boiling-point to lie 
between 238*2° and 238-4° 0. 

7 Kipping, J. Chem. JSoc, 1927, p. 104. 
8 Grtittner and Krause, Ber., 1917, 50, 1559. 
9 Grtittner and Cauer, Ber., 1918, 51, 1283. 

10 Bygden, loc. c& 
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p-Iodophenyltriethylsilicane is formed from the magnesium 
compound of p-bromophenyltriethylsilicane, (C2H5)ySi.C6Hil.MgBr:) by 
the action of iodine. I t boils at 165° C. at 13 mm. ; density 1-3342 
at 16° C. 

p-Chlorophenyltri-n-propylsilicane is obtained from p-chloro-
phenylsilicon trichloride and n-propyl magnesium chloride. I t is an oil 
with a faint odour, B.pt. 160° C. at 14 mm. ; density 0-9663 at 14° C. 

The refractivities of the above compounds are shown in Table VI. 
of the Appendix. 

Phenyldimethylethylsilicane, (CH3)2(C2H5)(C6H5)Sis
1 is best pre

pared from phenylethylsilicon dichloride, which is obtained according 
to the equation : 

C2H5SiCl3+C6H5MgBr-(€aH5)(C6H5)SiCl2+MgClBr 
(1 mol.) (1-1 mol.) 

By the action of methyl magnesium bromide on the above dichloride, 
the desired silicane is produced, B.pt. 197-6° to 3 98-6° C. The product 
is not quite pure. 

Benzylethyldipropylsilicane2 is obtained from benzylethyl-
propylsilicon chloride by the action of magnesium propyl bromide. I t 
boils at 280° C, and is a colourless, mobile liquid. It is converted into 
benzylethyldipropylsilicane sulphonic acid, (C2H5)(CsH7)2.Si.CH2.CeH4. 
S03H. by chlorosulphonic acid in chloroform solution. The l-menthyl-
amine salt, Si.C2H5(C3H7)2CH2.C6H4SO3H.C10H19NH2, prepared from 
the ammonium salt, is a colourless solid. The cinchonidine salt melts at 
194° to 195° C, and has the value [<X]D —72°. The cinchonidine hydrogen 
salt melts at 222° to 224° C. The quinine salt has a melting-point of 
175° C, and [CI]D —112-3°. The quinine hydrogen salt melts at 223° 
to 224° C. The Z-menthylamine, cinchonidine, and quinine salts are 
very similar to the corresponding salts of <fl-benzylmethylethyl-
propylsilicane sulphonic acid, which seems to point to the fact that 
the latter are merely mixtures of their optically isomeric components. 

Dibenzylethylpropylsilicane 3 is prepared by the interaction of 
benzylethylpropylsilicon chloride and magnesium benzyl chloride. The 
body is easily acted on by chlorosulphonic acid, like all silicon hydro
carbons containing a benzyl group. Sulphonation under suitable 
circumstances gives a mono acid which is usually accompanied by a 
disulphonic acid. Dibenzylethylpropylsilicane is a colourless liquid, 
lighter than water. I t is miscible with most organic solvents, and has 
a violet fluorescence. The 1-menthylamine salt, 

C6H5CH2.Si.C2H5.C3H7.CH2.C6H4.SO3H.C10H19NH2.2H2O 

crystallises from moist petroleum ether in plates, and is similar to the 
corresponding salt of the monosulphonic derivatives of benzylmethyl-
ethylpropylsilicane. 

Phenylmethylethylpropylsilicane 4 is produced by the action of 
methyl magnesium iodide on phenylethylpropylsilicon chloride. It is a 
mobile liquid, B.pt. 228° to 230° C, and is decomposed by sulphuric acid, 
giving apparently benzene and methylethylpropylsilicol. 

1 Bygden, Ber., 1912, 45, 707. 
2 Marsden and Kipping, Proc. Chem. Soc, 1908, 24, 12; Trans. Chem. Soc, 1908, 
8 Challenger and Kipping, Trans. Chem. Soc, 1910, 97, 142. 
* Kipping, Proc. Chem. Soc, 1905, 21, 65; Trans. Chem. Soc, 1907, 91, 209-
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Phenylbenzyle thylpropyls i l icane is prepared by the action of the 
benzyl Grignard reagent on phenylethylpropylsilicon chloride. The com
pound is a colourless, highly refractive liquid, lighter than water, B.pt. 
249° to 251° C. at 100 mm., and is readily decomposed by sulphuric acid, 
giving benzene and benzylethy]propylsilicol or the corresponding ether, 
(Si.C2H5.C3H7.C6H5CH2)20. When this decomposition product of 
phenylbenzylethylpropylsilicane is heated with sulphuric acid it 
undergoes sulphonation, but only one acid of the several formed has 
been separated. I t seems to have the composition 

Si.C2H5.C3H7.OH.CH2.C6H4.SOsH 

Benzylmethylethylpropylsilicane is prepared in the same way 
as the corresponding phenyl compound, using methyl magnesium iodide 
and benzylethylpropyl silicon chloride.1 I t is a mobile liquid, B.pt. 177° 
C. a t 100 mm. Sulphuric acid a t 130° C. sulphonates the body, forming 
a mixture of acids, two of which have been separated in the form of their 
l-menthylamine salts. Analysis apparently points to one being derived 
from benzylethylpropylsilicolsulphonic acid, and therefore its formula is 

C3H5.C3H7.Si(OH).CH2C6H4.SO3H.C10H19NH2 

Being only produced in small quantity, it has not been very thoroughly 
investigated. The salt crystallises in prisms, M.pt. 210° to 212° C. 
The second l-menthylamine salt has the composition, 

Si(CH8)(C2Hs)(C3H7)CH2.C6H4.SO3H.C10H19NH2 

and can be more readily formed by sulphonation of benzy lmethylethyl-
propylsilicane with chlorosulphonic acid. I t crystallises with 2 mols. 
of water' of crystallisation from wet petroleum ether, and the dehy
drated salt melts at 122*3° C. The l-menthylamine, quininei cinchoni
dine, cinchonine, narcotine, and several other salts of the above dl-
silicane sulphonic acid have been fractionally crystallised under different 
conditions, but no indication of resolution of the acid has been observed. 

Benzylethylpropylisobutylsil icane2 is obtained from benzyl-
ethylpropylsilicon chloride by isobutyl magnesium bromide, and is a 
colourless liquid resembling a hydrocarbon, B.pt. 282° to 283° C. I t 
is sulphonated by chlorosulphonic acid, as in the case of the previous 
compound containing more closely related groups, and the l-menthyl
amine salt obtained. After fractionally crystallising this it cannot be 
resolved. Several other salts have been made using active bases. The 
extreme fractions of the hydrogen salts of quinine, cinchonine, and 
cinchonidine have been investigated, but, except for the last case, the 
melting-points and specific rotations of these fractions of a given salt 
are identical within limits of experimental error. In the cinchonidine 
hydrogen salt two fractions investigated are t h u s : most readily 
soluble fraction, [ O ] D + 6 1 * 6 0 ; sparingly soluble, [a]D+72-7°. One 
crystallisation from ethyl acetate and methyl alcohol gives results 
+57-1° and 73-8°, and the decomposition points of the fractions are then 
identical (220° to 223° C ) . The next most readily soluble fraction 
gives +62-5°, and the decomposition point is the same as the above. 

1 Kipping, Proc. Ghent. J3oc, 1905, 21, 65 ; 1907, 23, 83 ; Trans. Chem. Soc, 1907, 
92, 717. 

2 Kipping and Davies, Proc. Chem. Soc, 1909, 25, 9 ; Trans. Chem. Soc, 1909, 95, 68. 
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Further results have failed to show resolution. Possibly they are 
resolved under certain conditions, but the enantiomorphous relationship 
between the two optically active acids is difficult to establish. 

Aryl Derivatives of the Type R3SiX. 

Triphenylchlorosil icane, (C6H5)3SiCl, is prepared 1 from tetra-
phenylsilicane and phosphorus pentachloride: 

(C6H6)4Si+PCl5=(C6H5)3SiCl+C6H5Cl+PCl3 

I t forms colourless crystals, fuming slightly in air, M.pt. 88° to 89° C. 
This substance may be distilled under reduced pressure without de
composition, but hydrogen chloride is evolved when it is distilled at the 
ordinary pressure. I t is readily soluble in light petroleum anhydrous 
ether, benzene, chloroform, or carbon bisulphide, but m absolute alcohol 
it yields the corresponding ester. The chloro-compound undergoes 
rupture at the phenyl-silicon linking when treated with metallic sodium 
in liquid ammonia. Triphenylchlorosilicane combines with 2 mols. oi 
ammonia, giving a product which on decomposition yields tnphenyl-
silicylamine, M.pt. 55° to 56° C.2 

Triphenylbromosil icane 3 is obtained by warming tetraphenyi-
silicane with the molecular quantity of bromine on a water-bath, then 
10 per cent, bromine is added and the whole heated to 150 C. for eight 
or ten hours. 

(C6H5),Si+Br2 = (C6H5)3SiBr+C€H5Br 
The residue is treated with ligroin, the solvent distilled off, and the 
bromobenzene removed in vacuo, when impure bromide remains. ^ I t 
forms colourless, small needles, fuming slightly in air, M.pt. 118 to 
120° C, and is easily decomposed by water or alcohol. I t is readily 
dissolved by ether or hot benzene, but is difficultly soluble m ligroin. 
The yield is about 30 per cent. 

Triphenylsilicon acetate, (C6H5)3Si.OCOCH3, is produced by 
boiling triphenylsilicol with acetyl chloride.4 I t forms colourless 
prisms, M.pt. 91° to 92° C. o 

Tribenzylchlorosi l icane5 crystallises in prisms, M.pt. 141 C., 
B.pt. 300° to 360° C. at 100 mm. Water decomposes it into tribenzyl-
silicol. 

Diphenylethylchlorosilicane is obtained by working up the by
product, B.pt. above 240° C, in the preparation of phenylethylsilicon 
dichloride, which is isolated from phenyl magnesium bromide and ethyl 
silicon trichloride. I t is a colourless liquid, B.pt. 206° to 208° C. at 50 mm. 
The corresponding methyl compound boils at about 180° to 195° C. 

Dibenzylethylchlorosilicane occurs in the preparation of benzyl-
ethyl silicon dichloride, using benzyl magnesium chloride on ethyl 
silicon trichloride.6 I t is a colourless oil, fuming in moist air, and is 

1 Polis, Ber., 1886, 19, 1012. 
2 Kraus and Rosen, J. Amer. Chem. JSOC, 1925, 47, 2739. 
3 Ladenburg, Ber., 1907, 40, 2274. 
* Kipping and Lloyd, Proc. Chem. Soc, 1899, 15, 174; Trans. Chem. Soc, 1901, 

79, 449. 
5 Marsden and Kipping, Proc. Chem. 80c, 1908, 24, 25 ; Martin and Kipping, Trans. 

Chem. 80c, 1909, 95, 302. 
6 Kipping, Proc. Chem. 80c, 1905, 21, 65 ; Challenger and Kipping, Trans. Chem. Soc, 

1910, 97, 142. 
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approximating to the formula (C6H5SiO)20. For derivatives from the 
trichloride and magnesium p-bromophenyl bromide (see Appendix, 
Table V I A ) . 1 

p-Chlorophenyl-sil icon trichloride2 is obtained from silicon 
tetrachloride and the magnesium compound of p-chlorobromobenzene. 
I t is a colourless oil, B.pt. 105° C. at 15 mm., and is hydrolysed by water 
to the '* so-called siliconic acid," an amorphous powder. 

p-Bromophenyl silicon trichloride is similarly prepared from 
the magnesium compound of p-dibromobenzene and silicon tetra
chloride. I t is a faintly fuming oil, B.pt. 120° to 125° C , and is also 
hydrolysed by water. With alcohol it forms esters of the type 
C6H4.Br.Si(OK).j (see Appendix, Table V I A ) . 3 

p-Tolyl silicon trichloride.4—Tetrachloro-silicane and mercury 
di-p-tolyl are heated in sealed tubes at 300° to 320° C, when the above 
compound occurs as a strongly refractive, fuming liquid, B.pt. 218° to 
220° C. I t is found to be decomposed by water, giving a compound 
having the apparent composition C7H7Si02II, and this when heated at 
200° l \ seems to be transformed into the Otvide, (C7II7Si0)2O. 

Benzyl silicon trichloride 5 is produced when benzyl magnesium 
chloride is allowed to interact with silicon tetrachloride. I t is a 
transparent, strongly fuming liquid, with a powerful odour, density 
1-2834, B.pt. 94° to 9C° C. at 11 mm. 

a-Naphthyl silicon trichloride is produced in the above manner 
and is similar to the preceding compound, density 1*3760, B.pt. 165° to 
170° C. at 22 mm. 

Aryl Derivatives of the Type R3Si(OH). 

Triphenylsilicol, (Ccll s)3Si(OII ),6 is formed from triphenylehloro-
siiicane by boiling with water and a little ammonium hydroxide. I t is 
also produced from the bromide by potassium hydroxide solution at 
120° C. I t is easily soluble in alcohol, ether, chloroform, or benzene, 
and may be crystallised from acetone, M.pt. 139° to 141° C. (Polis), 
148u to 150° C (Ladenburg). The compound is also prepared by 
treating the silicone, (06He)aSiO, with the Grignard reagent.7 Pre
pared thus it crystallises in prisms, M.pt. 150° to 151-5° (1 (Marsden 
and Kipping). 

Triphenylsilicol trisulphonic acid, (CflH4SOsH)3Si(OII), is made 
by gently warming one part of the above silicoi with six parts of fuming 
sulphuric acid. When it is all dissolved, the solution is poured into cold 
water, neutralised with barium carbonate, then gently warmed and 
filtered from barium sulphate. Evaporation of the filtrate yields the 
barium salt in white flakes. 

Trisulphonate of trinitrophenylsilicol.--The above compound 
is nitrated, using five parts of fuming nitric acid, whilst strongly cooling 

1 Gruttner and C&uor, Iier.t 1918, 51, 1283. 
2 Grttttner and Krause, Iter., 1917, 50, 1/559. 
3 Griittner and Cauer> loc cit. 
* Ladenburg, Annakn, 1874* 173, 1(10 ; Ber.t 1874, 27, 803. 
5 Molzer, Ber., 1008, 41, 3890; Martin and Kipping, Trans. Okem. Soc, 1909, 95, 

302. 
• Polis, Ber.t 1886, 19, 1012; Ladenburg, Jier., 1907, 40, 2274. 
7 Kipping and Lloyd, Proc. Ghem. 8oc, 1899, 15, 174=; Marsden and Kipping, Trans. 

Chem. 8oc,r 1908, 93, 198. 
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the mixture. The product is poured into cold water, partly evaporated 
to remove some of the nitric acid, then again diluted and neutralised* 
with barium carbonate. An intense yellow solution is formed, this after 
filtration and evaporation yielding the barium salt of the compound as 
yellow crusts, which are recrystallised from water. 

Phenylmethylethylsilicol.1—Phenylethylsilieone is first prepared 
from phenylethyl silicon dichloride by hydrolysis, and the silicone then 
allowed to interact with methyl magnesium iodide. The product is 
contained in the fraction boiling at 115° C. at 17 mm. I t is a colourless, 
mobile liquid, practically insoluble in water, and on standing slowly 
passes to the oxide which produces a turbidity. 

Phenyldiethylsilicol is also prepared from the silicone, as in the 
case of the previous compound. I t boils at 165° C. at 60 mm. With 
water it is slowly decomposed, probably yielding phenyldiethylsilicyl 
oxide. 

Phenylethylpropylsilicol2 is formed from phenylethylpropyl silicon 
chloride by treating it with p-toluidine in dry ether. The ether 
is distilled off and the residue warmed with sodium, then fractionated. 
I t has similar properties to the above, and boils at 250° C. 

Tribenzylsil icol3 is prepared from benzyl silicon trichloride, which 
with cold water yields benzyl meta-silicic acid. This, with a large 
excess of benzyl magnesium chloride, and heating the reaction mixture 
to 220° C, gives the silicol, the dibenzyl being removed by steam-dis
tillation. The remaining pasty mass is extracted with ether, and the 
silicol distilled at 250° to 300° C. at 20 mm. The fraction solidifies and 
is crystallised from chloroform and light petroleum, M.pt. 104° C. The 
yield is only 5 grams from 14 grams of the acid. I t has also been pre
pared using excess of Grignard reagent,4 or from tribenzylchloro-
silicane using moist alcohol.5 

Dibenzylmethylsilicol is formed from dibenzylsilicone, M.pt. 98° C.? 
using ethereal methyl magnesium iodide and heating at 200° C. for one 
hour after distilling off the ether. An oily product is isolated, which 
mostly distils between 240° and 242° C. at 60 mm. 

Dibenzylethylsilicol is obtained also as an oil, and passes spon
taneously into dibenzylethyhilicyl oxide, M.pt. 54° C. 

Benzyldiethylsilicol is isolated from benzylethylsilicone by 
gradually adding it to the ethyl Grignard reagent (1-5 mols.). The 
residue is finally heated to 190° C. for an hour, then treated when 
cold with water. The oil is extracted with ether, and 60 per cent, 
comes over at 165° C. at 40 mm. I t is a colourless liquid, miscible 
with most organic solvents and decomposes slowly to oxide, deposit
ing globules of water, and becoming cloudy. With acetyl chloride 
this silicol does not give the corresponding chloride, as in the case of 
tribenzylsilicol. 

Benzylethylpropylsilicol may be obtained by two methods : 

1 Kipping and Hackford, Trans, Ohem. 8oc, 1911, 99, Z38. 
2 Kipping, Trans. Chem. JSoc, 1907, 91, 209. 
3 Kipping and Hackford, Proc. Ohem. Soc, 1911, 27, 8 ; Trans. Chem. 80c, 1911, 99, 

138. 
4 Dilthey and EduardoS, Ber., 1905, 38, 4132. Diltliey and Eduardoff give the 

melting-point 106° 0., and describe the body as crystallising from alcohol in long, 
colourless needles. 

5 Bobison and Kipping, Trans. Chem,. Soc, 1908, 93, 439. 
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1. By the decomposition of benzylethylpropylchlorosilicane with 
water.1 Two products result, one possibly being the ether, 

(CGilr,ClL1.CM5.Csll7.Si)20 

B.pt. 255° C. at 25 mm., but the principal product is the silicol., B.pt. 
155° C. at 25 mm. The silicaue used in the preparation is formed from 
benzylethyldichlorosilicane and propyl magnesium bromide. 

2. From benzylethylsilieone, C6H5CH3.CJi5.Si05 and propyl mag
nesium bromide. The mixture is heated to 190° C, then decomposed by 
water.2 

Bcnzylcthylpropylsilicol is easily sulphonated, giving two acids at 
least. The ammonhvm salt of one seems to show it is derived from the 
acid of constitution, 

(\li5.C:fII7.Si(OH).CH.,C6H,iSO;JH 

but molecular weight determinations indicate polymerisation or con
densation. Sulphonation of the pure oxide, using chlorosulphonic acid, 
appears to give similar acids to those obtained from the silicol, the 
constitution being 

C2HS C2H5 

SOyll.CJl.CIIa.Si-O-Si.CHaCsII.SOgH 

L3H7 L3H7 

Benzylethylisobutylsilicol3 is formed when the corresponding 
chloride is treated with water. It boils at 162° to 164° C. at 25 mm. In 
each case, when the chloride, oxide, or silicol is sulphonated, the product 
is a mixture from which the dl-sxoid, sulphobenzylethylisobutylsili<%jl 
oxide is isolated as its hmenfhylamine salt, 

[Si.CaII6.C1IIB.CIIa.C,IIlSO3H]aO.2C10HaiN.4HaO 
M.pt. 240° to 245° C. and [a]» —14-7° in methyl alcohol solution. 

Aryl Derivatives of the Type R2Si{OH)2. 
Diphenylsilicanediol and its condensation products have been 

studied by Kipping with interesting results.* I t maybe prepared from 
S grams of silicon tetrachloride and 17 grams of phenyl magnesium 
bromide in the following manner; -fi 

During addition of the tetrachloride the mixture is carefully cooled, 
and then allowed to remain at room temperature until the greenish 
precipitate does not increase. Then the product is decomposed with 
ice-water, extracted with ether, and the solvent distilled off. The 
residue on crystallisation from benzene gives a 25 to 30 per cent, yield 
of the diol, which forms glistening needles, M.pt. 188° to 139° C. I t 
is easily soluble in ether or chloroform, but sparingly soluble in ligroin. 

* Kipping, Proc. Ohem. Soc, m)8, 21, m; Trans, Ghem. Soc, 1907, 91, 717. 
2 Kipping and Haokford, Tram. Ohem. Soc., 1911, 99, 138. 
s Luff md Kipping, Proc Ohem, Nor., 1008, 24, 224; Trans. Ohem, Soc, 1908, 93, 

2004. 
4 Kipping, Proc. Ghem. 80c, 1912, 28, 243, 244, 245; Tram, Ohem. Soc, 1912, xox, 

2108; Kipping and Robison, Proc Ohem. Soc, 1913, 29, 374; Tram, Ghem. Soc, 1914, 
105, 484. 

* Dilthoy and B4w4off, Bm, 1904, 37. H3». 



272 ORGANOMETALLIO COMPOUNDS. 

I t may be dried at 100° C. without decomposition. Further heating at 
a higher temperature causes elimination of 1 mol. of water, but the 
remaining mass is gelatinous and has no definite melting-point, being 
probably diphenylsilicone, (C6H5)2Si0.1 

The diol is also formed by the action of dilute ammonium hydroxide 
or water on diphenylsilicon dichloride.2 

Kipping in 1912 prepared the compound from diphenylsilicon 
dichloride and water, but it was difficult to obtain it pure. Dilute 
ammonium hydroxide on the dichloride gives only a small proportion 
of diphenylsiiicanediol. When the dichloride is slowly added to 5 per 
cent, potassium hydroxide (4 mols.), slight heat is developed, and 
on feebly acidifying with acetic acid a white paste is formed, which 
when freshly precipitated is soluble in potassium hydroxide but changed 
during filtration and no longer soluble. 

Some air-dried specimens show a melting-point of 105° to 110° C , 
effervescence being due to steam. Attempts to purify the diphenyl
siiicanediol show it to be usually decomposed in ether, or ethyl acetate. 
Occasionally, however, it has been thrown down from solvents as a 
lustrous powder or imperfect prisms, and an oil remains in the mother-
liquor. The melting-points vary, and this is probably due to traces of 
acid in the solvents, rather than removal of impurity by them. A trace 
of hydrochloric acid in a solution of diol usually causes a rise in melting-
point to about 145° C. On this account crystallisation is carried out 
with ether at ordinary temperature, and the ethereal solution allowed 
to float on water containing a trace of potassium hydroxide. In this 
case diphenylsiiicanediol is obtained as lustrous prisms, completely 
soluble in potassium hydroxide and decomposed at 115° to 118° C. with 
effervescence. Another means of purification is to dissolve the com
pound in acetone, then to dilute with a small proportion of water. The 
liquid is milky, and after standing a few days the diol separates, and is 
filtered, the milky liquid going through. The crystals are washed free 
from oil with chloroform. This operation is repeated until there is 
no milkiness, and then the pure diol is obtained after one more crystallisa
tion with hot ethyl acetate or acetone. 

Diphenylsiiicanediol forms long, colourless needles or prisms which 
often exceed 20 mm. in length. I t sinters at 125° Cv, and becomes liquid 
with effervescence at 128° to 132° C. I t is practically insoluble in water 
or light petroleum, only sparingly soluble in cold chloroform, and very 
moderately soluble in boiling benzene. I t easily dissolves in hot ether, 
ethyl acetate, or acetone. The diol is stable at ordinary temperatures, 
but its isolation is difficult owing to its sensibility towards alkalis, acids, 
and other reagents. The crystal measurements are shown in Table 
VII. of Appendix. 

Diphenylsiiicanediol in the presence of acids or alkalis very easily 
undergoes condensation. This accounts for the glue-like substances 
obtained in the preparation of the diol from diphenyl silicon dichloride by 
various methods, and they consist of a mixture of any of the four follow
ing condensation products :— 

1. Anhydrobisdiphenylsi l icanediol , 
HO.Si.(C6H5)2.O.Si(C6H5)2.OH. 

1 Kipping and Lloyd, Trans. CUan, Soc, 1901, 70, 441L 
2 Martin, Ber., 1912, 45, 403. 
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2. Dianhydrotrisdiphenylsilicanediol, 
HO.Si(C6PI5)3.O.Si(C6H5)2.O.Si(CcH5)2.OH 

3. Trianhydrotrisdiphenylsil icanediol, 

0<( >Si(CGII5)2 

4. Tetra-anhydrotetrakisdiphenylsil icanediol , 

xSi(C aH 8 ) a .O.Si(C eH 5 ) / 

When diphenylsilioanediol is heated at 140° to 180° C. it loses 
approximately 1 mol. of water and yields mainly trianhydrotris-
diphcnylsilicanodioL In addition, a small amount of tetra-anhydro-
tetrakisdiphenylsilicanediol is produced, and also an oil, easily soluble 
in petroleum ether containing a little chloroform. It is proved not to 
be diphenylsilicone, which at first it seems likely to be, for a small 
quantity of dianhydrotrisdiphenylsilicancdiol is isolated. Steam-
distillation gives no diphenylsilicone in the distillate. Part of the oily 
product appears to consist of anhydrobis- and dianhydrotris- diphenyl-
silicanediol. 

When diphenylsilicanediol undergoes condensation in acetone solution 
in the presence of a trace of piperidinc, crystals of tetra-anhydrotetrakis-
diphenylsilicanediol, M.pt. 200° C, are deposited, togetherwith a small 
amount of a colourless powder, probably a condensation product more 
complex than the above. 

Diphenylsilicanediol in acetone containing a little ammonium hydrox
ide gives an oil at ordinary temperatures, which, when crystallised 
from chloroform and light petroleum, yields anhydrobiscliphenyl-
silicanediol, M.pt. 113° C, and soluble in 5 per cent, potassium hydroxide. 
Another experiment carried out in the same way gave a compound, 
M.pt. 31*2° C, insoluble in potassium hydroxide solution. It was 
dianhydrotrisdiphenylsilicanediol. The products here are not closed 
chain condensation bodies. 

Anhydrohisdiphenylsilieanediol. The crystals deposited from a 
mixture of chloroform and light petroleum give the measurements shown 
in Table VIII, of the Appendix. 

The action of piperidinc on anhydrohisdiphenylsilieanediol is to give 
tetra-anhydrotetrakisdiphenylsilieanediol and some trianhydrotrisdi-
phcnylsilicanediol, together with a powder consisting possibly of highly 
complex condensation products. The action of piperidine, besides 
causing condensation, also brings about hydrolysis of the anhydro
hisdiphenylsilieanediol, giving diphenylsilicanediol, and this then con
denses forming a small quantity of trianhydrotrisdiphenylsilicanediol. 

Anhydrohisdiphenylsilieanediol changes after a time in the presence 
of hydrochloric acid in methyl alcohol solution, giving a small quantity 
of oil. The solvent is allowed to evaporate at ordinary temperature and 
the process repeated. The oil is washed with alcohol, and the sub
stance when crystallised from ethyl acetate yields prisms of trianhydro-
trisdiphenylsilicanediol, M.pt. 188° C. No tetra-anhydro compound is 
detected. The hydrochloric acid therefore does not cause condensa-

VOL. XI. : i. 18 
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tion, but hydrolyses the anhydrobisdiphenylsilicanediol to the diphenyl
sihcanediol, which then condenses to give trianhydrotrisdiphenyl-
silicanediol. 

Diaiihydrotrisdiphenylsilicanediol, deposited from chloroform and 
light petroleum, gives the crystal measurements shown in Table IX. of 
Appendix. 

The action of piperidine on dianhydrotrisdiphenylsilicanediol is to 
give tetra-anhydrotetrakisdiphenylsilicanediol, while some trianhydro-
trisdiphenylsilicanediol is probably produced. 

Experiments seem to show that piperidine on diphenylsihcanediol, 
anhydrohis- and dianhydrotris- diphenylsihcanediol give as principal 
product tetra-anhydrotetrakisdiphenylsilicanediol. 

When hydrochloric acid is added to a methyl alcohol solution of 
dianhydrotrisdiphenylsilicanediol, an oil separates, which on evapora
tion at the ordinary temperature yields a crystalline residue. Recrystal-
lisation from ethyl acetate gives prisms of trianhydrotrisdiphenyl-
silicanediol, M.pt. 188° C. 

Trianhydrotrisdiphenylsilicanediol, a closed chain compound, is 
hydrolysed by potassium hydroxide, giving as final product the potas
sium derivative of diphenylsihcanediol. On evaporating off the alcohol 
and adding a slight excess of acetic acid to the residue the diol is de
posited. The following equation represents the reaction when hydro
lysis is stopped at a very early stage of its development:— 

0 < >Si(C6H5)2+H20=HO.Si(C6H8)2O.Si(C(iH5)2.OSi(Ct)H5)«,OH 
\S i (C 6 H 5 ) 2 0 / 

0*25 gram of the trianhydro-compound is dissolved in a mixture of 
acetone and a little ether, then (0-05 gram) 3 per cent, aqueous sodium 
hydroxide added. In less than half a minute this is acidified with 
dilute acetic acid and the solvents evaporated rapidly at the ordinary 
temperature. The oily residue is next treated with alcohol, filtered, and 
again evaporated at the ordinary temperature, and tlie oil after crystal
lisation from a mixture of chloroform and light petroleum gives pure 
dianhydrotrisdiphenylsilicanediol. 

Trianhydrotrisdiphenylsilicanediol, /ike the corresponding benzyl 
compound, is hydrolysed by hydrogen chloride into the open chain 
compound dianhydrotrisdiphenylsilicanecliol. This hydrolysis is re
versible. Piperidine on the trianhydrotris-derivative gives tetra-
anhydrotetrakisdiphenylsilicanediol mixed with unchanged product. 

Crystals of trianhydrotrisdiphenylsilicanediol deposited from ethyl 
acetate solution have been measured, and the results are shown in 
Table X. of Appendix. 

Trianhydrotetrakisdiphenylsilicanediol is the most complex open-
chain compound yet isolated, and is formed by carefully hydrolysing 
tetra-anhydrotetrakisdiphenylsilieanediol. 

.Si(C6H5)2.O.Si(C6H5)2X 

° < >0+H20-HO.Si(C ( JH5),O.Si(C6H5).2 ,0. 
\ S i ( C 6 H 5 ) , O . S i ( C 6 H 5 ) / Si(cU5)aO.Si(C6H5)5

2:blI 
This partial hydrolysis is carried out in the following way. The 

closed chain compound is dissolved in chloroform, and a considerable 
excess (5 to 6 mols.) of an alcoholic solution of sodium ethoxide is 
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added. Sufficient chloroform should be present to prevent any pre
cipitation. In not more than a minute slight excess of very dilute 
acetic acid is added, the whole shaken and the chloroform separated. 
The aqueous portion is again extracted with this solvent and all the 
chloroform evaporated at the ordinary temperature. The residue is then 
treated two or three times with cold ethyl alcohol, which leaves behind 
a considerable portion of unchanged tctra-anhydrotctrakisdiphenyl-
silicanediol. The aleoholie extract after filtering is diluted with water 
and the trianhydrotctrakisdiphcnylsilicanediol is obtained after several 
recrystallisations from a mixture of chloroform and light petroleum. 
The yield is not good, but further quantities may be obtained by repeat
ing the hydrolysis on the unchanged tetra-derivative. 

Trianhydrotetrakisdiphenylsilieanediol crystallises in short,, colourless 
prisms, M.pt. 128-5° C. I t resembles the other two open-chain con
densation products of diphenylsilicanediol. 

Tetra-anhydrotetrakisdiphenylsilieanediol is formed from tri-
anhydrotetrakiscliphenyisilicanediol by warming an alcoholic solution 
of the latter with a trace of sodium hydroxide. The crystalline pre
cipitate melting a t 200° C. when crystallised from ethyl acetate is pure 
tetra-anhydrotetrakisdiphcnylsilicanediol, M.pt. 201° C. 

An alcoholic solution of the trianhydrotetrakis-compound with 
hydrochloric acid does not ^IVQ SO pure a product of the tetra-com-
pound. The tri-body mny be converted into the tctra-derivative also 
by heating the former at 100° to 200° C. for fifteen minutes. Water is 
evolved, and when decomposition ceases the mass is cooled. Addition 
of ether causes this fco crystallise, and cold alcohol removes only a little 
soluble matter. The residue on crystallising several times yields pure 
tetra-anhydrotetrakisdiphenylsilicanediol, which forms well-defined, 
almost rectangular plates, when deposited from ethyl acetate at the 
ordinary temperature. These have been measured and the results are 
recorded in Table XL of Appendix. 

Phenyle thyls i l icanedio l is obtained by hydrolysis of the corre
sponding disubstituted dichlorosilieanes with aqueous ammonium 
hydroxide.1 The diol is deposited in long, transparent needles, when 
the ethereal solution is evaporated at the ordinary temperature. The 
compound is recrystallisecl from ether and light petroleum, and has M.pt. 
70° C. I t is easily soluble in organic solvents, except light petroleum, 
in which it is sparingly soluble. 

Anhydrob i spheny le thy l s i l i caned io l is formed from phenyl
ethylsilicanediol when a pure specimen of the latter is kept in a stoppered 
bottle at ordinary temperature. The reaction is very slow. An aqueous 
solution of the diol and a few drops of hydrochloric acid left for twenty-
four hours yields a crystalline precipitate of the anhydro-compound. 
When crystallised from light petroleum and a little ether it forms long, 
transparent needles, M.pt, 87-5° C. 

DibenzylslHcanedioL2—The earlier preparations of the compound 
are not too satisfactory owing to mixtures being formed, but finally a 
yield of the diol has been obtained in the following manner:— 

Dibenzyl silicon dichloride is melted carefully and dropped into a 
1 Kipping, Trans. Ghem. &oe., 1912, IOI, 2106, 
a Mthey and Eduardoff, Ber., 1905, 38, 4132 ; Robison and Kipping, Proc. Ghem. 

Soc, 1912, 28, 245; 1013* 29, 348; Tram. Ghem. Soe., 1908, 93, 439; 1912, 101, 21 ; 
1914, 105, 40. 
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5 per cent, solution of potassium hydroxide whilst stirring. The turbid 
liquid is filtered from the insoluble portion, possibly dibenzyl, then 
shaken with animal charcoal When the clear filtrate is made slightly 
acid with acetic acid a thick, flocculent precipitate is produced. This 
is difficult to dry, but on leaving several days on a porous plate and 
finally washing with light petroleum the compound melts at 98° to 100° 
C.; and is almost pure* dibenzylsilicanediol. There is a small proportion 
of substance insoluble in potassium hydroxide present, which seems to 
point to a slight decomposition after precipitation from the solution of 
the potassium derivative, due possibly to traces of alkali adsorbed by the 
somewhat colloidal precipitate. The impurity is not easily eliminated. 
The method adopted is to dissolve the dibenzylsilicanediol in acetone, 
then add water until a turbidity is produced, after which the solution is 
allowed to evaporate spontaneously. The liquid soon shows in addition 
to milkiness, silky, opaque needles, and these are decanted from the 
mother-liquors and again dissolved in acetone. This is repeated till 
the product is completely soluble in 5 per cent, potassium hydroxide. 

Dibenzylsilicanediol, M.pt. 101° C, is appreciably soluble in warm 
water, separating when cold in long, white filaments. If a solution is 
heated to 90° C. for a short time, decomposition occurs. The presence 
of hydrochloric acid in a solution causes it to decompose, and a solution 
in potassium hydroxide when warmed becomes turbid with separation 
of an oil. When the diol is heated to 100° C. an oily product is formed, 
which consists essentially of anhydrobisdibenzylsilieanediol, and u ter-
molecular silicone" or trianhydrotrisdibenzylsilicanediol, in small 
amount. At 130° C. the oil is a mixture of the above two products and 
other condensation products. 

Dibenzylsilicanediol is quantitatively converted into " termolecular 
silicone " when exposed to fumes of hydrogen chloride in a closed vessel. 
Another convenient means of preparing the silicone is to keep pure 
dibenzylsilicanediol in alcohol and a little concentrated hydrochloric 
acid for several days, during which the quantity of crystals increases. 

When pure diol is dissolved in a small quantity of acetyl chloride and 
allowed to evaporate spontaneously, an oil results, which contains un
changed diol and anhydrobisdibenzylsilieanediol In some instances 
a good yield of hydrated crystals of the anhydro-body is obtained, using 
acetyl chloride in ether and light petroleum and evaporating at the 
ordinary temperature. Hydrated crystals are never formed until the oil 
containing the anhydrobisdibenzylsilieanediol is exposed to atmospheric 
moisture or crystallised from solvents containing traces of water. 

Anhydrobisdibenzylsilieanediol is formed when 2 mols. of 
dibenzylsilicanediol condense with loss of 1 mol of water. Though 
the yield is not good, the best method of preparation is as follows: 
Dibenzylsilicanediol (3 grams) is dissolved in 20 c.c. of dry ether, acetyl 
chloride (30 drops) added, and the solution in a beaker is kept in a 
desiccator over potassium hydroxide for three hours. I t is then con
nected to the pump and evacuated to remove most of the acid chloride. 
After six hours, crystals of " termolecular silicone " usually appear on 
the surface. The solution is then poured into excess of cooled, dilute 
ammonium hydroxide and shaken. After extraction with ether and 
evaporation, the oily residue is treated with a little alcohol, which 
precipitates the silicone. The filtered alcoholic solution is diluted with 
water, and vigorous rubbing of the beaker with a glass-rod causes 
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hydrated anhydrobisdibenzylsilicanediol to be deposited. I t is purified 
by dissolving in ether and diluting with light petroleum, then being 
allowed to evaporate spontaneously after filtration. I t is kept in a 
desiccator over paratlin shavings. The yield is 2 grams of anhydro-com-
pound and 0-9 gram of " termolecular silicone." The former is readily 
soluble in cold chloroform or benzene, a turbidity occurring due to 
water of hydration. 

Seventy hours' heating of anhydrobisdibenzylsilicanediol at 100° C. 
gives 6-6 per cent. HaO (lH20=8-68 per cent.). When heated at 100° 
to 110° C. for periods of about ten minutes a stage is reached correspond
ing with 3-68 per cent. H 2 0, after which the loss in weight becomes very 
small. At 330° to 150° C. the loss is 3-7 per cent, after ten minutes, and 
then much slower, till in two hours it is 7-8 per cent. This slow loss, after 
that due to water, is accounted for as being due to volatilisation of 
benzaldehyde formed by atmospheric oxidation. The odour of the 
aldehyde becomes more noticeable as the heating is prolonged. 
Though the remaining oil after heating is probably pure anhydrobis
dibenzylsilicanediol, it will not crystallise because it is so hygroscopic. 
However, the hydrated form is obtainable from the oil by dissolving in 
light petroleum and allowing the solution to evaporate in air. 

Dianhydrotrisdibenzylsilicanediol, 

HO.Si(CHX6H5)a.O.Si(CH2C6H5)2.O.Si(CH2C6H5)2.OH 

is probably present with anhydrobisdibenzylsilicanediol when di-
benzylsilicanediol is condensed in the presence of alkalies. If the 
alkaline solution is heated to 100° C. for some hours the precipitate is 
partly soluble in cold alcohol, and contains a considerable proportion 
of trianhydrotrisdibcnzylsilicanediol. The dianhydrotris-body is not 
isolated by the above method, although probably present. Attempts 
have been made to obtain it by hydrolysis of trianhydrotrisdibenzyl-
silicanediol which, though practically insoluble in alcohol, slowly dis
solves in an alcoholic solution of potassium hydroxide owing to 
hydrolysis. 

/O .S i (CHAH 5 ) 2 X 
Si(CH,.C6HB)a< > 0 + H 2 O — • 

\O .S i (CH 2 C 6 H 6 ) / 
>O.Si(CHaC,H6),.OH 

si(CH2c6n5)2< 
XXSi(CH2C6H5)2.OH 

Water precipitates a solid which gives with acetic acid dibenzyl-
silicanediol. Further examination shows it to consist of anhydro
bisdibenzylsilicanediol as well as the above diol, or simply the anhydro-
compound, or else a compound, M.pt. 82° C, according to the method 
of procedure. The desired product is that melting at 82° C, and 
it is obtained in the following manner: A solution of trianhydro-
trisdibenzylsilicanediol in cold acetone is treated with 8 per cent, 
potassium hydroxide (2 mols.) and thirty seconds afterwards a slight 
excess of dilute acetic acid is added. On further dilution with water 
an oily precipitate separates, which is filtered and extracted with ether. 
The solution of the oil in ether is diluted with light petroleum, then 
left to evaporate- Crystals separate and are recrystallised several 
times from ether and light petroleum, then dried over sulphuric acid. 
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Dianhydrotrisdibenzylsilicanediol melts at 82° C. and is readily soluble 
in all organic solvents except light petroleum, in which it is only sparingly 
soluble, and insoluble in water or dilute, cold potassium hydroxide. 
Another method of hydrolysing trianhydrotrisdibcnzylsilicanediol is to 
dissolve it in acetone containing one drop of concentrated hydrochloric 
acid. After half an hour the solution is diluted with water, vigorously 
stirred, filtered, and the solid extracted with cold alcohol. In this way 
the unchanged trianhydrotris-compound is left behind. On dilution 
of the alcohol with water, an oily substance is obtained which is extracted 
with ether. The solution contains dianhydrotrisdibenzylsilicanediol, 
and it is purified by crystallisation from ether and light petroleum. 
Only 15 per cent, of trianhydro-compound is transferred into dianhydro-
trisdibenzylsilicanediol, so further dianhydro-compound is formed by 
repeating the treatment. It seems probable that the reaction is re
versible and equilibrium under the conditions of the equation is when the 
proportion of dianhydrotris- to trianhydrotrisdibenzylsilicanediol is 
about 1 to 5, or 1 to 6. 

/O.Si(CH2C6H5)2\ 
H20+Si(CH2C6H5)2< > 0 

\ ) . S i ( C H 2 C 6 H 5 ) / 
y0.Si.(CH2C6H5)30II 

s==Si(CEoCeHs),< 
\0.Si(CH2CcH5)2.0II 

This equation only probably represents one of several reversible 
reactions, others being : 

/O.Si(CHoC6H5),OII 
2H"20+Si(CHX6H5)2< " " < > SSi(CH.CGU5),(01I), 

x0.Si(CH2C6H5)20H 

2Si(CH2C6H5)2(0H)2 -i • 0H.Si(CH2C6H5)2.O.Si(CH2C6H5)2OII+H2O 

Trianhydrotrisdibenzylsilicanediol.—It should be possible to 
obtain this compound from dianhydrotrisdibenzyJsilicanediol, if the 
reaction mentioned above is reversible. In alcoholic solution the 
equation should proceed from right to left, as the tri-body is insoluble 
in alcohol. This actually occurs in the presence of hydrochloric acid, 
the crystals, M.pt. 98° C, being pure trianhydrotrisdibenzylsilicancdiol. 
The change is complete in twelve hours. This condensation in alcoholic 
solution goes even more easily with potassium hydroxide than acid, 
whilst the presence of acetyl chloride has the same effect, though it may 
be due to the hydrochloric acid formed in this case, and not directly to 
the acid chloride. The closed-chain compound is not satisfactorily 
obtained from dianhydrotrisdibenzylsilicanediol by heat. 

Trianhydrotrisdibenzylsilicanediol crystallised from chloroform and 
petroleum-ether mixture has been examined, and the crystallographic 
measurements are shown in Table XII. of Appendix. 

Benzylethylsilicanediol x is prepared from pure benzylethyl silicon 
dichloride, using ice-cold aqueous ammonium hydroxide under "the con
ditions used in the preparation of phenylethylsilicanediol. The ethereal 
solution is allowed to evaporate spontaneously, when colourless needles 

1 Kipping, Trans. Ghem, 8oc7 1912, tor, 2106. 



ORGANOMETALLIC DERIVATIVES OE METALS OF GROUP IV. 270 

are obtained which may be recrystallised from a mixture of ether and 
light petroleum. 

Benzylcthylsilicancdioi crystallises from hot benzene or boiling light 
petroleum as transparent needles, but from aqueous acetone or alcohol 
as eotton-wool-like masses. The compound is appreciably soluble in 
cold water, more so in hot. I t sinters at 80° C., is a pasty mass at 
85° C , becoming solid again and more bulky until at 100° C. it melts. 
Single crystals melt at 85° C. to a clear liquid which becomes turbid if 
kept a t that temperature for a time. Large crystals in a test-tube melt 
at 98° to 100° C. This suggests that the substance is dimorphous. The 
change is not due to loss of water, for the compound does not eliminate 
the elements of water when kept at 85° C. for half an hour. I t loses 
water, however, in a dry vacuum and becomes oily in a day or two. I t is 
thought that the compound contains 1 mol. of water. 

Phenylbenzylsil icanediol x is most conveniently prepared by 
dropping the oily dtchloride into a 5 per cent, solution of sodium hydrox
ide. Vigorous stirring is necessary during the reaction. The solution 
when filtered and treated with slight excess of dilute acetic acid gives 
a bulky white precipitate of the diol. When filtered and washed it is 
not quite pure, so it is dissolved in acetone and water added to repre-
cipitate. This process is repeated until it ceases to give a milky fluid 
when the water is added, in which case also the compound is completely 
soluble in alkaline hydroxide. The product is then dried over sul- . 
phuric acid. I t crystallises in silky needles which melt at 106° C. on 
rapidly heating, but if kept at 90° C. for a time the compound liquefies 
and loses the elements of water. 

Aryl Derivatives of the Type (RSiO)20. 

Silicobenzoic a n h y d r i d e 2 is prepared from orthosilieobenzoic ester, 
SiC0H5(OC2H5)3, by first converting it into the corresponding acid by 
aqueous hydrogen iodide, and then dissolving the acid in alcoholic 
sodium hydroxide and passing in carbon dioxide. The precipitate is 
washed with absolute alcohol and the solution evaporated. The solid 
is finally washed with water and dried at 10o° 0. The anhydride, 
(SiC6H60)20, is an amorphous, colourless solid, moderately soluble in 
ether, less soluble in alcohol, and very slightly soluble in water. It is 
readily soluble in aqueous potassium hydroxide. Addition of ammonium 
hydroxide in excess yields silicobenzoic acid, and the anhydride heated 
with potassium hydroxide furnishes benzene. 

Silicotoluic anhydr ide 3 is prepared from tolyl silicon trichloride 
by decomposing it with ammonium hydroxide and heating the product 
at 200° C. The formula corresponds to (C7H7SiO)20, but a t a lower 
temperature it is probably C7H7SiOsH, the corresponding acid. I t has 
similar properties to the silicobenzoic anhydride. 

Aryl Derivatives of the Type RaSiO. 

Diphenylsil icone, (CflH5)2SiO, has not been obtained in a crystalline 
form,4 

1 Kipping, loc. cil. 
» Ladenlmrg, Be,r„ 1873, 6, 379. 
3 Ladenlmrg, ibid., 1874, 7, 387, 
* Kipping and Lloyd, Trans. Ohm Soc9 1901,1% U9* 



280 ORGANOMETALLIC COMPOUNDS. 

Phenylethylsi l icone, (C6H5)(C2H6)Si0.1—Phenylethylsilicon Bi
chloride, a fuming liquid, can be readily decomposed by water, giving 
an oil which appears to be the above ketone. 

Benzylethylsilicone2 is produced in the same manner as the 
preceding compound, from benzylethyldichlorosilicane. I t boils at 
305° to 315° C. at 22 mm., is not decomposed by the usual reagents, and 
gives no oxime or hydrazone. The molecular weight in acetic acid 
solution points to the formula [(C6H5CH2)(C3H5)SiO]3. 

Aryl Derivatives of the Type (R3Si)20. 

Diphenylmethylsilicyl oxide is isolated by decomposition of 
diphenylmethylsilicol at its boiling-point.3 I t forms hexagonal plates, 
M.pt. 51° to 52° C9 is very soluble in the common organic solvents, 
but sparingly soluble in cold alcohol. 

Diphenylethylsilicyl oxide, [(CGH5)2(C2H5)Si]20, M.pt. 65-6° C, is 
prepared from diphenylethylsilicyl chloride by decomposition with 
water.4 The silicol is first formed, and this passes into the correspond
ing oxide. 

Triphenylsilicyl oxide.5—When triphenylsilicol is heated with 
nitric acid in acetic acid solution it yields small, shining plates of tri
phenylsilicyl oxide, M.pt. 222° C. 

Benzylethylbutylsilicyl oxide 6 is formed by the action of water on 
the corresponding chloride. I t is a colourless, viscous liquid, insoluble 
in water, soluble in alcohol, and boils at 250° to 252° C. The silicol is 
first formed, but soon passes into the oxide, probably due to traces of 
impurity, such as hydrochloric acid. 

Benzylethylpropylsilicyl oxide7 is formed in a similar manner to 
the previous compound. I t boils at 256° C. 

Sulphobenzylethylpropylsilicyl oxide 8 is prepared by sulphona
tion of benzylethylpropylsilicyl oxide using sulphuric and chlorosulphonic 
acids. The body produced is identical with that prepared by sulphona
tion of ^-benzylethylpropylsilicol. This latter compound is isolated by 
the following series of reactions :— 

SiCl4 +MgEtBr =SiEtCl3 +MgClBr 
SiEtCl3 +MgPhBr=SiEtPhCl2 +MgClBr 
SiEtPhCl2 +MgPrBr ^SiEtPhPrCl +MgClBr 
SiEtPhPrCl +MgBzCl -SiEtPhPrBz +MgCl2 (Bz -benzyl) 

S iE tPhPrBz+H 2 0(+H 2 S0 4 ) -S iE tPrBzOH +C e H e (+H t SO., ) 

The silicol formed gives-with sulphuric acid a mixture of sulphonic 
acids, one of which has been isolated as the ammonium salt. I t is found 

1 Kipping, Prcc. Chem. Soc.r 1904, 20, 15. 
2 Kipping, ibid., 1905, 21, 65. 
3 Kipping, J. Chem, Soc, 1927, p. 104. 
4 Marsden and Kipping, Trans, Ghem. Soc, 1908, 93, 198. 
fi Kipping and Lloyd, Tram. Ghem. Soc, 1901, 79, 449. 
6 Luff and Kipping, Tmns. Chem. Soc, 1908, 93, 2004. 
7 Marsden and Kipping, Trans. Chem. Soc, 1908, 93, 198 

, J ^ppmg, Proc Chem. Soc 1907, 23, 9 ; Marsden and Kipping, Proc. Chem. Soc, 
1908, 24, 12; Kipping, Proc. Chem. Soc.t 1908, 24, 47. 
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to be a derivative of the corresponding oxide, and possesses the con
stitution, 

SO3II.CeII4ClIj.SiEtPr-O-PrEtSi.CHaCeII4.SO3H 

It is the externally compensated compound, and though many of its salts 
with optically active bases crystallise unchanged, the dextro-methyl-
hydrindamine salt can be resolved by fractional crystallisation from 
aqueous methyl alcohol. 

The dB dA-salt is the more sparingly soluble, M.pt. 205° C. The 
impure dB ZA-salt is from the most soluble fractions, and melts about 
135° C. 

The ZB ZA-salt has been prepared by resolving the acid with Z-methyl-
hydrindamine. 

The two optically active acids have very low specific rotations 
(roughly, [a]i>±4°), but there appears to be ample evidence of their 
enantiomorphous relationship. Although the acids contain two asym
metric silicon groups, the specific rotations are only [a]r>dr5*8° to 5-9° 
for the sodium salts. 

The dA dB- and ZA ZB-methylhydrindamine derivatives vary con
siderably in outward properties from the dA ZB- and ZA dB-compounds, 
which have a gelatinous or horny nature, but all four salts have in 
methyl alcohol solution a specific rotation of [a]D±15° to 16°. * 

dA ZB- and ?A ZB-menthylaminc salts are almost indistinguishable 
from each other or from the salt of the dZ-acid. This is also true for the 
corresponding three d-hornylamine compounds. The cinchonidine and 
cinchonidine hydrogen salts of the two active acids differ a little in melting-
points. 

dl-Sulphobenzifleihijlpro'pyhilieijl oxide is decomposed by hot con
centrated sodium hydroxide, giving paratoluene sulphonic acid. 

Sulphobenzylethylisobutylsilicyl oxide l can be obtained from 
any of the following bodies :— 

1. BenzyletkylisobuiylsUieyl chloride, SLEt(C7H7)(C4H0)Cl, B.pt. 198° 
to 202° C. at 100 mm. 

2. Bemylethylisobutylsiticol, B.pt. 162° to 164° C. at 25 mm. 
8. Benzylethylisobutyhiiicyl oxide, [SiEt(07H7)(C4H9)]2O9 B.pt. 250° 

to 252° C. at 20 mm. 
These compounds when sulphonated with chlorosulphome acid and 

sulphuric acid each give a mixture, from which the same dZ-acid, namely, 
dl-mlphoberizylethyMsobiityldiicijl oxide is separated as its l-menthylamine 
ffa^[SiEt(C4II9)CHsCeH3S08li]aO,2C10HaiN.4HaO,M.pt.24.00to2450C., 
[a] D —-14-7°, in methyl alcohol solution, 

dZ-Sulphobenzylethylisobutylsilicyl oxide is resolved into its optically 
active components by fractional crystallisation of its d-methylhydrin-
damine salt The pure dA dB-salt melts at 207° to 209° C, and its 
specific rotation in methyl alcohol solution is [a]i> +10-7°. The specific 
rotation of the sodium salt of the d-acid is [a]i) +1<M°-

The pure ZA SB-salt has M.pt. 207° to 209° C.; [a]i> -17*0° (in methyl 
alcohol solution) is produced by fractional crystallisation of the salt of 
the dZ-acid with Z-methylhydrindamine. The specific rotation of the 
sodium salt of the pure Z-acid is [a]D —10-5°. 

d-Methylhydrindamine Z-suIphobenzylethylisobutylsilicyl oxide and 
1 Luff and Kipping, Proc. Chem. 80c, 1908, 24, 224 and 236. 

SO3II.CeII4ClIj.SiEtPr-O-PrEtSi.CHaCeII4.SO3H
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the corresponding dA. ZB-salt are prepared by combining the optically 
pure acids with d- and Z-methylhydrindamine respectively.' They are 
oils at ordinary temperatures. 

Z-Menthylamine d-sulphobenzylethylisobutylsilicyl oxide crystallises 
well with 4H20. I t melts when anhydrous at 254° to 258° C., [a]i> -13-9° 
(in methyl alcohol solution). The salt of the Z-acid is very alike in 
properties, M.pt. 253° to 259° C., [a]r> —17-2°. The salt of the <ZZ~acid 
melts at 240° to 245° C.s [a]D —14-7°. 

d-Bornylamine d-sidpkobenzyleihylisobutylsilicyl oxide melts at 209° 
to 211° C. The salt of the Z-acid melts at 210° to 212° C. 

Cinchonidine d-sulphobenzylethylisobuiylsilicyl oxide crystallises in 
needles, M.pt. 171° to 173° C. The salt of the hacid has M.pt. 181° to 
183° C. The specific rotations of the two salts are almost alike, the 
values being [<X]D —68-5° and [<X]D —69-3° respectively in methyl alcohol 
solution. 

The cinchonidine hydrogen salts of the d- and Z-acids are crystalline 
and decompose at 232° to 234° C. and 229° to 231° C. respectively. 

Dibenzylmethylsilicyl oxide x is prepared in a similar manner to 
the previous oxides, by decomposition with water. 

Heterocyclic Organo-Silicon Compounds. 

A Polymeride of Cyclopentamethylenesilicone2 is isolated by the 
following reactions: Cyclopentamethylenesilicon dichloride is obtained 
by the action of the organo-magnesium compound derived from 1 : 5 
dibromopentane on silicon tetrachloride in ethereal solution. Cyclo
pentamethylenesilicon dichloride, 

<OxXo.v.'XX n \ 

>SiCl, 
CH 2 .CH./ 

is a clear, pungent liquid, B.pt. 169-5° to 170-5° C. at 764 mm. (corr.) ; 
density 1-1560 at 20° C.; nj> 1-46973 at 20-2° C. This body is hydro
lyzed by water with production of a yellowish-brown solid, which is 
possibly a polymeride of cyclopentamethylenesilicone, 

> S i = 0 
C H 2 . C H / 

If instead of silicon tetrachloride, dimethylsilicon dichloride is used, the 
product of the above reaction is dimethylcyclopentamethylene-
silicane, 

<CH.f».Crl2\ 
>SiMeo 

CH2 .CH/ 

I t is a colourless, easily inflammable liquid of slight camphor-like odour, 
B.pt. 133° to 134° C. at 752-9 mm. (corr.); density 0-8039 at 20° C. ; 
nD 1-43940 at 20-1° C.3 

1 Kipping and Hackford, Proc. Ohem. Soc, 1911, 27, 8; Trans. GUm. Soc9 1911, 01, 
138 

* Bygd&i, Ber., 1915, ^8, 1236. 
3 An attempt to obtain diethylcyclopentamethylenesilicane gave an" impure product, 

B.pt. 184° to 194° C. X F 
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Aryl Derivatives of the Type RSi0 2H. 

Sil icobenzoic acid 1 is isolated from phenyl silicon trichloride by 
the action of alcohol and subsequently hydriodic acid, Silicobenzoic 
acid iriethylesier is first obtained, B.pt, 235° C , density 1-0133 at 0° C. 
and 1-0055 at 10° C. This is completely decomposed by hydriodic acid 
(B.pt. 127° C.) as follows :— 

PhSi(OEt )3 + 3 H I = P h S i 0 2 H + 3 E t I + H a O 

The compound melts a t 92° C. to a viscous liquid, soluble in aqueous 
alkali, but not repreeipitated at once by dilute hydrochloric acid, though 
the solution becomes slightly cloudy. If allowed to stand for twenty-
four hours, however, the acid completely separates out. If a solution 
containing excess of potassium hydroxide be evaporated to dryness the 
potassium salt, of the acid is not obtained, but the reaction seems to go 
as follows:— 

P h S i 0 2 K + K O H = C 6 H 6 + S i 0 3 K 2 

Preparation of pure salts of silicobenzoic acid is not satisfactory. At 
100° C. the acid changes to the anhydride, (PhSiO)20—a white, 
amorphous powder. The anhydride with excess of ammonium hydroxide 
changes into the acid again, and with potassium hydroxide it yields 
benzene.2 Silicobenzoic acid, or phenyl-metasilicic acid as it was called, 
may also be prepared by the action of dilute ammonium hydroxide on 
phenyl silicon trichloride. On hydrolysis with water the body possesses 
the same transparent vitreous properties. Other conditions of prepara
tion give different results. In the course of formation of diphenyl-
silicon dichloride from silicon tetrachloride, bromobenzene, and mag
nesium in the presence of ether, some low fractions consisting of bromo
benzene and phenylsilicon trichloride were treated with steam to remove 
the former compound, and a white, brittle solid was left. To prove its 
nature pure phenylsilicon trichloride was treated with steam and the 
white solid repeatedly extracted with ether. The insoluble residue was 
dried at 120° C , and analysis showed it to be the anhydride of phenyl 
metasilicic acid. The work of Meads and Kipping seems to point to 
the possibility that the so-called siliconie acids are merely mixtures (see 
phenyl silicon trichloride). The composition of various fractions 
obtained from decomposition of phenylsilicon trichloride with water 
approximated to CflH5SiOaH, but experimental work showed that the 
so-called j)henylsiliconie acid was a complex mixture of condensation 
products of the trihydroxy-eompound, PhS^QH)^ 

Tolylsi l iconic acid.—-There can be little doubt tha t this and its 
anhydride are also mixtures.3 

a - S i l iconaphthoic ac id , C^II7Si02II ,4 is prepared from the 
corresponding trichloride, C10H7SiCl3; it melts a t 125° to 330° C. to a 
blistering mass. I t is difficultly soluble in aqueous potassium hydroxide, 
but easily in alcoholic potassium hydroxide. 

1 Friedel and Ladenburg, Anmkn, 1871, 159, 259 ; Ladenburg, Ber., 1873, <5, 379. 
2 Kipping and Haokford, Tram. Chem. 80c, 1911, 99, 138; Meads and Kipping, 

Trans. Chem, 8oc> 1914, 105, 679. 
* Ladenburg, Ber., 1874, 7, 387. 
* Melzer, Ber., 1908, 41, 3390. 
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Aryl Derivatives of the Type R.Si(OEt)3. 

Silicobenzoic acid triethylester l is formed from the trichloride by 
the action of alcohol. 

PhSiCl3 +3C 2H5OH - P h S i (OEt), +8HC1. 
The ester boils at 235° C, and has density 1-0133 at 0° C. and 1-0055 at 
10° C. 

Ethyl or tho-2 : 4 - dimethylsilicobenzoate, C6H3Me2Si(OEt)3, 
B.pt. 268° to 271° C, is prepared from ethyl orthosilicate and magnesium 
m-xylyl iodide.2 

Benzyl orthosilicic acid triethylester is isolated from benzyl 
silicon trichloride by treatment with alcohol. Tt is a colourless oil, B.pt. 
170° to 175° C. at 70 mm.3 

a-Orthosiliconaphthoic acid tr iethylester , C10H7Si(OEt)3,4 is 
produced in a similar manner to the previous compound. The pure ester 
boils at 308° to 320° C. at ordinary pressure with partial decomposition, 
or 174° to 177° C. at 15 to 18 mm.5 

Aryl Derivatives of the Types, Si.(OR1)(OR2)(OR3)(OR4); 
X.Si(OR1)(OR2)(OR3); and X2Si(OR1)(OR2). 

These are obtained from silicon tetrachloride as shown by the follow
ing equations :—6 

SiCl4+PhOH —> SiCl,.OPh.+HCl 
SiCLOFh+MeOH — • SiCLOPh.OMe+HCl 
SiCl2(OPh)(OMe)+EtOH — • SiCl(OPh)(OMe)(OEt)+HCl 

Phenoxymethoxysilicon dichloride is a colourless liquid, B.pt. 
216° C. at 752 mm. It readily decomposes with water, giving silicon, 
hydrochloric acid, methyl alcohol, and phenol. Ethereal ethyl alcohol 
added to the above compound yields phenoxymethoxyethoxysilicon 
chloride, an oily liquid, B.pt. 241° C. 

Methoxyethoxysilicon dichloride is a colourless liquid, B.pt. 
128° C. With isobutyl alcohol this body gives methoxyeihoxyisohutoxy-
silicon chloride, Si(OMe)(OEt)(OBu)Cl, a liquid, B.pt. 159° to 160° C. 

Phenoxymethoxyethoxysilicon chloride cannot be resolved owing 
to its sensitiveness to moisture. I t reacts with the salt of an optically 
active acid, but decomposes even over sulphuric acid. 

Phenoxymethoxyethoxymenthoxysilicon, Si(OMe)(OEt)(OPh) 
(OC10H19), has been prepared onjyas a thick, colourless oil, which could 
not be crystallised. 

Aryl Derivatives of the Types, R 3 Si -S iR 3 ; RiRmSLSiR*R*Rs. 

Hexaphenylsilicoethane.7—Five grams of triphenyl silicon chlor
ide in 150 to 200 c.c. of xylene and 2 to 3 grams of metallic sodium are 

1 £riedel and Ladenburg, Annalen, 1871, 159, 259. 
2 Khotinsky and Seregenkoff, Ber,7 1908, 41, 2946. 
3 Martin and Kipping, Trans. Ghem. Soc, 1909, 95, 302. 
4 Melzer, Ber.3 1908, 41, 3390; Khotinsky and Seregenkoff, ibid., 1908, 41, 2946; 

Khotinsky, ibid., 1909, 42, 3088. 
5 Khotinsky and Melzer describe the eater as a thick liquid of aromatic odour, B.pt. 

220° to 230° C. at IS mm. 
6 Kipping and Lloyd, Trans. Ghem. 80c, 1901, 79, 449. 
7 Schlenk, Renning, and Racky, Ber.f 1911, 44, 1178. 
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boiled in a dry nitrogen atmosphere with frequent shaking for two hours. 
The filtrate then deposits thin prisms, with oblique terminal faces of 
hexaphenylsilicocthane, Ph:iSi — SiPh3s M.pt. 354° C. 

dl-Diphenyldiethyldipropylsilicoethane, EtPrPh.Si.Si.EtPrPh.1 

—A freshly prepared specimen of phenylethylpropylsilicon chloride 2 is 
diluted with an approximately equal volume of dry xylene, then sodium 
in slight excess of the theoretical amount required is added. When 
heated to the boiling-point sodium chloride separates; the mixture is 
well shaken at intervals and intermittent boiling continued for twenty 
hours. After filtration, the residue is washed with a little xylene and 
the filtrate distilled at diminished pressure (50 mm.), when the xylene 
distils over. There are three fractions: 20 per cent, of the whole, B.pt. 
165° to 225° C.; 00 per cent., slightly iluorescent, B.pt. 225° to 275° C , 
and a viscous, yellow, oily residue. Further distillation yields a colour
less liquid, B.pt. 205° to 270° C. at 100 mm., this being diphenyldiethyl-
dipropylsilicoethane by analysis and molecular weight determinations. 
The yield is nearly 50 per cent. This is probably due to the presence of 
phenylethylsilicon dichloridc and phenylcthyldipropylsilicane with the 
required phenylethylpropylsilicon chloride. 

Diphcnyldiethyldipropylsiliooethanc is a rather viscous liquid, with 
a faint, pleasant, aromatic odour, and its density is less than water. I t 
is only slightly volatile in steam, is slightly soluble in cold methyl alcohol, 
but easily so when wanned. I t is miscible with acetone and most 
organic solvents. Bromine water reacts with the silicoethane, giving no 
doubt bromobenzene. Concentrated sulphuric acid at 100° C. causes 
formation of benzene, in which reaction the compound resembles other 
silicohydrocarbon derivatives which contain a phenyl group. Unlike 
other compounds which contain silicon atoms in direct combination, 
diphcnyklicthyldipropylsilicocthane is stable towards hot solutions of 
alkali hydroxides. This is possibly due partially to the insolubility of 
the body in aqueous solutions, but even with sodium ethoxide in aqueous 
acetone there is no appreciable evolution of hydrogen. 

dl-Dibenzyldiethyldipropylsilicoethane, EtPr(C7H7).Si.SiEtPr 
(C7H7),3 is obtained from benzylethylpropylsilieyl chloride in a similar 
manner to the preceding compound. The contents of the flask, however, 
are boiled only texi hours, and give no reaction for combined halogen. 
The product seems to be a complex mixture and is distilled at 30 mm., 
when four fractions are isolated: (1) 30 percent, of the product, B.pt. 135° 
to 160° C ; (2) 55 per cent., B.pt. 100° to 240° C ; (3) 10 percent., B.pt. 
240° to 300° C ; (4) 5 per cent., dark brown residue. Ilefractionation 
gives a fraction 135° to 160° (1. which is mostly difaenzyl, and the principal 
fraction boils at 240° to 250° C. at 20 mm. This is distilled into two 
products; (1) 240° to 244° C.; (2) 244° to 248° C. at 20 mm. Both these 
portions are found by analysis and molecular weight to be almost pure 
dibenzyldiethyldipropylsilicoethane, but the higher fraction (244° to 
248° C.) is the purer sample. 

The body is a colourless, moderately mobile liquid, with a faint, 
pleasant smell, and is specifically lighter than water. I t is sparingly 
soluble in cold methyl alcohol and miscible in most organic solvents. 
I t is practically stable in aqueous alkali hydroxides, and there is no gas 

1 Kipping, Trans, Qkm» Soc, 1921, 117, 047. 
* Kipping, ibid., 1907, 91, 218. 
8 Kipping, ibid. 
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evolution when the compound is warmed in a solution of sodium 
methoxide in methyl alcohol. I t slowly decolorises bromine in 
carbon tetrachloride solution and fumes are evolved. An acidified 
solution of potassium dichromate is not appreciably oxidised by the 
silicoethane. 

Sulphonation ofdl-dibenzyldiethyldipropylsilicoethane.—A pale yellow 
emulsion is formed when a quantity of the silicoethane is shaken with 
concentrated sulphuric acid. On gentle warming the emulsion gives 
place to a solution which dissolves in cold water. The solution is 
neutralised with ammonium hydroxide, and when an aqueous solution 
of brucine hydrochloride is added a colourless precipitate is produced, 
which gives colourless needles when crystallised from acetone. When, 
however, a larger quantity of silicoethane is allowed to stand at the 
ordinary temperature with sulphuric acid, after some hours it changes to 
a water-clear solution, and this does not all dissolve in a relatively small 
quantity of water until ammonium hydroxide is added. 

Brucine hydrochloride gives a precipitate as before, which is easily 
soluble in cold acetone, but does not separate in crystals as previously. 
The brucine salt from the two experiments has been fractionally pre
cipitated from a solution in hot chloroform by addition of benzene. A 
gelatinous powder results, and this is no longer completely soluble in 
acetone. The insoluble portion is recrystallised, using the same solvents, 
and finally a colourless powder is obtained which seems to be the 
brucine salt of the disulphonic acid.1 

Formula : 
Si.Et.Pr.CH2.C6H4S03H 
| .2C23Ha604N2.2H20 
Si.Et.Pr.CH2.C6H4S03H 

• l-Menthylamine salt of the disulphonic acid of dibenzyldiethyldipropyl-
silicoethane,—-The brucine salt does not crystallise well, so an aqueous 
solution of the ammonium salt of the disulphonic acid is treated 
with an aqueous solution of Z-menthylamine hydrochloride until there 
is no more precipitation. The precipitate is filtered and washed with 
water, then with methyl alcohol. At first a clear liquid comes through 
the filter, then lustrous crystals separate, but these become pasty as 
filtration is continued, and addition of water only gives a pasty com
pound. The crystals cannot be obtained again; possibly they appear 
owing to a favourable concentration. The pasty menthylamine salt 
is dried and crystallised from acetone, giving a colourless powder. I t 
is further purified by using a mixture of acetone and methyl alcohol, 
and finally it is crystallised from wet ethyl acetate. The salt produced 
is doubtless the normal l-menthylamine salt of the disulphonic acid, 
formula, C24H38O6S2Si2.2C10HaiN.3H2O.2 Under the microscope the 
colourless powder appears in fern-like crystals; the anhydrous salt 
sinters about 208° C, and melts at about 220° C. I t is more soluble in 
wet than dry organic solvents. A solution of the sodium salt of the 
menthylamine salt seems quite optically inactive; the solution gives 
precipitates with d-hydrindamine and d-methylhydrindaminc hydro
chlorides. 

1 An air-dried sample lost 5-1 per cent, of water at 100° C.» and the anhydrous salt 
was hygroscopic. 

2 An air-dried sample lost 6-2 to 6-3 per cent, of water at 100° C. 
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Aryl Derivatives of the Type SiaPhs and [SiPha]n.x 

When metallic sodium and diphenylsilicon dichloride (rather more of 
the metal than calculated for the proportion 2Na : SiPhaCla) in 3 to 10 
volumes of toluene or xylene are heated, reaction occurs as the sodium 
melts. In some cases the metal was added in small quantities, and in 
others the dichloride was added slowly to the metal, but either process 
gives the same result. From the solution, six-sided crystals separate 
(A), and the solution is cooled and filtered, the dark blue residue being 
extracted with boiling toluene. This extract deposits crystals of (A), and 
from the mother-liquors a second crystalline substance (C) is obtained. 
The dark blue powder, treated with alcohol-acetic acid, then with water, 
gives a small quantity of iloceulent substance (D). 

The residue from the original toluene or xylene filtrate is a resinous 
mass on evaporation, most of it (E) dissolves readily in acetone, leaving 
a colourless powder from which three crystalline compounds have been 
obtained: (A) which is only sparingly soluble in boiling toluene, (B) which 
is readily soluble in cold toluene, and (C) which is even less soluble than 
(A). These compounds are dealt with below. 

tk U n s a t u r a t e d " SiKcohydrocarbon, Si4Ph8, (A).—This com
pound crystallises from boiling benzene in short, flat, well-defined 
prisms, melting about 335° C. It is insoluble in most common solvents 
at the ordinary temperature, but is appreciably soluble in benzene or 
toluene, and easily in boiling aniline, benzyl alcohol, or phenol, but 
prolonged boiling tends to decomposition. , I t is comparatively stable 
to boiling aqueous alkalies and sodium methoxide in alcoholic solution, 
but is rapidly decomposed by boiling with wet piperidine. With iodine 
in benzene solution it is transformed to oetaphenyldi-iodosilicotetrane. 
When boiled for three to five minutes with tctraehloroethane, a crystal
line product is isolated which melts at about 180° C, and is supposed 
to be the dichloride, Si4Ph8Cl3* The " unsaturated " silicohydrocarbon 
is decomposed after five minutes' boiling with nitrobenzene, giving the 
oxide S i ,Ph 8 0 2 or diol SijPh8(OII)2. 

The silieo-hydroearbon also undergoes atmospheric oxidation, is 
oxidised by boiling w*ith benzaldehyde, ethylene dibromide, bromo
benzene, or phosphorus tribromide, or by ozone, when the hydrocarbon 
is covered with carbon tetrachloride and dilute ozonised oxygen passed 
in. In all eases the oxide, Si4PhsO, is isolated, and from these reactions 
Kipping has suggested that this compound may contain tervalent silicon, 
ami be represented by . . . SiPh2.SiPh2.SiPh2.SiPh2 . . .a 

Oetaphenyldi-iodosilicotetrane, Si4Ph8I2, prepared from the 
hydrocarbon as stated above, is a colourless or pale-yellow product, 
which turns pink and then yellowish-brown on exposure to light and 
moisture. I t crystallises from benzene or ether in lustrous, very acute, 
rhomboidal plates, which do not melt below 250° C. In cold ether it is 
only very sparingly soluble, moderately soluble in cold benzene, but 
these solutions soon turn brown on exposure to air. Hydrolysis of the 
compound by an ammoniacal solution of acetone yields octaphenyl-
silieanetetrane oxide, Si4Ph80, and the rhomboidal oxide, Si4Ph8Oa; the 
former oxide is also obtained when the hydrolysis is carried out with 
aniline and water. 

1 Kipping and Sand, Trans. Chem. Soc.t 1921,119, 830, 848. 
a Kipping, 2T«ww. Chew. Soc, 1923, iz$t 2590. 
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The iodide when treated with sodium in xylene solution gives 
sodium iodide and the " unsaturated" silieohydrocarbon. With 
magnesium ethyl bromide, the iodide yields octaphenyldiethylsilico-
tetrane, which crystallises from aqueous acetone containing a little 
chloroform in flat, transparent, rhomboidal plates, containing 3 mols. 
of water of crystallisation. When anhydrous, it melts at 253° to 
254° C.; when heated with piperidine and sodium hydroxide, it decom
poses with evolution of hydrogen.1 

Octaphenylsilicotetrane oxide, 

SiPh2.SiPh2X 

I > 
SiPh 2 .S iPh/ 

Formed as just described by the hydrolysis of the di-iodide, it crystallises 
in microscopic needles, different samples varying in melting-point 
between 220° and 260° C. I t is only slightly soluble in cold alcohol, 
acetone, glacial acetic acid, ether, or chloroform, but may be crystallised 
from mixtures of chloroform, benzene, or acetone. From aniline, 
nitrobenzene, or hot ethyl acetoacetate it crystallises in rosettes of long, 
transparent prisms, which become opaque when warmed with acetone. 
Sodium hydroxide in acetone solution attacks it with evolution of hydro
gen, and nitric acid or hydrogen bromide in glacial acetic acid solution 
oxidises it to the rhomboidal oxide. 

The Rhomboidal oxide, 

SiPha.O.SiPha 

SiPh2.O.SiPh3 

crystallises from ethyl acetate, chloroform, or benzene in rhomboidal 
crystals or in fern-like masses and is apparently dimorphous. It is less 
soluble in chloroform or benzene than the preceding oxide. It melts 
sharply to a clear liquid at 221° to 222° C. 

Saturated Silieohydrocarbon, Octaphenylcyclosilicotetrane, 
Si4Ph8, (B).—This compound forms short, rectangular prisms, which 
do not melt at 400° C, but soon become plastic if kept at this tempera
ture. I t is very soluble in cold benzene, cold chloroform, or hot ethyl 
acetate, but sparingly soluble in boiling acetic acid, and almost insoluble 
in cold acetone, ether, or alcohol. It is very stable towards iodine in 
benzene solution, bromine, tetrachloroethane, or nitrobenzene, but it is 
attacked by wet piperidine at 90° C. after several hours. From the 
decomposition products, diphenylsilicanediol and tetra-anhydrotctra-
kisdiphenylsilieanediol have been isolated. The former of these two 
compounds is also obtained from the action of aqueous methyl alcohol 
or acetone solutions of alkali hydroxides on the silieohydrocarbon. 
Nitric acid in acetic acid solution partially transforms the silieohydro
carbon to the rhomboidal oxide.2 

Silieohydrocarbon, [SiPh2]n, (C), is deposited along with (A) from 
the toluene extract and requires prolonged extraction to remove it from 
the blue residue. When the blue salt is treated with alcohol-acetic acid, 
then with water, (C) and (D) are obtained. These may be separated by 

1 Kipping, Trails. Chem. Soc, 1923, 123, 2598. 
2 An amorphous form of octaphenylcyclosilicotetrane has recently been prepared 

(Kipping, </. Chem. Soc, 1927, p. 2727). 
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prolonged extraction with boiling benzene or toluene. To separate (C) 
from (A), the latter is converted to the di-iodide, leaving (C) undissolved. 
The latter crystallises from benzene in lustrous, transparent, six-sided 
pyramids and rhombohedra. (C), unlike (A), is not affected by boiling 
tetrachloroethane or nitrobenzene, and it does not react with iodine in 
boiling toluene or bromine in chloroform solution at ordinary tempera
ture. Prolonged warming with acetic acid containing nitric acid, or 
with 50 per cent, nitric acid, does not affect it, nor is i t acted upon by 
sodium hydroxide in methyl alcohol or piperidine and sodium hydroxide 
on heating.1 

Silicohydrocarbon, [SiPh2]n, (D).—To isolate (D) the dark blue 
residue containing sodium and sodium chloride is first extracted with 
boiling toluene until it appears to be free from (C), then added slowly to 
alcohol-acetic acid mixture, keeping the acid in excess. After addition 
of water to the mixture, the insoluble residue is washed with water by a 
diffusion process, then washed with acetone and extracted with large 
volumes of hot benzene. I t appears to undergo slight atmospheric 
oxidation, and is more readily oxidised by nitric acid in acetic acid 
solution than (A), (B), or (C). If the mixture is heated, condensation 
products of diphenylsilicanediol are principally formed, and a similar 
result is obtained with an acetic acid solution of potassium perman
ganate. With nitrobenzene, potassium hydroxide, and piperidine-
alkali mixtures, products are obtained which can be converted into 
diphenylsilicanediol. 

When an acetone solution of (E) is kept in a closed vessel it deposits 
crystals of octaphcnylcyclosilicotetrane (B) 2 and a very small pro
portion of (C). This seems to show that (E) undergoes a transformation 
into (B). An acetone solution of (E) when treated with alcohol gives 
at first a white, plastic precipitate, which can be pulled into long threads 
which change into a very brittle solid as the solvents evaporate. When 
systematic fractional precipitation is carried out and continued until 
each of the original fractions has been redissolved and reprecipitated 
several times, the most sparingly soluble portion, now precipitated in a 
flocculent form, if again treated with cold acetone, usually gives a very 
small separation of (B), with traces of (C), and this separation of insoluble 
matter seems to continue indefinitely. Most of the original preparation, 
however, is merely resolved into fractions, all miscible with acetone, the 
more sparingly soluble of which consist of an easily fusible, resinous sub
stance of composition [SiPhJn which may be termed (Ex). When (E) 
is obtained from diphenylsilicon dichloridc of about 95 to 97 per cent, 
purity, the product after two precipitations consists mainly of (Ex). 

The silicohydrocarbon (EJ.—When preparations of [SiPh2]n are 
fractionally extracted with boiling alcohol or boiling light petroleum, 
or precipitated from hot phenol with alcohol, their properties undergo 
little change, and no crystalline product is isolated save traces of (B). 
Fractional'diffusion of the acetone solution through glazed earthenware 
also fails to yield crystals. The preparations begin to sinter from 110 
to 130° C, but have no definite melting-point. They are miscible with 
cold ether, benzene, and chloroform, separating out as " glues," which 
become brittle, but are only sparingly soluble in boiling light petroleum 
and very sparingly in boiling alcohol or glacial acetic acid- The com-

1 Kipping, Trans. Ghem. Soe., 1924, 125, 2291. 
* Kippfog, J, Ohm, Soc? 1927, p. 2719. 

VOL, XI, : I, 1 9 
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pound (Ex) is not particularly reactive with iodine in cold benzene 
solution, and a little bromine is absorbed in carbon tetrachloride solu
tion, but it takes a long time before the proportion reaches Br2 ; [SiPh2]2. 
When (Ex) in partial solution in glacial acetic acid is cautiously oxidised 
with nitric acid, it yields the rhomboidal oxide, p . 288, but it is almost 
entirely converted into crystalline and oily condensation products of 
diphenylsi licanediol. 

Action of Sodium on Phenoxydiphenylsilicyl Chloride. 

The phenoccydiphenylsilicyl chloride required for this reaction is pre
pared as follows: x One mol. of phenol in a little benzene is slowly added 
to diphenylsilicon dichloride at about 150° C. Hydrogen chloride is 
evolved and the liquid is heated until no more gas is evolved (about three 
hours). The product is then distilled at 40 mm., the following fractions 
being collected : 200° to 240° C. (15 to 20 per cent.); 250° to 260° C. 
(about 45 per cent .) ; 230° to 310° C. (large fraction). 

Phenoxydiphenylsilicyl chloride, Si(C6H5)2C1.0C6H5, is isolated by 
further fractionation of the portion, B.pt. 250° to 260° C. I t is a thick, 
very faintly fuming oil, B.pt. 252° to 254° C. at 40 mm., miscible with 
light petroleum, soluble in 5 per cent, potassium hydroxide, yielding the 
potassium derivatives of phenol and of diphenylsilicanediol. I t becomes 
solid on standing in air, this substance after crystallising from benzene 
consisting of trianhydrotrisdiphenylsiiicanediol. 

Diphenoceydiphenylsilicane, Si(C6H6)2(OC6H5)2s crystallises from the 
fraction above 280° C, but it requires fractionating again to obtain a 
pure product. I t crystallises from light petroleum in massive, colour
less prisms and octahedra, M.pt. 70° to 71° C, very soluble in ether, 
chloroform, benzene, or acetone, moderately soluble in cold alcohol. 

Freshly distilled phenoxydiphenylsilicyl chloride in 4 volumes of dry 
toluene is treated with an excess of sodium and heated. The metal 
becomes covered with a blue crust, and after two to three hours5 boiling 
some colourless crystals are deposited. The hot solution is filtered, the 
blue residue (I.) washed with toluene, and the combined filtrate and 
washings evaporated under reduced pressure. The cokmrless, oily 
product on treatment with light petroleum yields a crystalline precipi
tate (II.), and the filtered solution on dilution with more petroleum gives 
an oily separation (III.). The clear petroleum solution decanted from 
the oil gives an oily deposit (IV.) when kept at 0° C, but even then 
contains a large quantity of product (V.). 

From the residue (I.) only octaphenylsilicotetranc is isolated. 
Diphenoxyoctaphenylsilicotetrane, PhO.[SiPh3]4.OPh.~~-The pre

cipitate (II.) consists of octaphenylsilicotetrane and diphenoxyphcnyl-
silicotetrane, the latter being extracted by boiling benzene. When 
further crystallised from chloroform, then benzene, it separates in well-
defined, rhomboidal pyramids and in prisms, M.pt. 215° to 216° C. I t 
is decomposed when heated with piperidine and concentrated sodium 
hydroxide, giving the sodium derivatives of phenol and diphenylsilicane
diol. I t is practically insoluble in ether, acetone, alcohol, and glacial 
acetic acid, but very soluble in boiling aniline. 

From fractions (III.) and (IV.) by extraction with light petroleum, 
diphenoxydiphenylsilicane and some diphenylsilicanediol may be 

1 Kipping, J, Ohem. Sac, 1927, p. $738, 



ORGANOMETALLIC DERIVATIVES OF METALS OF GROUP IV. 291 

obtained, but the composition of other products has not been definitely 
settled, and the same applies to the constitution of fraction (V.). 

Organometallic Silicon Compounds containing Lead, Tin, and Arsenic. 

1 - Tr ie thy ls i ly l - 4 - t r i m e t h y l p l u m b y l - b e n z e n e , Et<jSiC6H4Pb 
Meg,1 is obtained from the magnesium compound of triethyl-p-bromo-
phenylmonosilane and trimethyl lead chloride in ether. I t is a colourless 
oil, soluble in absolute alcohol and miscible with ordinary organic solvents. 
Two atoms of bromine at —*?5° C. remove the aromatic group, giving 
(CH5)PbBr and Et3-p-Br.C6H4Si. Triethylsilyl-4-trimethylplumbyl-
benzene has a faint smell, boils at 191° C. at 17 mm., and does not decom
pose on distillation; density 1-4032 at 20° C.; 1-3997 at 23-8° C. ; 
iii la 1-51.379, nT, 1-51-937, nu,* 1-56240, n n , 1-57417, at 23-8° C. 

1 -Tr ie thy l s i ly l -4 - t r i e thy l s tanny l benzene , Et3SiCeH4SnEt3> is 
similarly prepared from the magnesium compound of triethyl-p-bromo-
phenyl-monosilanc and triethyl tin bromide. I t boils at 214° C. at 
18 m m . ; density 1-1216 at 21-2° C. ; nU a 1-52316, uD 1-52756, nHp 
1-53888, n n , 1-51-864, a t 21-2° C. 

1 -Tr ie thy ls i ly l -4-d iphenyla rsyI benzene, Et3Si.CeH4.AsPh2, is 
produced from the sodium compound of diphenylchloroarsine and 
triethyl-p-chlorophenyl-monosilane in ether and a little acetic ester. 
I t is a colourless oil, B.pt. 279° to 281° C. a t 17 mm. ; density 1-1673 at 
20° C-, 1-1661 at 21-3° C.; nw« 1-60784, nD 1-61455, nH^ 1-63181, nH ? 
1-64718, a t 21-3° C. 

I t is slightly soluble in methyl alcohol and easily in ethyl alcohol 
and the ordinary organic solvents. 

GEUMANIUM. 

Alkyl Derivatives of Type R4Ge. 

Germanium tetrachloride has been selected as the starting-point for 
several of these organometallic compounds because it is easily obtainable 
in a high degree of purity.2 

G e r m a n i u m t e t r a m e t h y l , Gc(CH3)4.3—In 1871 Mendeleeff pre
dicted tha t germanium or eka-silicon would form volatile organometallic 
compounds, and it was Winkler, the discoverer of germanium, who in 
1886 first produced germanium tetraethyl. Germanium tetramethyl is 
obtained by the Grignard reaction, and as it is impossible to separate it 
from ether in the vacuum distillation apparatus,4 i t became necessary 
to reduce the quantity of ether, which made a specialised apparatus 
compulsory. Twenty grams of magnesium turnings and 200 c.c. of 

* Griittner and Krause, J5er., 1917, 50, 1559. 
2 It was first obtained for this purpose by passing chlorine over crystalline germanium 

at fairly high temperatures (Dennis and Hanoe, J. Amer. Ohem. Soc, 1922, 44, 304). To 
avoid the preparation of metallic germanium from the dioxide another method has since 
been used (Tabcrn, Orncioff, and Dennis, J. Amer. Cham. Soc.t 1025,47,2039). Germanium 
dioxide was suspended in concentrated hydrochloric acid and hydrogen chloride passed 
into the warm liquid. At 70° C. germanium tetrachloride distilled with traces of hydro
chloric acid. By means of a special piece of apparatus all the acid was removed and very 
pure germanium tetrachloride produced. 

3 Dennis and Hanoe, J. Physical Oh&m., 1926, 30, 1055. 
4 Laubengayer and Corey, J. Physical Chem., 1926, 30, 1043. 
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dry ether are mixed and cooled in ice and salt, and 80 grams of methyl 
bromide in 100 grams of dry ether at —20° C. are slowly added to the 
mixture with brisk stirring. When the reaction ceases the contents of the 
flask are boiled for about half an hour, and then the ether is removed— 
the last traces by suction. Two hundred c.c. of dry xylene are then 
introduced. Germanium tetrachloride, 1 mol. to 8 mols. of Grignard 
reagent, is slowly added to the magnesium methyl bromide, the latter 
being kept warm. When the reaction ceases the ether is liberated 
and the xylene kept back by two condensers in the apparatus. The 
liquid remaining is fractionally distilled, and the greater part passes over 
at 34° C. Repeated fractionations, however, do not remove the ether 
from the germanium tetramethyl. Consequently the mixture is treated 
with about twice its volume of cold concentrated sulphuric acid, and the 
heavy layer of ethyl sulphuric acid separated from the lighter organo-
metallic compound. This is washed several times, then dried over 
calcium chloride, and an arc spectrum revealed the product to be practi
cally free from impurity. Germanium tetramethyl is a colourless, 
oily liquid, of a pleasant, sweet odour, resembling chloroform to some 
extent, and totally different to germanium tetraethyL It burns with a 
sooty flame, which is yellow on the outer surface and deep-red on the 
inner zone. Nitric acid slowly oxidises it at 0° C, chlorine acts upon 
it rapidly in the cold, but bromine is much slower in action. Iodine 
has no effect for forty-eight hours. Germanium tetramethyl is soluble in 
alcohol, ether, and benzene, and it melts at about —88° C. and boils a t 
43-4° C. The index of refraction at 23-5° C. is 1*3868, and two density 
determinations at 0° C. are 3-003 and 1-009. 

Germanium tetraethyL1—Winkler first obtained the compound 
from germanium tetrachloride and zinc diethyl, but the sample was not 
pure. Dennis and Hance started with pure zinc diethyl, using the 
reaction of Lachman,2 heating ethyl iodide with zinc-copper couple at 
100° C. They used a series of vessels, so arranged that the zinc diethyl 
was made, purified, and transferred without contact with the atmosphere. 
The zinc-copper couple is prepared by heating 25 grams of zinc dust and 
200 grams of powdered copper oxide in a current of hydrogen at about 
550° to 600° C. till reduction is complete. This is crushed in an agate 
mortar and mixed with an equal weight of dry sand which has previously 
been treated with boiling hydrochloric acid. The sand facilitates the 
penetration of the powder by the ethyl iodide. 

The reaction between germanium tetrachloride and zinc diethyl, 

2Zn(C2H5)2+GeCl4=2ZnCl2+Ge(C2H5)4 

is found to be catalysed by one or both of the products. The zinc 
chloride does not seem to affect the speed of the reaction, but when 
germanium tetraethyl is used, although the reaction starts lethargically, 
it soon becomes so rapid that it is difficult to control. When, however, 
germanium tetrachloride containing both zinc chloride and germanium 
tetraethyl is run into zinc diethyl, the reaction continues smoothly to 
completion. The pasty mixture is freed from zinc diethyl by adding 
small pieces of ice until the latter is decomposed, A 10 per cent solution 

1 Winkler, J. ptakt. Ghpn., 1887, 144, 177; Dennis and Hance, «/. A?mr, Ohem, tfoc, 
1925, 47, 370; Tabern, Orndorff, and Dennis, ibid., 1925, 47, 2039. 

2 Lachmatm, Amer. Ghem, </., 1900, 24, 36, 
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of sodium hydroxide is next added and the mixture distilled in steam. 
Germanium tetraethyl and water are collected. After a second steam-
distillation the tetraethyl is separated, dried over calcium chloride, and 
again distilled. 

Germanium tetraethyl has also been obtained by the Grignard 
reaction. Forty-four grams of ethyl bromide and 9-6 grams of mag
nesium are converted into ethyl magnesium bromide in the presence of 
200 c.c. of ether. To this is added 10-7 grams of germanium tetra
chloride in dry benzene. During the addition the liquid is stirred and 
boiled, and then warmed on a water-bath for three hours. Ice and acetic 
acid effect the decomposition, the organic solvent layer being separated 
and the benzene and ether removed by distillation. The residue boils 
between 155° and 165° C. I t is twice treated with concentrated sul
phuric acid, washed, dried, then fractionally distilled. The germanium 
tetraethyl comes over between 162-5° and 163° C. (uncorr.), yield 60 per 
cent. I t is a colourless oil of pleasant, characteristic odour.1 The 
compound burns with a flame whose outer part is yellow and inner zone 
red, shading to blue near the burning liquid. It is slightly soluble in 
water, and soluble in many organic solvents. I t is difficult to oxidi se, and 
chlorine reacts with it but slowly. Germanium tetraethyl boils at 
163*5° and melts at —90° C.; density 0-9911 at 24-5° C. ; n 1-443 at 
17-5° C. 

Germanium tetrapropyl, Ge(C3H7 )4.—It is prepared in the follow
ing way: Propyl magnesium bromide is made from 50 grams of 
propyl bromide, 9-6 grams of magnesium, and 200 c.c. of ether. When 
the reaction ceases the ether is distilled off and replaced by dry benzene. 
Eleven grams of germanium tetrachloride in dry benzene are slowly 
added with constant stirring and boiling. After further boiling for 
an hour the mixture is decomposed by ice and acetic acid, the solvent 
layer being separated off, dried, and distilled. The fraction boiling 
between 200° and 230° 0. is shaken with concentrated sulphuric acid, 
and again washed, dried, and distilled. Most of the oil boils at 225° C, 
and gives a 76 per cent, yield. I t is a colourless, mobile liquid, with a 
petroleum-like odour. I t dissolves in iodine, but at 50° C. it does not 
react with it to any extent. Ignition of the oil is not easy, but once it 
begins to burn it liberates a cloud of germanium dioxide; density 
0-9539 at 20° C, M.pt. -73° C.; B.pt. 225° C, at 746 mm.; a n 1-451 at 
17*5° C. 

Germanium tetra^n-butyl is a colourless, oily liquid, B.pt. 178° to 
180° C. at 733 mm.3 

Germanium tetra-isoamyl, Ge(C&Hn)^4—Sixty-five grams of 
isoamyl bromide are slowly added to 9-6 grams of magnesium suspended 
in ether. The ether is replaced by dry benzene and 11 grams of german
ium tetrachloride in benzene added, after which the mixture is boiled for 
three hours. Decomposition is effected in the usual manner and the 
solvents are eliminated by distillation. The residue is a heavy oil, which 
decomposes when distilled at ordinary pressure. At 10 mm. it boils 
mostly at 163° to 164° C, The yield of germanium tetra-isoamyl is 
87 per cent.; density 0*9147 at 20° C.; n 1-457 at 17-5° C. 

1 Tho onion-like odour described by Winkler must have been due to impurities. 
2 Tabern, Orndorff, and Dennis, J. Amer, Ghem. Boc.f 1925, 47, 2039. 
8 Orndorff, Tabern, and Dennis, J. Amer. Ghem. Boc.$ 1927, 49, 2516, 
4 Tabern, Orndorff, and Dennis, loc. cU. 



294- ORGANOMETALLIC COMPOUNDS. 

Aryl Compounds of the Type R4Ge and their Derivatives. 

Germanium tetraphenyl or Tetraphenylgermane, Ge(CeH5)4.— 
This compound may be prepared in several ways, but the most satis
factory method appears to be as follows :x The ethereal solution obtained 
from the interaction of 14*2 grams of magnesium turnings and 764 grams 
of bromobenzene in 200 c.c. of absolute ether is transferred, by means of 
nitrogen pressure, through a siphon tube into a 3-necked, round-bottomed 
flask. This flask carries a condenser, a drying tube, a funnel, and a tube 
reaching to the bottom to permit stirring by a stream of nitrogen. 
Anhydrous zinc chloride, 33-2 grams, previously dried over phosphorus 
pentoxide, is suspended in 100 c.c. of ether and slowly added to the 
Grignard reagent. The mixture is stirred for one hour in the cold, then 
boiled for one hour, after which 100 c.c. of dry toluene are added and the 
ether removed on the water-bath. The product is cooled in ice and 
14*91 grams of germanium tetrabromide in toluene slowly added with 
vigorous stirring. The mixture is then boiled for sixteen hours on an 
oil-bath under an atmosphere of nitrogen. The mass is decomposed by 
cooling in ice and adding 200 c.c. of 2-Normal sulphuric acid, and the 
water-toluene mixture then boiled until no solid remains. The toluene 
layer is separated whilst still warm, dried, and the solvent removed with 
a vacuum-pump, the residue being recrystallised from benzene and finally 
washed with low-boiling petroleum. The yield may be as high as 95-4 
per cent, if the reaction mixture is boiled sufficiently. The compound 
has also been obtained: (1) By the interaction of germanium tetra
bromide and magnesium phenyl bromide;2 (2) by the interaction of 
germanium tetrachloride and magnesium phenyl bromide;3 (3) by 
adding germanium tetrachloride to sodium and bromobenzene in 
ether. 

Germanium tetraphenyl is a white, crystalline product, 3VI.pt. 235-7° 
C, readily soluble in hot benzene, hot toluene, chloroform, moderately 
soluble in carbon tetrachloride, carbon bisulphide, and acetone, sparingly 
soluble in alcohol, ether, and petroleum ether. It is not affected by 
boiling aqueous caustic alkali, or cold concentrated sulphuric acid, but 
the latter causes sulphonation on warming. Metallic sodium in liquid 
ammonia reacts slowly with germanium tetraphenyl, yielding sodium 
triphenyl germanide, NaGe(C6H5)3j sodamidc, and benzene; and with 
concentrated sodium solutions the colour changes indicate that a second 
phenyl group is substituted.4 

Triphenylgermanium fluoride, (C6H5)aGeP, is obtained in 
practically quantitative yield by heating the corresponding oxide with 
hydrofluoric acid in a platinum dish. The excess of hydrofluoric acid is 
evaporated and the product purified by distillation in a vacuum at 
150° C. The fluoride melts at 76-6° C. (corr.), is insoluble in water, and 
only very sparingly soluble in liquid ammonia, but it is extremely 
soluble in organic solvents. The fluoride is hydrolysed by alkalies, but 
less readily than the bromide. It reacts with sodium triphenyl germanide 
to give hexaphenyldigermane. It is the most stable of the triphenyl 
germanium halides. 

1 Kraus and Foster, J. Amer. Ohem. Son., 1927, 49, 457. 
3 Morgan and Brew, Tram. Ohem. Soc, 1925, 127, 1700. 
3 Tabern, Orndorff, and Dennis, J. Amer* Ohem. Soc.f 1025, 47, 2039. 
4 Kraus and Foster, he. cit. 

3VI.pt
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Triphenylgermanium chloride.3—Triphenylgennanium oxide in 
dry petroleum ether is saturated with hydrogen chloride, when the 
chloride separates in large, colourless crystals, "it may also be obtained 
by dissolving the oxide in boiling alcohol and adding concentrated 
hydrochloric acid, or by saturating a solution of triphenylgermanium 
bromide with hydrogen chloride and cooling. The chloride when 
crystallised from petroleum ether melts at 117° to 118° C. 

Triphenylgermanium bromide was first obtained 2 along with 
germanium tetraphcnyl by the interaction of magnesium phenyl bromide 
and germanium tetrabromide. I t is more readily produced by direct 
broniination of germanium tetraphenyl in boiling carbon tetrachloride3 

or by brominating in ethylene dibromide, the reaction going to com
pletion after a few minutes' warming in the latter case.4 I t crystallises 
from petroleum (B.pt. 40° to 80° C.) in large, colourless, transparent, 
six-sided, refractive, prismatic needles or small compact prisms, M.pt. 
138-7° C , very soluble in the usual organic solvents, but sparingly in 
petroleum ether. 

T r i p h e n y l g e r m a n i u m i o d i d e 5 is a very unstable compound, 
formed by agitating a chloroform solution of the oxide with an aqueous 
solution of hydriodic acid. I t forms pure white crystals from petroleum, 
M.pt. 157° C. (corr.), but becomes yellow when exposed to air for a few 
minutes. I t readily hydrolyses and its solutions in petroleum ether 
become pink when exposed to the atmosphere for a short time, owing to 
the presence of free iodine. 

Triphenylgermanium oxide , 6 Ph3Ge.O.GePh3, is obtained in 
quantitative yield when an alcoholic solution of triphenylgermanium 
bromide is boiled with silver nitrate, filtered from silver bromide and 
diluted with water. I t crystallises from hot petroleum (B.pt. 60° to 
80° C.) in transparent, colourless prisms, M.pt. 182° to 183° C. In 
organic solvents it is more soluble than tetraphenylgermane, but less 
so than triphenylgermanium bromide. Aqueous sodium hydroxide (50 
per cent.) does not attack it, but hydrobromic acid (density l--i<5) con
verts it quantitatively into triphenylgermanium bromide. 

Sodium triphenyl germanide, (C6II5)aGeNa.7~~-T\vo atoms of 
sodium react with 1 mol. of hexaphenyldigermane in liquid ammonia 
according to the equation : 

2Na+[(C6H6)3Ge]2-2NaGe(C6H5)3 

The compound is very soluble in liquid ammonia, solutions changing 
from faint yellow to orange as the concentration increases. Concen
trated solutions are extremely viscous, and crystals from liquid ammonia 
solutions contain 3 mols. of ammonia of crystallisation, which are 
readily eliminated at low pressures. Sodium triphenyl germanide is 
also very soluble in benzene saturated with ammonia, and fairly soluble 
in ether and pure benzene. Solutions in liquid ammonia are as highly 
ionised as ordinary salts, and benzene solutions in the presence of 
ammonia readily conduct the current. Sodium triphenyl germanide 

1 Orndorff, Tabern, and Dennis, J. Aine.r, Ghem. 8Q&, 1927, 49, 2512. 
2 Morgan and Drew, loc. cit, 
3 Kraus and Foster, loc. cit. 
* Orndorff, Tabern, and Dennis, loc. cit. 
5 Kraus and Foster, loc. cit. 
8 Morgan and Drew, loc. cit, 
7 Kraus and Foster, loc. cit. 
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readily oxidises to the germanolate, and with ammonium bromide 
or water, triphenylgermane is quantitatively produced. The sodium 
compound with triphenyl germanium fluoride in liquid ammonia gives 
a small yield of hexaphenyldigermane. Bromobenzene reacts with 
an ethereal solution of sodium triphenyl germanide, yielding principally 
germanium tetraphenyl and some hexaphenyldigermane, whilst with 
tin trimethyl bromide, trimethylstannyl-triphenylgermane is the chief 
product. 

Sodium tr iphenyl germanolate , (C6H5)3GeONa.—This compound 
is the oxidation product of the preceding derivative, the operation being 
carried out in the dry state, or in benzene or liquid ammonia solu
tions. The product obtained from the latter solvent contains 1 moL of 
ammonia of crystallisation, and the dry substance does not melt below 
250° C. I t is very soluble in benzene and petroleum ether, the com 
pound from this solvent melting at about 100° C. The benzene solution 
is orange in colour. 

Triphenylgermane, (C6H5)3GeH, is quantitatively prepared by 
treating sodium triphenylgermanide in liquid ammonia with ammonium 
bromide or a benzene solution of the same compound with water. The 
ammonia is evaporated and the germane extracted with petroleum ether, 
the latter being removed under reduced pressure. The product remain
ing is distilled in a vacuum at 150° C. at 0-01 mm. pressure. The oily 
liquid which distils soon becomes a white solid. Triphenylgermane 
exists in two monotropic forms. The a-form is the most stable and 
melts at 47° C, the fi-form, at 27° C. When the /3-form is maintained a t 
30° C, it completely solidifies immediately when seeded with the a-
form. Triphenylgermane is very soluble in most organic solvents and 
slightly soluble in liquid ammonia. I t shows no tendency to decompose 
up to 250° C.; its hot vapours are irritating and penetrating. On 
long standing in air it shows signs of oxidation. With halogens or 
halogen acids it reacts immediately, forming triphenylgermanium halides. 
Triphenylgermane and sodium in liquid ammonia react to give sodium 
triphenyl germanide, and coloration of the solution shows the presence 
of disodium diphenyl germanide. 

Hexaphenyldigermane,1 [(CtjHs^Ge]^ occurs when triphenyl
germanium bromide in dry xylene is heated with an excess of sodium. 
The product separates on cooling and is recrystallised from warm benzene. 
I t forms large, transparent cubes which crumble to a powder in the air. 
I t is insoluble in boiling aqueous sodium hydroxide. In ordinary 
organic solvents it is only slightly soluble, and is practically insoluble 
in liquid ammonia,2 When suspended in liquid ammonia and treated 
with sodium it is slowly converted into sodium triphenyl germanide 
Bromination in boiling carbon tetrachloride gives triphenyl germanium 
bromide. 

Trimethyls tannyl- t r iphenylgermane, (CIl3)8Sn.Gc(C8II5)3.--
This product is readily obtained by treating a liquid ammonia solution 
of sodium triphenyl germanide with tin trimethylbromide. I t is a white,, 
crystalline solid> M.pt. 88° C, having an odour characteristie of organic 
tin compounds. I t dissolves in most organic solvents and reacts 
quantitatively with bromine to form triphenyl germanium bromide and 
tin trimethyl bromide. 

1 Morgan and Drew, Trans. Cham. Soc.f 1925, 127, 1760. 
2 Kraus and Foster, J^Amer* Chen. Sac* 1027, 49, 457. 
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Phenylgermanonic acid (Germanibenzoic acid).1—The aqueous 
mother-liquors from hydrolysis of the Grignard mixture (used in the 
preparation of germanium tetraphenyl) gradually give a colloidal, white 
precipitate, which is purified by solution in aqueous sodium hydroxide 
and reprecipitation by acid. I t is a white, amorphous powder. 

Triphenyl germanol,2 (C6H5)3Gc.OH.—Sodium triphenyl ger-
manolate is converted to the germanol by treating its liquid ammonia 
solution with ammonium bromide or, better still, its benzene solution with 
water. I t melts at 134*2° C. (corr.) and crystallises from petroleum ether 
in the pure state, but with solvent of crystallisation from benzene. 

Te t r a - anhydro t e t r ak i sd ipheny lge rmaned io l and T r i a n h y d r o -
t e t r a k i s d i p h e n y l g e r m a n e d i o l 3 are both isolated when germanium 
tetrabromide interacts with 5 mols. of magnesium phenyl bromide. 
The quantities used are 48-4 grams of bromobenzene (5 mols.), 9-1 
grams of magnesium, and 200 c.c. of ether. The resulting Grignard 
reagent is added to an ice-cold solution of 24-5 grams (1 mol.) of 
germanium tetrabromide in 100 c.c. of ether. The main product from 
the ethereal extract is 9 grams of triphenylgermanium bromide (37-5 
per cent,). The residual oil, which consists mainly of diphenylgerman-
ium dibromide, together with triphenylgermanium bromide, diphenyl, 
and bromobenzene, is dissolved in 150 c.c. of alcohol and heated for an 
hour with 20 grams of silver nitrate in 100 c.c. of alcohol and 40 c.c. of 
water. The precipitate is mostly silver bromide. The filtrate is 
evaporated, then steam-distilled to remove diphenyl and o-nitrophenol, 
and the residue extracted with ether, then cold petroleum. There 
remains 5 grams of a colourless substance which contains no bromine. I t 
is next dissolved in ethyl acetate several times and fractionally crystal
lised, when the crystals are hand-picked. Three compounds are 
separated in this manner : triphenyl germanium oxide, as thin, rhom-
boidal or pentagonal plates, M.pt. 182° to 183° 0 . ; tetra-anhydrotctrakis-
diphonyIgermanediol; and trianhydrotctrakisdiphenyigermanediol. 

Tetra-anhydrotetrakisdiphenylgermanediol, 

/GePlu.O.GePlw 

\ G e P h o . < X G c P h / 

forms colourless, cubical, and prismatic crystals, the latter with bevelled 
and faceted faces. When purified from petroleum or ethyl acetate it 
melts at 218° 0. 

Trianhydrotetrakisdiphenylgermanediol, OH.GePh2O.GePh2O.Ge 
PhaO.GePh2OIL, M.pt. 149° C , forms colourless, hexagonal prisms or 
flattened, rhomboidal crystals with bevelled edges.4 Both of these com
pounds were examined crystallographically by Barker. 

Germanium tetra-p-tolyl , Ge(C6IIvClI3)(ls
6 is prepared by the 

Fittig and the Grignard reactions, but the first gives the better result. 
p-Bromotolucne, 34-2 grams, and 10-7 grams of germanium tetra
chloride are dissolved in 300 c.c. of dry ether and 4-8 grams of sodium 
are gradually added. The residue is extracted with benzene and added 

1 Morgan and Drew, Tmm. Chew, Boc, 1925,127,1760. 
2 Kraus and Foster, he. ciL 
3 Morgan and Drew, he. ciL 
A Morgan and Drow, he. cti. 
6 Tabern, Omdorff, and Dennis, J. Amer. Chem. Soc, 1925, 47, 2039. 
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to the filtrate. Steam-distillation is followed by removal of the solvents, 
and the pasty mass again dissolved in benzene from which it separates 
on evaporation, and addition of ether gives germanium tetratolyl as 
white crystals. Repeated crystallisation from chloroform and benzene 
yields a pure product, M.pt. 224° C. It is more soluble than the corre
sponding phenyl compound. 

German ium tetrabenzyl, Ge(C6H5.CH2)4.1—Nine grams of mag
nesium turnings suspended in ether are allowed to react with 5 grams 
of benzyl chloride. A mixture of 40 grams of benzyl chloride, 10 grams 
of germanium tetrachloride, and 5 volumes of dry xylene is then added 
dropwise, with mechanical stirring and gentle refluxing. On conclusion 
of the reaction, sufficient xylene is added to form a paste, the ether dis
tilled off, and the residue after heating on the steam-bath for some hours 
is allowed to stand for two days. After working up in the usual manner., 
and steam-distilling to remove dibenzyl, a nearly quantitative yield of 
germanium tetrabenzyl is obtained. When pure it melts at 107° to 108 
C. and is soluble in alcohol and light petroleum. When slowly dissolved 
in an excess of 25 per cent, fuming sulphuric acid below 35° C. it 
yields germanium tetrabenzyl tetrasulphonic acid. Its normal barium salt 
dissolves readily and completely in cold water, but is insoluble in 
acetone, alcohol, and ether. 

Germanium triphenyl p-tolyl, (CflH6)8.Ge.(CeH4.CH3), is formed 
when triphenyl germanium bromide is treated with a large excess of 
p-tolyl magnesium bromide in ethereal solution. To complete the 
reaction, the ether is replaced by dry benzene and the whole boiled for 
eight hours. The reaction product is decomposed by dilute aqueous 
ammonium chloride and steam-distilled to remove ditolyl. The residue 
is then crystallised from petroleum ether and alcohol or from glacial 
acetic acid. The compound melts at 123° to 124° C. 

Germanium triphenyl anisyl, (C6H5)3.Ge.(C6H4.OCII3), prepared 
in a similar manner to the above, melts at 158° to 159° C. It is soluble 
in alcohol, sparingly soluble in cold glacial acetic acid. 

Germanium dimethylaniline triphenyl, (CPI3)2NC6H4.Ge(C6IIr,)3, 
from triphenyl germanium bromide, p-bromodimethylaniline, and 
sodium in xylene, forms brownish, crystalline nodules, M.pt. 140° to 
141° C. The hydrochloride melts with decomposition at 105° to l l5° C, 
is insoluble in water and hydrochloric acid, but soluble in alcohol. 
When treated with alkali it gives the pure, free base. 

Germanium ethyl triphenyl, C2H5.Ge.(C6Hs)3, melts at 75° to 
76° C. 

Aryl Germanic Acid Anhydrides, 

Phenylgermanic acid anhydride, (CflH5GeO)20.~Equimolecular 
proportions of mercury diphenyl and germanium tetrachloride in dry 
xylene are heated in a sealed Pyrex bulb for two days, then diluted 
with dry ether and filtered. The solid residue is pure phenylmercuric 
chloride, and the filtrate is treated with benzene, and finally with water 
containing a few drops of ammonium hydroxide. The granular pre
cipitate which separates at the liquid interface is removed and dried 
at 115° C. The anhydride is a white, fluffy, amorphous solid, with no 
definite melting-point, soluble in excess of alkali, and repreeipitated by 
carbon dioxide, insoluble in water and organic solvents. 

1 Orndorff, Tabern, and Dennis, J. Amer. Ghem, Soc9 1927, 49, 2512. 
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p-Tolylgermanic acid anhydride is obtained by a similar process 
to the above, the reactants being heated at 160° to 190° C, whilst in the 
ease of benzylgerrnanic acid anhydride the temperature required is 
115° to 120° C. 

Dimethylaminophenylgermanic acid anhydride, [(CH3)2NC0H4. 
GeO]20.—Germanium tetrachloride is heated with an excess of dry 
dimethylaniline in a sealed ilask at 100° to 110° C. for two days. The 
anhydride is a pearly white, fluffy powder, soluble in very dilute mineral 
acids and excess of alkali. When kept for some time in an atmosphere 
of dry hydrogen chloride it is converted into the hydrochlm'ide of 
dimethylaniline) germanium trichloride: 

[(CH3)2NC6H4 .GeO]20+8lK^l-2HCl(CH3)2NC6H4 .GeCl3+3H20 

The hydrochloride melts with decomposition at about 110° C. ; 
ammonium hydroxide precipitates the anhydride from its aqueous 
solution. 

* 



* 

CHAPTER XIII. 

ORGANOMETALLIC DERIVATIVES OF TIN. 

THE first organic compound of tin was prepared by Lowig in 1852. By 
heating an alloy of 1 part of sodium and 6 parts of tin with ethyl iodide 
he isolated tin diethyl. In the following year Frankland, by the distilla
tion of this compound, obtained tin tetraethyl. From 1S53 onwards the 
number of organic tin derivatives has steadily increased, and in the last 
ten years considerable attention has been paid to mixed alkyl compounds 
of this metal. The type of compound R4Sn (R=alkyl) comprises only 
five members, of which most work has been done on the ethyl compound. 
Following upon its preparation by the above method it was found that 
tin amalgam containing 14 per cent, of sodium when heated with ethyl 
iodide would produce tin tetraethyl along with tin triethyl iodide. In 
1855 Frankland published his researches on zinc ethyl, and applied 
this compound to the preparation of tin tetraethyl. The disco very of 
the Grignard reagents has, however, eradicated all these older methods, 
and used in combination with stannic chloride or bromide should be 
capable of producing any tin tetra-alkyl having four like groups attached 
to the tin. When the type R4Sn is treated with iodine, one of the alkyl 
groups is replaced by iodine, and the type R3SnX produced. This is 
the starting-point for mixed tetra-alkyls of the type R,3SnR', whicn may 
be formed by treating the iodide with zinc alkyls or magnesium alkyl 
halides. With iodine or bromine at —-40° to —30° C. an alkyl group is 
split out from R3SnR' and R3SnX again produced. When the group X 
in the latter type of compound is iodine, it may be converted to hydroxyl 
by the action of aqueous alkali. By treatment with suitable acids the 
hydroxyl group may be replaced by acid radicles. When R3SnX is 
heated with sodium at 120° C. the hexa-alkyldistannanes, R3Sn.SnR3, 
are formed, and these when acted upon by halogens in the cold, or alkyl 
iodides at 200° C, revert to R3SnX, Addition of iodine to the types 
R4Sn and R3SnI gives R2SnI2, which reacts with zinc alkyls or mag
nesium phenyl halides to give R2SnR2\ Ammonium or basic hydroxides 
replace the iodine in R2SnIa by oxygen, and the oxide with hydrogen 
halides yields the corresponding halides, 

A compound of considerable interest is tin trimethyl, which is 
obtained from tin trimethyl bromide by the action of sodium, the 
operation being carried out in liquid ammonia. 

In 1883 Meyer isolated the first stannonic acid, R.SnO.OH, which 
gives rise to compounds containing only one alkyl group, RSnX3, when 
treated with acids. The stannonic acids themselves are prepared by 
the interaction of alkyl iodides and stannous chloride in potassium 
hydroxide solution, and are all white, amorphous products. 

The reactions of the aromatic compounds of tin are illustrated 
300 
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generally in the scheme below, the phenyl compounds being used as 
examples. The heterocyclic derivatives of tin containing the metal in 
the ring are fully explained in the section dealing with these compounds. 

PhBp+NaSn(2S%Na) MgPhBr+SnCl4 ZnPh2+SnCl 

Ph,SrvMe 

Ph3Sna.Br,i^!lz^phaSn,C7H7 

3o7oNaOITx!&fe, 

n?V .. ML Br 
PhSn-QH PhaSn 'Na *Phs$n+ 

Ph2Sn(0H)Cl 

Ph 2 SnCl 2 ,Br 2 . I 2 T -

alkali 

Halogenacitfe 

MgPhBr+SnCl2 
Ph?SnNa2 

N H 4 B p ^ 

f Ph2SnH2 ^ ^ ' Ph3Sh.SnPh3 

Ph2SnO 

Scheme illustrating the preparation of aromatic tin compounds. 

^ o t f ^ ^ Boiling for 3-4 hours 

,4?£#Z Derivatives of the Type R 4 Sn. 

T i n t e t r a m e t h y l , Sn(CH 3) 4 , is isolated by the fractionation of the 
reaction product formed when 4 par ts of t in amalgam (14 per cent. Na) 
and 3 par t s of methyl iodide are heated first on the water-bath and then 
a t 120° C.1 I t is a liquid, the physical constants of which have been 
given as follows ; B.pt . 76° to 78*° C . ; density 1*338 a t 0° C, 1-29136 
a t 25-5° C. ; nH 1-51749 ; n D 1-52009 ; n 7 1-53141. The compound is 
insoluble in water, reduces alcoholic silver ni t ra te solution, with iodine 
yields t in t r imethyl iodide, and on warming with stannic iodide gives a 
mixture of t in methyl tri-iodide and tin tr imethyl iodide. 

T i n t e t r a e t h y l 2 may be prepared: (1) By the distillation of t in 
diethyl . (2) When a t in amalgam containing 14 per cent, of sodium is 
heated with ethyl iodide, t in te traethyl is formed, along with some tin 
t r ie thyl iodide. (3) By adding anhydrous stannous chloride to zinc 
ethyl, taking care no t to use excess of the chloride, and also to keep the 
tempera ture down during the reaction. The product is distilled from 
an oil-bath, and the distillate poured into water, whereby the t in diethyl 
is destroyed, and the t in te t raethyl obtained as an oil, which is washed, 
dried, and fractionated.3 (4) By the interaction of zinc ethyl iodide 
and powdered t in a t 150° t o 160° C. Such a high temperature is not 
required if the tin be added to zinc copper couple and ethyl iodide. 

* Ladonburg, Annuten fteppl, 1872, 8, 75 ; Oliira, Gazzetta, 1894, 24, i. 322. 
2 Frankland, Anna ten, 185,1, 85, 340; 1859, i n , 40; FranMand and Lawrance, 

Tram. Ohem. Hoc, 1870,35, 130; Ladenlrarg, Annakn Suppl* 1872,8, G4; Letts and Collie, 
PML Mag.t 1843, [5|, 22, 45; Jahresber., 1886, p. 1001; Pfeiffer and Sehnurman, Ber.9 
1904, 37, 320 ; Bucttcm, Annakn, 1859, 109, 225; Pope and Peaohey, Proe. Ohem. Soc.t 
1903,19, 290; Gladstone, Tram. Chem. Soc.f 1891, 59, 293. 

3 frankland and Lawrance, he. cti. 
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Experiments with zinc-tin alloys and ethyl iodide show that in alloys 
containing from 1 to 50 per cent, of tin, half the latter metal is converted 
to tin tetraethyl. The yield of this compound is almost proportional to 
the mass of tin in the alloy, until it contains one-third of its weight of 
tin, after this the alloy becomes almost inactive, and the time necessary 
to complete the reaction increases considerably.1 (5) From tin diethyl 
di-iodide and zinc ethyl. (6) By the Grignard reaction, using stannic 
bromide or chloride, yields of 70 and 73 per cent, respectively are 
obtained. The preparation is carried out as follows : Twenty grams of 
ethyl bromide and 4-5 grams of magnesium are dissolved in 80 c.c. of 
dry ether, and then 10 grams of stannic bromide or an equivalent weight 
of chloride in light petroleum added, and the whole refluxed for one hour. 
After cooling the mass is decomposed with dilute hydrochloric or acetic 
acid, the ether layer separated off and dried over calcium chloride. I t 
should be noted that if this ether layer is dried over potassium carbonate, 
tin triethyl carbonate is formed. 

The compound is a mobile, highly refractive liquid, insoluble in water, 
but soluble in ether. I t boils at 175° C.;2 180° to ] 81° C. at 758 mm.; 3 

density 1-187 at 23° C.; nu 1-5143. I t is unattacked by aluminium, 
sodium, or magnesium up to ISO0 C, but slightly by benzaldehyde. 
Likewise acetone and ethyl oxalate have no action, nor the following 
gases at ordinary temperature ; ammonia, carbon monoxide, carbon 
dioxide, cyanogen, nitric oxide, oxygen, or hydrogen sulphide. Sul
phur dioxide is slowly absorbed with the formation of tin triethyl-
sulphate and tin triethyl ethyl sulphonate. When warmed with concen
trated hydrochloric acid, tin tetraethyl yields ethane and tin triethyl 
chloride; and with thallic chloride, thallium diethyl chloride and tin 
diethyl dichloride.4 Treatment with iodine gives ethyl iodide and tin 
triethyl iodide. 

Tin tetrapropyl5 may be prepared by the interaction of tin tri-
propyl iodide and zinc dipropyl. I t is a liquid, B.pt. 222° to 225° C. at 
760 mm. and 116° C. at 13 mm. ; density 1-179 at 14° C. and 1-1065 at 
20-2° C.; nH« 1*47126, nD 1*47448, nK/3 1-48260, nHJ 1-48936, at 20-20.6 

Tin tetra-isobutyl melts at —13° C. and boils at 143° C. at 16-5 mm., 
density 1*0540 at 23° C ; nH« 1-47112, nD 1-47423, nm 1*48206, nHv 
1-48863, at 23° C. 

Tin tetra-isoamyl7 is readily prepared by treating isoamyl iodide 
with tin amalgam, or from magnesium isoamyl chloride and tin tetra
chloride.8 I t is a liquid, easily soluble in alcohol or ether and boiling 
at 188° C. at 24 mm.; density 1-0353 at 19-6° C.; na 1-46946, n n 1-47242, 
n^ 1-47989, n7 1-48607, at 16° C. 

Alkyl Derivatives of the Type R3SnR'. 

Tin trimethyl ethyl, Sn(CH3)3(C2H5); was first isolated from tin 
trimethyl iodide and zinc ethyl,9 but later from tin trimethyl iodide and 

1 Letts and Collie, Proc. Ghem. Soc, 1886, 2, 166. 
2 Pfeiffer and Schnurmann, Ber. 1904, 37, 320. 
3 Frankland, Annalen, 1853, 85, 340; 1859, 111, 46. 
* Goddard and Goddard, Trans. Ghem. &oc.9 1922, 121, 256. 
5 Cahours, Jahresber., 1873, p. 519. 
6 Griittner and Krause, Ber., 1917, 50, 1802. 
7 Grimm, Annalen, 1854, 92, 394. 
8 Krause, Ber., 1918, 51, 1447. » Cahours, Annalen, 1862, 122, 48, 
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magnesium ethyl bromide.1 The compound is soluble in ether, and 
boils at 107° to 108° C. under 758 m m . ; density 1-243. Treatment 
with iodine yields ethyl iodide and tin trimethyl iodide. 

T i n t r i m e t h y l n - p r o p y l is a colourless liquid, boiling at 129° C. at 
761. mm. 

T i n t r i e thy l m e t h y l has been prepared 2 in the same way as the 
tr imethyl compound. I t possesses similar properties to the latter 
compound, boils at 102° to 163° C , and with iodine splits off the methyl 
group, yielding tin triethyl iodide. 

T i n t r i e thy l n - p r o p y l may be isolated by the action of magnesium 
n-propyl bromide or iodide on tin trimethyl bromide. I t boils at 195° C. 
at 764 mm. 

Table X I I I . of the Appendix gives a list of compounds prepared by 
the following general method, together with their physical constants.3 

Three times the calculated quanti ty of magnesium alkyl halide is used, 
and after the introduction of the tin alkyl halides the mixture is boiled 
under rcllux for two hours, the ether removed, and the residue baked on 
the water-hath for one hour. After cooling, ether is added, and the 
whole decomposed with water. Mixed tin tetra-alkyls are converted 
into mixed tin trialkyl bromides of the type R 2 R'SnX by the action of 
bromine at - W)° to —30° C , an alkyl group being split out, this 
resembling the bromination of lead alkyls. 

Alkyl Derivative of the Type R 2SnR 2 ' . 

T i n d i m e t h y l d ie thy l , Sn(CH3)2(C2H5)2, may be obtained in a 
variety of ways : (1) From tin diethyl iodide and zinc methyl.* (2) 
From tin dimethyl iodide and zinc ethyl.5 (3) By the interaction of 
magnesium methyl iodide and tin diethyl chloride, bromide, or iodide ; 
or by the action of magnesium ethyl bromide on tin dimethyl chloride, 
bromide, or iodide, the action taking place in ethereal solution.6 

The compound is a colourless liquid, B.pt. 144° to 146° C. ; density 
1-2603 at 0° C , or 1-232 at 19° C. I t decomposes on distillation, and 
with iodine the methyl groups are split off and tin diethyl iodide is 
formed. 

For further compounds7 see Table XIV. of Appendix. 

Alkyl Derivatives of the Type R 2 SnR'R" . 

Tin dimethyl ethyl propyl,8Sn(CII3)2(C2H5).CH2.CH2.CH3>isolated 
from the action of magnesium propyl bromide or iodide on tin dimethyl 
ethyl bromide is a liquid, boiling at 153° C. a t 762 mm. 

Tin methyl ethyl dipropyl from magnesium propyl bromide and 
t in methyl ethyl bromide is a colourless liquid, B.pt. 183° to 184° C. at 
758 mm. 

Tin ethyl n-propyl d i - i soamyl 9 boils at 141° to 142° C. a t 17 mm., 
1 Pope and Peaohey, Proc. Chem. Soc9 1903, 19, 290. 
a Cahours, loc. cit. 
3 Urnttnor and Krauae, Bcr., 1917, 50, 1802. 
* "Frankland, Annate^ 1859, i n , 50. 
8 Morgunow, Annakn, 1H(>7, 144, 157. 
6 Pope and Pcaohey, he. cit. 
7 Grtittner and Krause, he. cit 
8 Pope and Peaohey, loc. cit 
6 Oruttnor and Krauze, loc. cit. 
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density 1-0654 at 21-9° C.s nHa 1-46902, nD 1-47214, nH/3 1-47996, nBy 
1-48652, at 21-9° C. 

Alkyl Derivatives of the Type R3SnX. 

Tin trimethyl fluoride, Sn(CH3)3F.:I—This compound, in common 
with the other fluorides of tin, may be prepared either by the addition of 
aqueous hydrofluoric acid to the corresponding trialkyl hydroxide, or 
by treating alcoholic solutions of other tin trialkyl halides with excess 
of a neutral aqueous solution of potassium fluoride. The compound 
forms colourless prisms, which commence to darken at 360° C. and 
blacken at about 375° C. 

Tin trimethyl chloride 2 may be formed from the hydroxide by 
the action of hydrochloric acid. I t has more recently been obtained 
from tin trimethyl solutions by the action of calcium chloride in dry air, 
and by treating tin trimethyl with mercuric chloride in ethereal solution.3 

I t is a liquid having similar properties to the ethyl compound. I t forms 
a compound with 1 mol. of aniline., and with 1 mol. of pyridine, 
the latter melting at 37° C.4 By reduction with sodium in liquid 
ammonia it yields sodium trimethyl stamiide, which is a light yellow 
substance readily decomposing above the temperature of liquid ammonia. 
I t reacts with tin trimethyl halides to give tin trimethyl. The electrical 
conductivity of tin trimethyl chloride in absolute alcohol at 25° C. has 
been determined.5 

Tin trimethyl bromide 6 is formed when tin tetramethyl is treated 
with bromine.7 It melts at 27° C. and boils at 165° C.; with ammonia it 
gives a stable compound, Me3SnBr.NH3, and with sodium in liquid 
ammonia, tin trimethylis precipitated. Sunlight acts upon the bromide, 
forming the compound (Me3Sn.OH)2.MeGSnBr, which may also be pro
duced by bringing together the components in benzene solution. In 
alcoholic solution the complex, Me3SnOH.Me3SnBr.H20, M.pt. 210° to 
211° C. with decomposition, is obtained. 

Tin trimethyl iodide is obtained in several ways, namely : (1) By 
heating 4 parts of tin amalgam (14 per cent. Na) with 3 parts of methyl 
iodide, first on the water-bath, then at 120° C.8 (2) From 1 part of tin, 
heated with 2-5 to 3 parts of methyl iodide at 150° to 160° C.0 (3) By 
treating tin tetramethyl with iodine. (4) From tin tetra-iodide and 
magnesium methyl iodide, in ethereal solution.10 The compound is a 
liquid, boiling at 170° C. at 760 mm. or 71° C. at 13 mm.; it may be 
solidified when cooled and melts at 3*4° C. Its density at 0° C, is 2-1432; 
at 18° C, 2*1096. When dry ammonia is passed into its alcoholic 
solution, needles separate out, Me3SnI.2NH3, which are soluble in cold 
water, but decomposed on boiling, and sparingly soluble in ether. 

1 Krause, Ber., 1918, 51, 1447. 
a Cahours, Annalm, 1860, 114, 354. 
a Kraus and Sessions, J. Avn&t. Chem. JSoc, 1925, 47, 2361. 
4 Kraus and Greer, J. Amer. Ohem, Soc, 1923, 45, 3078. 
s Kraus and Callfe, / . Amer. Ghem. Soc.s 1923, 45* 2629; Kra.ua and Greer, ibid.y 

1923, 45, 2940. 
6 Cahours, loo, cit. 
7 Kraus and Sessions, loc. cit. 
8 Ladenburg, Amakn SuppL, 1872, 8, 75 ; Ber., 1870, 3, 358. 
9 Cahours, Annalen, 1860, 114, 367. 

10 Herffer and Heller, Ber., 1904, 3% 4619. 
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Aniline yields the compound, Me3SnI.2PhNH2, soluble in alcohol or boiling 
water, and which may be distilled without decomposition. Crystalline 
compounds are also obtained with isoamylamine and pyridine, the latter 
melting at —17° C. The iodide forms the complexes (Me3Sn.OH)2. 
Me3Snl and Me3Sn.OH.Me3SnLH20, M.pt. 221° C. with decomposition. 
The electrical conductivity of the iodide in various solvents has been 
determined.1 

Tin t r ime thy l hydroxide is isolated from the iodide by action of 
potassium hydroxide. I t crystallises in prisms and is volatile in steam. 
The aqueous solution is strongly alkaline, and the solubility in alcohol 
is greater than in water. With tin trimethyl halides it forms complexes 
of the type (Me3SnOII)2.Mc3SnX9 the bromide melting at 113° to 115° C. 
with decomposition ; iodide 143° to 153° C. with decomposition ; also 
the type Mc3SnOH.Me3SnX.IIgO, the chloride, M.pt. 90° C.; bromide, 
M.pt. 210° to 211° 0. with decomposition; iodide, M.pt. 221° C. with 
decomposition. The electrical conductivity of solutions of the hydroxide 
has been determined by Bredig.-

T in t r imethy l su lpha te crystallises in brilliant rhombic pyramids, 
for which a : b : c==0-S872 : 1 : 1-0858.8 

T i n t r ime thy l su lphide , formed by the addition of sulphur to a 
solution of tin trimethyl in benzene, has M.pt. 6° C, B.pt. 233*5° to 
235*5° C. at 750 mm., density 1-040 at 25° C. The corresponding 
formate* crystallises in prisms of low melting-point, which can be sub
limed, and are easily soluble in water or alcohol. The acetate forms 
needles having similar properties to the formate. 

T i n t r imethy l ethylate is a liquid boiling at 65° to 06° C, and 
prepared from the iodide and sodium ethylate at 130° C. I t is con
verted to tin tetramethyl on distillation with sodium. 

T in t r ie thyl salts.- -The fluoride* crystallises from alcohol or 
acetic acid in large, pure white, glistening prisms, which sublime above 
180° C. and melt at 302° C. (corr.), to a colourless, clear liquid. The 
aqueous solution of the fluoride turns litmus wine-red. 

The chloride is a liquid of extremely pungent odour, B.pt. 208° to 
210° C. or 04° C. at 13 mm. ; density 1-428 at 8° C. Cooled to 0° C. it 
forms a crystalline mass, easily soluble in methyl or ethyl alcohol and 
ether, sparingly in water.0 I t forms the following double salts, 2Et3 
SnCLPtCl4, dark red needles ; Et3SnCLPtCl t, yellow octahedra. 

The bromide occurs as a colourless, pungent liquid, B.pt. 222° to 
224° C. ; density 1-630.7 I t has a similar solubility to the bromide. 

The iodide may be prepared in a variety of ways : (1) By heating 
80 grams of ethyl iodide with 100 grams of tin amalgam (14 per cent. 
sodium).8 (2) By the action of iodine on tin tetraethyl. (3) By treat
ing hcxa-ethyldistannane with iodine, or heating it with ethyl iodide at 
about 220° C. I t melts at -34-5° C ; B.pt. 231° C. (Ladenburg), 235° 
to 238° C. (Cahours), 117° C. at 13 mm.,9 density 1-833 at 22° C. When 

1 Kxaus and OaUis, he, cU, 
8 Bredig, ZeiUch .physihal. Chem,, 1894, 13, 303. 
3 Hjortdahl, Compt rend., 1879, 88, 584; Jahwber., 1879, p- 773; 1880, p. 939. 
* Cahours, Annaten, 1860, 114, 378. 
s Krause, Ber„ 1918, 51, 1447. 
6 Cahours, Aimakn> 1860,114, 354. 
7 L5wig, Annalen, 1852, 84, 330. 
* Ladenburg, he. tit.; Ldwig, he, cit,t 308; Cahours, Anmkn, 1860,114, 246, 361. 
» Grlittner and Krause, Ben, 1917, 50,1802. 

VOL, XI. : I- 2 0 

Mc3SnOH.Me3SnX.IIgO


306 ORGANOMETAIIIC COMPOUNDS. 

distilled with potassium hydroxide the base is formed. Heated with 
sodium the iodide is converted into hexa-ethyldistannane, and by iodine 
into tin diethyl iodide. The tin triethyl ethylate is formed by treatment 
with sodium ethylate. The following double salts have been prepared; 
Et3SnL2NH8, needles; Et3SnI.2C5H13N (isoamylamine) plates. 

The sulphide is a yellow liquid.1 

The hydroxide is formed from the iodide by the action of aqueous 
caustic alkali. I t crystallises from ether in glistening prisms, M.pt. 13° C. 
(Ladenburg), 44° to 45° C.,2 B.pt. 272° C. (Cahours). 

The aqueous solution has an alkaline reaction, and prolonged boiling 
causes the formation of an anhydride. 

The sulphate is dimorphous. The stable form crystallises in hexa
gonal prisms terminated by pyramids, whose dimensions are very like 
those of potassium and thallium sulphates.3 

Tin triethyl sulphate. . . a : aV3 : c=-5773 : 1 : -7217. 
Potassium sulphate . . . a : b : c =-5727 : 1 : *7464. 

The labile form crystallises in regular octahedra. The sulphate is 
easily soluble in alcohol, sparingly soluble in water. 

The selenate forms regular octahedra, soluble in water or alcohol.4 

The following salts have also been prepared : nitrate, crystalline and 
easily soluble; phosphate, bushy needles, very easily soluble in dilute 
alcohol, sparingly in ether;5 carbonate, prisms from ether; cyanide, 
needles, which can be sublimed;6 cyanate, prisms; formate, needles, 
subliming when strongly heated, easily soluble in dilute alcohol, sparingly 
in water; acetate, needles, M.pt. 230° C.; butyrate, needles; oxalate, 
prisms ( + H 2 0 ) ; tartrate, cubes; diiartrate, crystalline (+H aO) ; 
ethylate, fuming liquid, B.pt. 190° to 192° C, or 82° C. at 13 mm., density 
1*2634 at 0° C, immediately decomposed by water, giving alcohol and 
tin triethyl hydroxide. 

Tin tripropyl salts are as follows: fluoride, (C3H7)3SnF, crystallises 
from hot alcohol in prisms, from dilute alcohol in centimetre-long, fine, 
glistening needles. When heated in a sealed tube it melts at 275° C. to 
a clear, colourless liquid; the chloride has M.pt. —23-5° C, B.pt. 123° C, 
at 13 mm,, and may be obtained from the base ; the bromide has M.pt. 
-49° C, B.pt. 133° C. at 13 mm.; the iodide has M.pt. —53° €., B.pt. 
260°to 262° C, or 141° C. at 13 mm., density 1-692 at 16° C.7 and is formed 
in the usual way from n-propyl iodide and tin amalgam. With potassium 
or ammonium hydroxide it yields the hydroxide, which crystallises in 
prisms. I t is volatile and only sparingly soluble in wrater. 

Tin tri«isopropyl salts : the iodide* is obtained by the action of tin 
amalgam (10 per cent, sodium) on isopropyl iodide. It is a liquid, B.pt. 
256° to 258° C. With potassium hydroxide it forms the base. 

Tin tri-isobutyl salts are as follows : fluoride, prisms melting at 
1 Kulmiz, Jahresber., I860, p. 377. 
2 Ladenburg, Annalen Suppl., 1872, 8, 75; Ber., 1870, 3, 358: Cahours, Ann<den> 

1860,114,246,361. 
3 Hjortdahl, Cornet, rend., 1879, 88, 584 
4 Hjortdahl, Jahresber., 1880, p. 939. « Kulmiz, loc. cit. 
6 Cahours, Annalen, 1862, 122, 50-
7 Cahours, Gompt. rend., 1873, fa 137; Jahresber., 1873, p. 519. 
8 Cahours, Compt. rend,, 1879, 88, 725 ; Cahours and Dema^ay, ibid., 1879, 88, 
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244° C. (corr.) ; iodide, B.pt. 284° to 286° C., or 151° C. at 13 mm., 
density 1-540 at 15° C.; x hydroxide, B.pt. 311° to 314° C.2 

The following tin tr i - isoamyl salts have been isolated: fluoride, 
fine needles, M.pt. 288° C. (corr.); chloride, M.pt. 30-2° C, B.pt. 174° C. 
a t 13 mm. ; bromide, M.pt. 21° C.s B.pt. 177° C. at 13 mm. ; iodide, M.pt. 
- 2 2 ° C , B.pt. 302° to 305° C , or 182° C. at 13 mm. ; hydroxide, B.pt. 
(without decomposition) 335° to 33S° C. 

Alkyl Derivatives of the Types R 2 R'SnX; RR'SnX 2 ; RxR2R3SnX. 

The preparation of the first type of compounds, the tin trialkyl 
bromides, has already been given under type R 3SnR' (p. 303).3 The 
chlorides are formed from the corresponding bromides by dissolving the 
latter in 5 parts of ether and shaking the solution with half its volume 
of 33 per cent, alkali. This produces the hydroxide, dilute hydrochloric 
acid giving the chloride. For list of compounds of type R2R'SnX, see 
Table XV. of Appendix. 

Tin ethyl propyl dichloride:1—This compound is obtained from 
tin ethyl propyl dibenzyl by the action of concentrated sulphuric and 
chlorosulphonic acid. The aqueous solution of the sulphonation 
product is treated with ammonium hydroxide, the precipitate filtered 
off, dissolved in hydrochloric acid, and the acid solution extracted with 
ether. Removal of the solvent yields the dichloride in needles, M.pt. 
57° to 58° C , which have an unpleasant odour, and are readily soluble in 
alcohol, water, or ether, sparingly in light petroleum. 

Tin methyl ethyl n-propyl iodide.5—The compound is obtained 
by the following series of reactions :— 

1. 2Me,SnI+ZiiBto«2Mc 8SiiEt+ZnI a 

2. Me ,SnEt+L>-Me 2 EtSnI+MeI 
3. 2Me2KtSnI +ZnPr, =2Mc2EtPrSn + Z n I 3 
4. Me 2 EtPrSn+I 2 =MeEtPrSn I+MeI 

The final product is externally compensated tin methyl ethyl n-
propyl iodide, 

M e v y P r 
>Sn< 

E t / M 

a faint yellow oil, B.pt. 270° C , practically insoluble in water. When 
shaken in molecular proportions with an aqueous solution of silver 
dextro-camphorsulphonate, tin methyl ethyl n-propyl dextro-camphor-
sulphonaie is deposited. I t crystallises from water in lustrous, square 
plates, M.pt. 125° to 126° C. In dilute aqueous solution it has a mole
cular rotation [M]i> +95° , so that for the monobasic radicle Me.Et.Pr. 
Sn— [M]i> is about 45°. From the mother-liquors of this salt, no salt 
of the laevo base can be obtained. No better results have been obtained 
using silver dextro-bromocamphorsulphonate. The hromocamphor-

x Oahours and Demargay, Compt. rend., 1879, 88, 1112; Cahours, ibid., 1873, 77, 
1404; Jahnnber., 1873, p. £20. 

3 Cahours and Denw^&y, Gompt, rend., 1879, 89, 70. 
3 Griittner and Krauae, Ber., 1917, 50, 1802. 
* Smith and Kipping, Trans. Ohem, 80c, 1912, 101, 2553. 
6 Pope and Peachey, Proc. Chem. 8oo.y 1912, 28, 42,116, 
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sulphonate crystallises from acetone in colourless plates, M.pt. 194° to 
197° C.5 which in dilute aqueous solution have the molecular rotation 
[M]D +31S0. Allowing the value [M]B +270° for the bromocamphor-
sulphonic acid radicle, this gives [M]D +48° for the basic radicle, 
which compares favourably with the previous value. 

Alkyl Derivatives of the Type R3SnX2. 

Tin dimethyl salts.—Difitwride.1—A solution of 40-3 grams of tin 
dimethyl di-iodide in 50 c.c. of warm alcohol is treated with a neutral 
solution of 11*6 grams of potassium fluoride in 25 c.c. of water, when 
snow-white plates separate out. The fluoride decomposes above 360° C. 

The dichloride is obtained by treating the oxide with an excess of 
hydrochloric acid. It crystallises in rhombic prisms, M.pt. 90° C, 
B.pt. 188° to 190° C, soluble in ether or water, very soluble in alcohol2 

Measurements of the proportions between the axes gives a : b : c ™ 
0-8341 : 1 : 0-9407.3 With platinie chloride, Me2SnCl2.PtCla,7H20, red 
rhomboids are produced. 

The dibromide crystallises in plates from alcohol, M.pt. 74° G.,4 B.pt. 
208° to 210° C. 

Di-iodide.—Tinfoil is heated with 2-5-3 parts of methyl iodide at 150° 
to 160° G. I t forms yellow crystals from alcohol-ether solution, M.pt. 
30° C, B.pt. 228° C., 33° C. at 13 mm,, density 2-872 at 22° C. I t is 
readily soluble in alcohols, ether, or acetone. Its aqueous solution when 
treated with ammonium hydroxide yields the oxide. 

Oxide.—This may be isolated in two ways: (1) It is formed as a by
product, when an alcoholic solution of methyl iodide is shaken for one to 
two days with alkaline stannous chloride, for details see corresponding 
ethyl compound.5 Yield 25 per cent. (2) Heating methyl stannonic 
acid with concentrated alkali hydroxides.6 It is an amorphous powder, 
insoluble in water, alcohol, or ether, and aqueous alkali. With acids it 
yields the corresponding salts. 

Sulphate.—Its crystals consist of rhomboidal prisms, inclined at 
74° 50' with the base and the positive hemiorthodome, the vertical axis 
making an angle of 83° 75' with the inclined axis, which is the longest. 
I t is not isomorphous with lead and barium sulphates, although the 
lengths of its axes are sensibly the same.7 

Me2SnS04 . . . . 1-3213 : I : 1-6630 
BaS04 . . . . 1-3127 : 1 : |(l-6352) 
PbS04 . . . . 1-2915 : 1 : | ( 1-5728) 

I t is easily soluble in water, but not readily in boiling alcohol. 
Diformate.—This is deposited in prisms from alcohol, which partially 

sublime without decomposition. Its crystals resemble those from 
calcium, barium, and lead formates. 

1 Krause, Ber., 1918, 51, 1447. 
2 Cahours, AnnaUn, I860, 114, 374. 
3 Hjortdahl, Jahresber., 1880, p. 390. 
4 Pfeiffer and Lehnardt, Ber.t 1903, 36, 3027. 
6 Pfeiffer and Lehnardt, ibid. 
6 Pope and Peachey, Proc. Roy. Soc„ 1903, 72, 7. 
7 Hjortdahl, foe. cit -
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Tin dimethyl diformatc . a : b : e=-7287 : 1 : -4784 
Calcium formate „ —-7599 : 1 : -407] 
Barium formate . =-7650 : 1 : 2(-4319) 
Lead formate . =-7417 : 1 : 2(-4219)1 

A diacetate, dibutyrate, divalerate, and dicaprylate have been prepared, 
also double salts of above compounds with pyridine and quinoline.2 

Tin diethyl salts.—Difluoride.- -This crystallises in tufts of needles, 
or rhombic plates, M.pt. 287° to 290° C, previously sintering at 240° C. 
I t forms a double salt, Et2SnF2.2KF> which crystallises in stout leaflets. 

Bichloride— (1) Prepared by treating the oxide with aqueous chloride 
solutions, or adding ammonium hydroxide to a hot alcoholic solution 
of the dichloride—these preparations giving the double salt, EtaSnCl2. 
E t 2 3n0 . 3 (2) By adding hydrochloric acid to the oxide. 

The anhydrous compound melts at 84° C, when hydrated at 74° C , 
B.pt. 220° C , and when freshly prepared it is soluble in alkalies. I t 
forms the following double salts; EtaSuCl2.2NH3, an amorphous, white 
powder, decomposed by water ; Et2SnCl2.PtCl4.7H209 tetragonal 
bipyramids. 

Dibrmnidc.—Occurs as white needles from alcohol, M.pt. G3° C.,4 

B.pt. 232° to 233° C. or 74° C. a t 13 mm., easily soluble in water, alcohol, 
or ether. 

Di-iodide.—(l) Obtained by the action of sunlight on a mixture of tin 
and ethyl iodide or by heating the mixture at 180° C.s (2) By heating 
together tin amalgam and ethyl iodide. (3) From tin tetraethyl and 
4 atoms of iodine.0 (4) From tin triethyl iodide and iodine. (5) From 
tin diethyl and iodine.7 I t crystallises from alcohol in needles, M.pt. 44° 
to 45° C,.8 B.pt. 245° to 2W>° C, readily soluble in ether or hot water, 
sparingly in cold water. I t forms the following double compounds:— 

Kt a SnI 2 .2NH s ; Et2SnI2 .3Et2SnO; Et2SnI2 .Et2SnO 

The following salts are also known : sulphate, crystallises in plates, 
soluble in alcohol or water ; diniirate, crystallises in prisms and forms a 
double salt with the oxide, Et 2 Sn(N0 3 ) 2 .Et 2 SnO.H 2 0; phosphate, 
needles; diformate, prisms, easily soluble in water, sparingly in alcohol; 
diacetate, prisms or plates from alcohol, sparingly soluble in water, readily 
in organic solvents; dioxalate, white powder; di-iodide-dicyanide, Et2Snl2 . 
Et3Sn(CN)2 , a crystalline powder formed from the iodide by the action 
of silver cyanide; dithiocyanate, crystals from alcohol, readily soluble in 
ether. 

Otdde,—(1) Obtained by treating the iodide with ammonium hydrox
ide. (2) Potassium hydroxide, 23 grams in 150 c.e. of water, is mixed and 
shaken with 15 grams of stannous chloride in 50 c.c. of water. The black 
precipitate is filtered off and 10 grams of ethyl iodide added and a fair 
bulk of alcohol After six to eight hours' heating on the water-bath, 
most of the alcohol is distilled off and carbon dioxide passed into the warm 

1 Hjortdahl, Jahresber., 1879, p. 772. 
2 Pfeiffer, Annakn, 1910, 376, 310. 
8 Strecker, Annakn, 1862, 123, 368. 
4 Werner, ZA anarg. Okem., 1898, 17, 90. 
6 BVanklaud, Annalen, 1853, 8$, 332; Cahoura, ibid., 1860, 1x4, 354. 
6 Ladenburg, Ber.t 1871, 4, 20. 
7 L6wig, Arrnalm, 1862, 84, 321. 
8 Heiffer, Ber„f 1902, 35, 3303, 
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solution- Three grams of a white, powdery precipitate are obtained, 
which consists principally of the required oxide. It is an amorphous 
powder, insoluble in water, alcohol, or ether, but dissolving readily in 
acids or alkalies. Hydrogen halides convert it to the corresponding 
halogen compounds.1 

Tin dipropyl salts.—Normal Propyl Compounds: Difiuori"<fc\—This 
crystallises from methyl alcohol on concentration in rosettc-like groups 
of plates, sintering at 200° C. and melting at 204° to 205° C. 

Bichloride.—-The di-iodide is dissolved in potassium hydroxide and the 
solution acidified with hydrochloric acid. It forms magnificent colour
less, rhombic crystals, M.pt. 80° to 81° C, consisting of very acute 
pyramids, with very perfect cleavage parallel to the base, resembling 
the cleavable pyramids of mercuric bromide. 

Tin di-n-propyl dichloride . a : b : c=-G943 :1 : £(1-0047) 
Mercuric chloride . . „ =-7254 : 1 : 1-0648 
Mercuric bromide . . „ —6S17 : 1 : 1-0183 * 

The di-iodide is obtained by heating tin foil with propyl iodide.3 I t 
boils at 270° to 273° C, but is decomposed on distillation, yielding 
stannous iodide, and a gas is evolved. 

Oxide.—When the preceding compound is treated with potassium 
or ammonium hydroxides, the oxide separates as a white, amorphous 
substance. I t is insoluble in alcohol, ether, or water. Halogen aeid.s 
convert it to the corresponding salts. 

The following salts are known, most of which appear to have good 
crystalline structures: dinitrate, sulphate, diformaie, diaeetate, oxalate, 
and tartrate. 

Isopropyl Compounds.—The dichloride, melting at 56-5° to 57-5° (1, 
insoluble in water, soluble in alcohol or ether, and the di-iodide, B.pt. 
265° to 268° C, are prepared by the usual methods. Oxide, prepared 
from the trichloride in the usual manner, is an infusible powder. With 
hot concentrated hydrochloric acid it yields tin di-isopropyl dichloride, 
transparent crystals from benzene, M.pt, 80° to 84° C, soluble in water, 
alcohol, hot benzene, or hot glacial acetic acid. With pyridine hydro
chloride it gives (C3H7)2SnCl2.2C5H5N.2HCl. Tin di-isopropyl di-
bromide forms pale yellow, hygroscopic crystals, melting about 54° C. 
I t also forms a complex with pyridine hydrobromide. A diformaie, 
diacetate, and oxalate are also known. 

Tin di-isobutyl salts.—The dichloride is a colourless, mobile, heavy 
liquid, B.pt. 260° to 262° C, solidifying at 5° to 6° C. to a mass of silky 
needles resembling asbestos, whilst the di-iodide occurs as a colourless 
liquid, B.pt. 290° to 295° C, obtained by heating tin foil and isobutyl 
iodide to 120° or 125° C. in a sealed tube for several hours. With 
potassium or ammonium hydroxide it yields a white, amorphous pre
cipitate of the oxide, which gives crystalline salts with acids. 

Tin di- isoamyl salts.—The following have been isolated: dichloride, 
M.pt. 4° to 5° C.; sulphate, white, insoluble powder; oxide, amorphous 
powder.4 

1 Pfeiffer, Ber., 1902, 35, 3303. 
2 Hjortdahl, Jahresber., 1879, p. 772. 
5 Cahouxs and Demaryay, Compt. rend.r 1879, 89, 70. 
* Grimm, Annalen, 1854, 92, 384, 390; Cahours and Dema^ay, Compt. rmd., 1879, 

, 68. 89 
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The following ammonia and amine compounds of tin dialkyl halides 
have recently been described l : tin dimethyl dichhride dianiline, Me2Sn 
Cl a .2PhNH a ; the diquinoline salt forms white crystals, M.pt. 40° to 60° C , 
unstable in moist air, the dibromide melting at 80° to 115° C. Tin diethyl 
dichloride and dibromide both form dianiline, and the latter a monoaniline 
compound. Tin dipropyl dibromide yields a dianiline derivative. 

All the ammonia compounds are of the type R2SnX2 .4NH3 , except 
the tin diethyl dichloride compound, which only contains 3NHS. 

A collection of physical data of various tin alkyls is shown in Table 
XVI. of the Appendix.3 

Alkyl Derivatives of the Types R.SnO.OH; RSnX3 . 

Methyl s t annon ic acid.3—Preparation : Twenty grams of stan
nous chloride in 50 c.c. of water are added with stirring to 100 c.c. of 
20 per cent, potassium hydroxide, and the mixture treated with 14 
grams of methyl iodide in 100 c.c. of alcohol. The whole is allowed to 
stand for three days and should be frequently shaken. The alcohol is 
removed at 40° C, and hydrochloric acid added until the solution is acid 
and the white, gelatinous precipitate begins to redissolve. The latter is 
filtered, washed free from chloride by cold water, and dried in vacuo over 
sulphuric acid. Yield 13-5 grams. The reaction takes place according 
to the equation : 

K H S n 0 9 +MeI ~Me.SnO.OH + K I 

I t may also be obtained from tin methyl tri-ioclide by evaporation with 
an aqueous solution containing 3 mols. of sodium hydroxide. 

The acid is a white, amorphous, infusible solid which decomposes at 
a red heat, leaving stannic oxide. Heated with ammonium nitrate, it 
yields carbon dioxide, water, and stannic oxide ; heated in the absence 
of air, methane is produced. I t is insoluble in water and the usual 
organic solvents, but readily dissolves in cold solutions of alkali and 
ammonium hydroxides, or in lime water. I t also dissolves in mineral, 
acetic, and tartaric acids. When ammonium hydroxide is added to the 
dilute acetic acid solution of the acid, no precipitate is formed until the 
solution is boiled. This indicates the existence of an ortho acid, 
MeSn(OH)s, which decomposes on heating to form the stannonic acid. 
When the acid is boiled with dilute potassium hydroxide a clear solution 
is never obtained, and if the alkali be concentrated, methane, tin tri-
methyl hydroxide, and tin dimethyl oxide are formed. Heating with 
solid potassium hydroxide and a very small quantity of water yields 
methane and a considerable amount of tin tetramethyl. With con
centrated hydriodic acid, the acid yields the iodide, this method being 
general for the production of the halides. The complete, (MeNHPh)2. 
H2MeSnCl5, is prepared by evaporating a solution of the acid and di
methylaniline in dilute hydrochloric acid to the crystallising point. I t 
forms small, white granules, M.pt. 194° C, the aqueous solution having an 
acid reaction. With aniline a similar complex is formed, which crystal
lises in short prisms, M.pt. 214° C , the clear aqueous solution being 

* Heiffer, Zeit. anorg. Chew., 1924, 133, 91, 
* Gruttner and Krause, B&r., 1917, 50, 1802. 
a Meyer, Ber„ 1883, 16, 1442 ; Heiffer and Letuxardt, «tf&. 1903, 36, 1054; Pope and 

Peachy, Proc. Moy, Bmt> 1903, 72, 7 ; Bruce, Ohm. Nem, 1920,12©, 229. 

~Me.SnO.OH
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acid to litmus and unchanged on boiling. The pyridine complex 
crystallises in pale yellow plates, M.pt. 300° C. 

Tin methyl trichloride, MeSnCl3, is prepared by treating the acid 
with concentrated hydrochloric acid, phosphorus trichloride, or hydrogen 
chloride at 100° C. There seems to be a wide difference of opinion 
regarding the melting-point of the compound: Druce x obtained 
crystals from hydrochloric acid solution, M.pt. 40° C.; Pope and 
Peachey2 from light petroleum, long prisms, M.pt. 105° to 107° l \ , 
distilling without decomposition at 179° to 180° C.; Pfeiffer and Leh-
nardt,3 crystals from ligroin, M.pt. 53° C. I t fumes in air and dissolves 
in water to a clear solution, and is ^soluble in the usual organic solvents. 
With aniline it forms the above complex, M.pt. 214° C. 

Tin methyl tribromide crystallises in needles or prisms, M.pt. 
50° to 55° C. I t fumes slightly in air and has a similar solubility to the 
chloride. 

Tin methyl tri-iodide.—Preparation: (1) Methyl stannonic acid 
is treated with colourless hydriodic acid.4 (2) Tin tetramethyl (2 parts) 
and stannic iodide (7 parts) are heated on the water-bath, then allowed to 
stand for a few hours.5 (3) Methyl iodide and stannous iodide are heated 
at 160° C. for four hours.6 (4) To the solution of 19 grams of methyl 
iodide and 2-8 grams of magnesium in dry ether, 20 grams of stannic 
iodide are added in small portions, and the whole boiled for two hours. 
The mass is decomposed by acidified water and the ether layer separated 
off and dried. 3-9 grams of oil are obtained between 155° and 1S()° C , 
from which 2 grams are isolated between 100° and 170° C. Redistillation 
gives 1-3 grams of pure iodide, B.pt. 170° C. 

The melting-point given by the various investigators varies between 
82° and 85° C. The compound crystallises in needles or prisms, very 
readily soluble in alcohols, ether, ligroin, or chloroform or benzene. Its 
aqueous solution has a strong acid reaction, nitric acid precipitating 
iodine. Hot alkali precipitates methyl stannonic acid. Treatment 
with hydrogen sulphide converts the iodide to the corresponding sul
phide, which is soluble in ammonium sulphide, but insoluble in the 
usual organic solvents. 

Basic tin methyl sulphate, MeSn(OH)S04.xH20, is obtained as a 
white powder when methyl stannonic acid is warmed with 50 per cent, 
sulphuric acid. I t slowly dissolves in water, leaving a glassy mass, but 
cannot be precipitated from its aqueous solution by alcohol7 

Ethyl stannonic acid.8—Prepared in a similar manner to the 
methyl compound, it forms a white, amorphous, gelatinous substance 
which becomes yellowish-brown and transparent on drying. I t is in
soluble in water and the common organic solvents, but dissolves in dilute 
mineral acids. When freshly prepared it is soluble in alkali hydroxides, 
but becomes insoluble after keeping: When strongly heated in the 
absence of air it yields ethane and ethyl alcohol. The following salts 
have been prepared: sodium, potassium, magnesium, barium, and 

1 Druce, Chem. News, 1920, 120, 229. 
2 Pope and Peachey, Proc. Hoy. Soc, 1903, 72, 7. 
3 Pfeiffer and Lehnardt, Ber,, 1903, 36, 1054, * 
4 Pfeiffer and Lehnardt, he. cti.; Pope and Peachey, he. eft. 
5 Pope and Peachey, Chem. News, 1903, 87. 253. 
6 Pfeiffer and Heller, Ber., 1904, 37, 461S. 
7 Pfeiffer and Lehnardt, he. cit. 
8 Druce, Trans. Chem. 80c., 1921, 119, 700. 
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copper; also basic salts of silver9 zinc, mercury, cobalt, nickel, manganese, 
and strontium. Solution of the acid in concentrated hydrochloric acid 
gives a stannic acid, H2SnEtCls, which forms colourless prisms, decom
posed by water, and yields a potassium and aniline salt. Tin diethyl 
oxide is formed by boiling the acid with 10 per cent, sodium hydroxide. 

Tin ethyl t r ibromide occurs as colourless, feathery crystals, 
which become brown on heating, but do not melt at 310° C. It is soluble 
in water, but the solution soon becomes turbid, owing to the formation 
of ethyl stannonic acid. 

Propyl stannonic acid l is obtained by shaking ethyl bromide with 
an alkaline solution of potassium hydrogen stannite in the presence of 
alcohol for fourteen days. It is a white powder which yields propane, 
propyl alcohol, propylene, water, and tin oxides when heated in the 
absence of air. The acid forms sodium,, potassium, and basic calcium 
and barium salts. Tin propyl tribromide and trichloride are prepared 
from it in the usual manner, and boiling with 10 per cent, alkali con
verts them to the dipropyl oxide. 

Isopropyl stannonic ac id 2 is a white, amorphous substance, 
giving Isopropyl alcohol, propylene, and a trace of propane when heated 
in the absence of air. I t is insoluble in water or organic solvents, but 
dissolves in dilute mineral acids and alkalies. The sodium and potas
sium salts have been obtained, and the oxide is formed in the usual way. 

Tin isopropyl t r ibromide forms deliquescent, pale yellow, pris
matic tablets, melting about 112° C. Its aqueous solution is strongly 
acid. With pyridine hydrobromic it forms the complex, CaII7.SnBr3. 
2C5n5N.2HBr, which is unchanged at 300° C. 

Tin isopropyl trichloride.—This compound has not been isolated 
in the free state, but only as a complex compound with pyridine hydro
chloride, analogous to the one from the above bromide. 

Alkyl Derivatives of the Types R2Sn and R3Sn. 

Free tin dimethyl,3 (Me2Sn)a,.—This has been prepared in two 
ways: (1) A liquid ammonia solution of tin dimethyl dibromicle is 
treated with two atoms of sodium, thus removing the halogen. (2) An 
ammonia solution of disodium dimethyl stannane is treated with one 
molecular equivalent of tin dimethyl dibromide. In both eases the 
group Me2Sn is precipitated as a yellow solid, insoluble in organic or 
inorganic solvents and readily oxidising. The substance from prepara
tion (2) is very sensitive to oxygen, even exploding at low pressures. 

Tin diethyl4 has been prepared in a variety of ways*. (1) By the 
action of ethyl iodide on an amalgam containing 1 part of sodium to 
6 parts of tin. (2) By reduction of tin diethyl chloride by zinc. (8) The 
following preparation is due to Pfciffer:5 One gram of tin diethyl 
chloride and 20 grams of 4 per cent, sodium amalgam in ethereal solu
tion are heated for a day on the water-bath in an atmosphere of hydrogen. 
The product is quickly filtered and dried in a vacuum desiccator. 

1 Drue©, Ghem. News, 1923, 127, 306, 
a Bruce, Tram, Ohem. 8oc.> 1922, X2X, 1859, 
8 Kraus and Greer, / . Amer. Ohem. 800., 1925, 47, 2568. 
* L6wig, Annaten, 1852, 84, 309, 313; Frankland, Annakn, 1853, 85, 338 ; Buckton, 

Awmhn, 1859,112, 220. 
* Heiffer, -Sen, 1911, 44, 1269. 
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Pfeiffer claims that tin diethyl may also be prepared by the interaction 
of ethyl bromide, sodium amalgam, and stannous chloride in an atmo
sphere of hydrogen. Tin diethyl is obtained as an oil, which gives a 
clear solution in benzene, ether, or ligroin. When distilled at 25 mm. it 
forms metallic tin and a brown mass. I t instantly reduces silver nitrate 
to metallic silver. Air oxidises it to tin diethyl oxide, and halogens add 
on directly forming the corresponding dihalides. Ethyl iodide yields 
tin triethyl iodide. The density of tin diethyl is 1-558 at 15° C. 

Tin trimethyl.1—Tin trimethyl bromide is dissolved in liquid 
ammonia and treated with sodium, when the tin trimethyl is precipitated. 
I t melts at 23° C, and boils at 85° to 88° C. at 45 mm. or 182° C. at 
756 mm., and has a density of 1-570 at 25° C. With sodium in liquid 
ammonia it yields sodium trimethyl stannide. I t is oxidised in air to 
an insoluble product, and combines with sulphur in benzene solution to 
form tin trimethyl sulphide. With halogens, tin trimethyl forms the 
corresponding halides, the chloride being also formed by the action of 
calcium or mercuric chloride on ethereal solutions of the compound. 
Tin trimethyl halides react with sodium trimethyl stannide to form tin 
trimethyl. The latter, with p-dichlorobenzene and a little ether in liquid 
ammonia, gives CeH4(SnMe3)2, M.pt. 123° to 124° C, the benzene solu
tion of which gives tin trimethyl iodide and p-di-iodobenzene when 
treated with iodine, whilst sym-dichloroethane forms tin trimethyl and 
sodium chloride. Tin triethyl iodide gives SnMeD.SnEt3, B.pt. 235° C. 
at 743 mm. Its density at 20° C. is 1-431. 

Alkyl Derivatives of the Type R;iSn.SnR3. 

Hexaethyl-distannane.—This compound until 1917 was the only 
one of its type, and was prepared in the following manner: (1) Tin 
triethyl iodide heated with sodium.2 (2) By heating ethyl iodide with 20 
per cent, tin amalgam.3 Molecular weight determinations were carried 
out by Ladenburg and Rugheimer.4 I t has more recently been pre
pared s by heating 5 grams of sodium powder, 59-2 grams of tin triethyl 
bromide, and 50 c.c. of dry ether in a sealed tube at about 120° C.> 
with shaking, for ten hours. Yield 90 per cent. The formation of 
tin tetraethyl and other by-products was not noticed. The compound 
is a fuming liquid, B.pt. 265° to 270° C.; 146° to 148° C. at 14 mm.; 155° 
to 157° C. at 19 mm.; density 1-4115 at 0° C. I t is insoluble in water 
and dilute alcohol, and when added to alcoholic silver nitrate, silver is 
precipitated. Stannic chloride yields tin triethyl chloride, and chlorine 
tin diethyl chloride. Tin triethyl iodide may be obtained from it, either 
by the action of iodine or by heating with ethyl iodide at about 220° C. 
More recently6 hexamethyl-distannane has been obtained in 84 per 
cent, yield by the interaction of tin trimethyl bromide and metallic 
sodium in liquid ammonia. By a similar process trimethyltriethyl-
distannane is obtained as a liquid at ordinary temperatures. The 
following compounds have been prepared in a similar manner, the 

1 Kraus and Sessions, J. Amer. Chem, #oc> 1925, 47, 2361. 
2 Ladenburg, Annalen Supph, 1872, 8, 65. 
* Caho-urs, Annalen, 1860, 114, 251, 255. 
4 Ladenburg and Rugheimer, Annalen, 1909, 364, 51. 
5 Griittner, Ser.f 1917, 50, 1808. 
6 Kraus and Bullard, J, Amer. Chem. Soc,t 1926, 48, 2132. 
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yields being as shown: h e x a - n - p r o p y l - d i s t a n n a n e (SS per cent.), 
h e x a - i s o b u t y l - d i s t a n n a n e (93 per cent.), s y m . t e t r ae thy l -d i -n -
p r o p y l - d i s t a n n a n e (88 per cent.), s y m . t e t rae thy l -d i - i sobu ty l -
d i s t annane (92 per cent.). 

The general properties of the compounds may be expressed in the 
following manner: The hexa-alkyl distannanes are colourless, strongly 
refracting, and colour-dispersing liquids, only the isobutyl compound 
(M.pt. 43-8° C.) is solid at the ordinary temperature. They have a 
penetrating and unpleasant smell, differing distinctly from the tin 
trialkyl halides. In absolute alcohol they arc very slightly soluble, as 
are the tin tetra-alkyls, but are miscible with organic solvents. In spite 
of their high boiling-points, they are volatile unchanged under reduced 
pressure, and on the whole at high temperatures they are just as stable 
as the tin tetra-alkyls, but in contact with the air they are slowly oxi
dised to tin trialkyl oxides, in contrast to the tin tetra-alkyls. Treated 
with halogens in the cold they yield tin trialkyl halides, and also with 
mercuric chloride or bromide, the latter compounds being reduced to the 
metal. Anhydrous bismuth bromide splits off an alkyl group. Heated 
with methyl iodide a t 180° C , the stannanes are converted into 1 mol. 
of tin trialkyl methyl and 1 mol. of tin trialkyl iodide. The grouping 
: Sn.Sn: , besides accounting for the strong optical properties of the 
compounds, no doubt increases their stability a t high temperatures 
and decreases their stability towards oxidising agents. 

Some physical constants of the compounds are shown in Table XVII. 
of the Appendix. 

D i s o d i u m tetramethyl-distannane,.NaSnMe2 .SnMe2Na.1—When 
metallic sodium is added to tin dimethyl dibromide in liquid ammonia, 
immediate reaction occurs. If one atom of sodium is added for each 
atom of bromine in the compound the following reaction takes place:— 

Me2SnBr2 +2Na=McBSn +2NaBr 

The tin dimethyl, which is polymerised, appears as a yellow precipitate. 
If, however, the addition of sodium is continued, the following, change 
occurs:— 

2MeaSn+2Na~NaSnMea .SnMe2Na 

The latter compound gives a red solution in liquid ammonia, and with 
methyl iodide decomposition occurs in the following manner:— 

NaMe lSn.SnMe f tNa+2MeI=Me aSn.SnMe s+2NaI 

D i s o d i u m dimethyl -s tannane ,Na 2 SnMe 2 .—The above compound 
in liquid ammonia with metallic sodium decomposes according to the 
equation : 

NaMe2Sn.SnMe2Na +2Na=2Na 2 SnMe 2 

This disodium salt gives an intensely red solution in liquid ammonia, 
which is opaque a t high concentrations. With methyl iodide it gives tin 
tetrameth vl 

Na2SnMe2 +2MeI=SnMe 4 + 2 N a I 

Disodium hexamethyl-tristaimane, NaSnMe2.SnMe2.SnMe2Na 
1 Kraus and Greer, J. Am&r. Oh&m. 8oc„ 1925, 4% 2508. 
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—This product is formed by the action of tin dimethyl dibromide on a 
solution of disodium dimethyl stannanc. The compound is readily 
soluble, and chemically very active. With ethyl bromide the two 
sodium atoms are replaced by ethyl groups, forming EtSmMe2.SnMe2, 
SnMe2Et. This substance is not stable in air, oxidation slowly taking 
place. I t may be distilled under reduced pressures at a temperature 
of from 80° to 100° C , but some decomposition occurs. 

Dodecamethylpentas tannane , Me3Sn.SnMe2.SnMe2.Sn]Mco.SnMeSl 
is isolated when disodium hexamethyl tristannane is treated with tin 
trimethyl bromide. 

Dimethylmethylene stannane, MeaSn=CHa, is prepared by 
treating disodium dimethyl stannane with methylene chloride. I t is 
a liquid at ordinary temperatures, but oxidises slowly in air and is 
reactive with halogens. Its properties change with time, pointing to 
polymerisation taking place. 

Aryl Derivatives of the Type R4Sn. 

Tin t e t raphenyl , Sn(C6II5)4.—This compound has been prepared 
by three methods : (1) By heating together 500 grams of tin amalgam 
(25 per cent. Na : 75 per cent. Sn), 600 grams of bromobenzene, and 25 
grams of ethyl acetate in an oil-bath.1 The reaction commences a t 
about 70° C. and is completed by heating the mixture for thirty hours at 
the boiling-point, a thick brown mass separating out. The latter is 
boiled with benzene, the solution on cooling giving 100 grams of crude 
tin tetraphenyl. (2) An easier method of preparation is by use of the 
Grignard reagent, as follows : 2 To 20 grams of bromobenzene and 
3 grams of magnesium dissolved in dry ether, 5 grams of stannic chloride 
are added drop by drop at room temperature. The mixture is then 
refluxed for two hours, allowed to stand for a day, decomposed with 
dilute hydrochloric acid, filtered, and dried. The residue is boiled with 
pyridine, the cool solution depositing needles of tin tetraphenyl. Yield 
of pure product, 57 per cent. (3) Zinc diphenyl method.3 Magnesium 
phenyl bromide is treated with anhydrous zinc chloride in ether sus
pension in an atmosphere of nitrogen. After completion of the reaction, 
toluene, is added and the ether distilled off. To the cooled solution, an 
equivalent amount of stannic chloride in toluene solution is added and 
the mixture boiled for one hour. The mass is treated with dilute 
hydrochloric acid and the solution filtered, the residue being extracted 
with benzene and added to the toluene layer of the filtrate. The 
mixture is concentrated and cooled, w.hen a 91 per cent, yield of product 
is obtained, M.pt. 224° to 225° C. 

I t is easily soluble in hot benzene, pyridine, glacial acetic acid, chloro
form, or carbon bisulphide, with difficulty in alcohol or ether, and in
soluble in light petroleum. The melting-point is given by various 
investigators, and ranges between 220° to 226° C. When heated in air, 
tin oxide results, and the halogens react according to the equation : 

Sn(C6H5)4+2Hal2-Sn(C6H6)2Hal2+2C6H5HaI 
1 Polis, Ber.9 1889, 22, 2915. 
2 Pfeiffer and Schnurmann, Ber., 1904, 37, 319. 
8 Chambers and Scherer,«/. Amer. Cfiem. Soc, 1926, 48, 1054. 
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When boiled with thallic chloride in xylene solution, the reaction is 
more complicated, and is best represented as follows : — l 

(1) 8Sn(CeHB) i+2Tir i 3=2Tl(C 6II 5) aCl+2SnfCeH 6) 3Cl+Sn(C eH f i)XI a 

(2) Sn(C s I I 5 ) 3 Cl a +II a O=Sn(C e H 6 ) a (OH)Cl+HCl 

The following reaction takes place quantitatively with stannic 
chloride:—3 

Sn(CeTI6)4+SnCl4=2Sn(C6H f i)aCl2 

The substance is isomorphous with the tetraphenyls of lead and silicon, 
and crystallises in prisms belonging to the tetragonal system, 

a : c = l : 0-3893 ; 111 : 110-70° 35' 

T i n t e t r a - o - t o l y l 3 is prepared by adding 50 grams of stannic chloride 
in 200 c.c. of ether, drop by drop, to the Grignard solution from 220 
grams of o-bromotolucnc in 000 c.c. of ether. The whole is boiled for 
twelve hours under x*eilux. decomposed with water and ammonium 
chloride, the ethereal solution being separated off. The product remain
ing in suspension is recovered by washing the residue with alcohol, and 
relluxing it with benzene. The crude product is steam-distilled, to 
remove o-bromotoluene and di-o-tolyl, and recrystallised from 400 c.c. 
of ether. Yield 85 per cent. The product cotisists of a snow-white 
powder, fairly soluble in benzene, less so in ether, and insoluble in 
alcohol I t crystallises from ether in tufts of very fine needles, M.pt. 
158° to 159° C. 

T i n t e t r a - m - t o l y l . 4 — T h e preparation is similar to the preceding 
one, bu t the yield is only 29 per cent. I t crystallises in colourless, 
glistening needles from absolute alcohol, M.pt. 128-5° C , easily soluble 
in cold benzene, boiling ether, or boiling alcohol, with difficulty in cold 
ether or alcohol. 

T i n t e t r a - m - x y l y l , (Me2C6H3)4Sn, is obtained by treating the 
Grignard solution from 329 grams of l-bromo-2 :4-xylene in 800 e.c. of 
ether, with 80 grams of stannic chloride. The yield is only 15 grams or 
7-2 per cent. I t crystallises from benzene on the addition of ether in 
doubly refracting needles, a millimetre long, M.pt. 224° C. (corr.). 
Heated in a sealed tube, the molten substance becomes yellow at 287° C , 
and decomposes about 300° C. 

T i n t e t r a - p - x y l y l crystallises from benzene in quadratic columns 
or cubes, M.pt. 278° C. (corr.), becoming yellow at 342° C , darker at 
347° C , and decomposing a t 360° C. Yield 50 per cent. 

T i n tetra-cyclohexyl.5—Cyclohexyl bromide, 192 c.c. (250 grams), 
or 182 c.c. (182 grams) of cyclohexyl chloride, are converted into the 
magnesium compound, the mixture being heated for two hours to 
complete the reaction. The ethereal solution is then poured off and 
mixed with 300 c.c. of pure, dry benzene. To the mixture, with ice 
cooling and mechanical stirring, 75 grams of stannic chloride in 200 c.c. 
of dry benzene are slowly added dropwise. The reaction is violent and 
completed by three hours ' boiling, The mass is decomposed by ice-

1 Goddard and Goddard, Tram. Chem. Soc, 1922, 121, 256. 
2 Goddard, Ashley, and Evans, Trans. Ghem. 80c, 1922, 121, 978. 
3 Krause and Sohmite, Ber„ 1919, 52, [B], 2150. 
d Krauso and R. Becker, Ber.f 1920, 53, [B], 184. 
6 Griittner. Ber.. 1914. 4*. 3257 : Krause and Pohland, ibid,, 1924, 57* [B], 535. 
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water and treated with 5 per cent, hydrochloric acid to dissolve the basic 
magnesium salts. The benzene-ether layer is separated, washed, dried, 
and evaporated to about 35 c.c. bulk. Crystals separate on cooling, and 
are recrystallised from benzene by the addition of alcohol. This crude 
product is changed to the monobromide, and the latter treated with 
cyclohexyl magnesium bromide, when pure tin tctra - cyclohexyl is 
obtained. I t crystallises from benzene in small, colourless, quadratic 
plates, resembling the corresponding lead compound. The pure com
pound sinters at 263° to 264° C, at 290° C. a yellowish cloudiness appears, 
and at 307° C. the product suddenly becomes dark gray and tin separates 
out. When pure it is odourless, air-stable, very soluble in hot benzene, 
moderately soluble in warm ether, and sparingly in hot alcohol. By 
the action of bromine in carbon disulphide solution, tin di-cyclohexyl 
dibromide is formed, and iodine gives the corresponding di-iodide, but 
stannic chloride only removes one cyclohexyl group, giving tin tri-
cyclohexyl chloride. 

Tin t e t r abenzy l x is obtained by treating 1 mol. of stannic chlor
ide in ether, in the presence of 4 atoms of magnesium, with an ethereal 
solution of 4 mols. of benzyl chloride. After completion of the 
reaction the ether is distilled off, and the residue heated at 100° C. for 
two to three hours. On cooling, the mixture is decomposed by water, 
steam-distilled, and filtered, the dry residue being crystallised from light 
petroleum. The compound forms colourless, well-defined prisms, 
M.pt. 42° to 43° C , which are readily soluble in most organic solvents. 
I t is oxidised in the atmosphere at ordinary temperatures, forming 
benzaldehyde, this often being noticed with benzyl compounds of tin. 

Tin te t ra-a- th ienyl , 2 (C4H3S)4Sn.—A suspension of stannic 
chloride in ether is slowly added to the Grignard solution from a-iodo-
thiophene and magnesium in dry ether, and the reaction is completed by 
boiling for one hour on the water-bath. On working up in the usual 
manner, tin tetra-2-thienyl is obtained in needles or prisms, M.pt. 156° C. 
(corr.), fairly soluble in benzene, hot ether, and hot alcohol, sparingly 
soluble in cold ether, and insoluble in cold alcohol. The alcoholic 
solution when boiled with silver nitrate remains unchanged. 

Aryl Derivatives of the Types Ar3SnAr' and Ar3SnAlk. 

The compounds are prepared in a similar manner to the correspond
ing derivatives of lead, the starting-point being tin triphenyl chloride, 
but the yields in this case are practically quantitative.3 

Tin- t r iphenyl p-tolyl crystallises from ether in fine rosettes of 
needles, M.pt. 124° C, and from hot alcohol in tufts resembling glass 
wool. I t is also soluble in benaene and chloroform. 

Tin t r iphenyl p-xylyl crystallises from hot alcohol in colourless, 
oblong, hexagonal plates, M.pt. 100-5° C. The solubility of the body is 
similar to that of the above tolyl compound. 

Tin t r iphenyl a-naphthyl crystallises from alcohol in colourless, 
refractive prisms, M.pt. 125° C. 

Tin t r iphenyl cyclohexyl is obtained from tin triphenyl chloride and 
an excess of magnesium cyclohexyl bromide. It forms bushy, colourless 

1 Smith and Kipping, Tram. Ghem. JSoc., 1912, IOI , 2553. 
a Krause and Kenwanz, Ber., 1927, 6o, [B], 1582. 
3 Krause and Schmitz, Ben, 1919, 52, [B], 2150. 
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needles, M.pt. 131° to 132° C, easily soluble in benzene or ether, spar
ingly in alcohol. An iodine solution in benzene shows very little 
reaction in the cold, but at 60° to 70° C. slowly produces a pale yellow 
oil which crystallises from alcohol in plates, M.pt. 45° C, and no tin 
triphenyl iodide is produced. 

Tin tricyclohexyl phenyl is obtained from tin tricyclohexyl 
bromide, and recrystallised from benzene-alcohol mixture. It crystal
lises in snow-white, microscopic, fern-like ramifications of crystals, M.pt. 
191° to 192° C, easily soluble in benzene or chloroform, sparingly in hot 
alcohol, and insoluble in cold. 

Tin tricyclohexyl p-tolyl , melting at 111° C , is a pure white, 
granular powder, crystallising from hot alcohol in prismatic rods. 

Tin triphenyl m e t h y l 1 crystallises from ethereal solution on con
centration in colourless tetrahedra, melting at 60° C. to a clear, colour
less liquid. From this melt it crystallises in large, glittering rhomboids, 
readily soluble in benzene, chloroform, or ether, sparingly in cold 95 
per cent, alcohol. Its density at 63-85° C. is 1-3113 ; nHu 1*60001, 
ni) 1-60061, nHtf 1-62351, n ^ 1-63S31, at 63-85° C. From these data 
the following are calculated :— 

2RU« 26-09, SRn 26-32, EA,_a 1-328, SA^-a 0-819 
MRn« 95-21, MKn 96-06, MA^(X 4<-85} MA^* 2-990 

Subtracting the value of the atomic refractions of carbon and hydro
gen, the following values are obtained for the atomic refraction and 
atomic dispersion of tin in the compound :— 

ABHa 1*1*53, ARn 14-72, AA7»rt 1-440, A A ^ a 0-870 

Tin triphenyl ethyl crystallises from alcohol in centric groups of 
snow-white, highly refractive prisms, and from the molten crystals in 
large transparent plates, M.pt. 56° C, This and the preceding compound 
give a thick precipitate of a double compound of silver phenyl and silver 
nitrate with silver nitrate, which becomes black on warming. The 
density at 62° C. is 1-2953; nH« 1-59917, m> 1-60542, nH/J 1-62236 at 62°. 

From these figures : 

SRHft 26-38, SRj> 26-61, SA^-a 0-820, MRH« 09-96, 
MRD 100-81, MA/?_a 3107 

which give for tin in this compound, 

ARna 14-69, ARD 14-86, AA^_a 0*917 

Tin tricyclohexyl methyl occurs as a colourless, glycerine-like 
oil, E.pt. 221° (1 at 15 mm. in a current of nitrogen, and forms a glassy 
mass when cooled to —75° C. I t is miscible with benzene or ether in all 
proportions, insoluble in alcohol or water. Its density at 21-2° C. is 
1-1945 ; nHa 1-58379, nB 1-53731, nH/J 1-54628, nH7 1-55384, at 21-2°. 

Hence 

MRHa 99-682, MRp 100-180, MA7„a 3*098, M A ^ a 1-936 
1 This compound has more recently been prepared according to the following equation, 

the reaction being conducted in liquid ammonia; NaSn(CeH5)3+CH3l=CH3Sn(C6H6)a 
4-NaI (Bullard and Bobinson, J, Amer. Chem. Soc, 1927, 49,1368). 
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The atomic refraction and dispersion of tin in the compound is 

A R H * 14-461, A R D 14-642, AA,-„ 1*018, AA^„a 0-643 

Tin tr icyclohexyl ethyl is a very viscous oil, B.pt. 227° to 228° C. 
at 15 mm., with partial decomposition. I ts density at 23-2° C. is 1-1766 ; 
nHa 1*53453, nD 1-53797, nHjs 1-54700, nH7 1-55459, at 20-2° C. These 
figures are for the distilled preparation, and a similar series is given 
for the non-distilled preparation. The figures for the atomic refraction 
and dispersion for tin in the compound are 

ARHtt 14-477, A R D 14-664, AAy_a 1-014, AA/?^a 0-652. 

Tin t r ibenzyl ethyl is formed by the interaction of tin tribenzyl 
chloride and magnesium ethyl bromide, the yield being almost theoretical. 
The product crystallises from alcohol-petroleum in colourless tablets, 
M.pt. 31° to 32° C, which .are easily soluble in ether, benzene, or chloro
form, less so in alcohol, and sparingly in light petroleum. 

Aryl Derivatives of the Types Alk.Alk'.SnAr2, Alk.Alk'a.SnAr, 
Alk2SnAr2, and AlksSnAr. 

Tin ethyl propyl dibenzyl.1—When tin ethyl tribenzyl in carbon 
tetrachloride solution is treated with 1 mol. of iodine, the following 
reaction takes place :— 

Sn(C2H5)(CH2 .C6H5)3+I2-Sn(C2H5)(CH2C6H5)2I+C6 lI5CH3I 

The tin ethyl dibenzyl iodide thus obtained is then treated with mag
nesium propyl bromide, the ether distilled off, and the residue heated at 
140° C. for one hour. After cooling, the mass is treated with water, 
and the oil thus formed dissolved in ether, the latter separated off, 
washed, and dried. On ^distillation, 70 per cent, of the oil distils at 
220° to 225° C. at 15 mm., and is pure tin ethyl propyl dibenzyl. I t 
does not solidify at 0° C, and is oxidised in the air at ordinary temper
atures, whilst heating it under atmospheric pressure causes decomposi
tion, with the separation of metallic tin. I t is miscible with all the 
usual solvents. For the action of sulphuric acid on this compound, sec 
tin diethyl dibenzyl. 

Tin ethyl butyl dibenzyl.2—Tin ethyl dibenzyl iodide is treated 
with an excess of magnesium n-bntyl bromide in ethereal solution, the 
ether distilled off, and the residue heated for one to two hours at 140° C. 
Distillation of the residue gives the required compound, boiling at 207° 
to 209° C. at 9 mm., or 175° to 180° C. at 3 to 5 mm. I t is fairly soluble 
in benzene, less soluble in acetone and ether. 

Tin ethyl dibutyl benzyl occurs as a by-product in the above 
preparation. I t is a colourless liquid, B.pt. 175° to 180° C. at 9 mm., or 
118° to 122° C. at 2-5 to 3 mm. 

Tin dimethyl diphenyl.3—This is formed by treating disodium 
diphenyl stannide with methyl iodide in liquid ammonia. The yield is 
about 84 per cent. 

Tin diethyl dibenzyl.—The product obtained from the interaction 
1 Smith and Kipping, Trans, Ghem. 8oc, 1912, IOX, 2553. 
2 Law, J. Ghem. Soc, 1926, p. 3243. 
3 Bullard and Robinson, J. Amer. Ghem. 8oc,9 1927, 49, 1368. 
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of tin dibenzyl chloride and magnesium ethyl bromide is an oil, which 
on distillation gives a fraction at 223° to 224° C. a t 20 mm., correspond
ing to the desired compound. This oil, which is slightly decomposed on 
distillation, is heavier than water, does not solidify at ordinary temper
atures, and is miscible with the usual organic solvents. On heating in 
air it rapidly decomposes with the separation of metallic tin, and 
oxidation by the air produces benzaldehyde. 

When tin ethyl propyl dibenzyl or tin diethyl dibenzyl are treated 
with sulphuric acid or chlorsulphonie acid, no sulphonic* acids can be 
obtained. 

T i n t r i m e t h y l benzyl is prepared from sodium trimethyl stannide 
and benzyl chloride in liquid ammonia, according to the equation : 

Me3SnNa +C7H7C1 =Me3SnC7H7 +NaCl 
I t decomposes when heated to 215° C.1 

T i n t r i m e t h y l phenyl.2-—-Sodium trimethylstannide when treated 
with bromobenzene in liquid ammonia yields tin trimethyl phenyl, 
B.pt. 203° to 208° C , but the main product of reaction is tri (trimethyl-
stannyl)-amine. This is formed according to the equation : 

3NaSn(CH 3 ) ; r f3CGH 5Br+NH 3 - : [Sn(CH 3 )3] 3N+3C 6 I - I e+3NaBr 

Tin trimethyl phenyl may also be prepared by the action of magnesium 
phenyl bromide on tin trimethyl bromide in benzene-ether solution. 
The yield by this method is 35 per cent, and the product distils at 203° 
to 208° C. I t is a colourless oil, having a pleasant odour, and is con
verted by bromine to tin trimethyl bromide. 

T i n t r i e thy l p h e n y l 3 is obtained as an oil, B.pt. 254° C , from the 
reaction mixture derived from heating together tin triethyl iodide 
(1 mol.), bromobenzene (1 mol.), and metallic sodium. I t forms 
a colourless liquid, which has to be distilled in hydrogen, since it is 
partially oxidised in the air, has a fairly pleasant odour, burns with 
a sooty flame, depositing metallic tin. I t is highly refractive, and has 
a density 1-2630 at 0° C , is easily soluble in alcohol and ether, but 
insoluble in water. With alcoholic silver nitrate, iodine, fuming hydro
chloric acid, and stannic chloride, the following reactions take place ;— 

2Sn(C 2 H 5 ) 3 (C 6 H 5 )+2AgNO 3 =2Sn(C 2 H 5 ) 3 NO 3 +C 1 2 H 1 0 +2Ag 
Sn(C 2 H 6 ) 3 (C 6 H 5 )+I 2 «Sn<C a H 6 ) s I+C a H B I 
Sn(C 3 H 5 ) , (C 6 H 5 )+HCl =Sn(C 2H 5 ) 3Cl+C 6H 6 

Sn(C2H5)3(C6H5)+SnCl4 =Sn(C2H5)3Cl2+Sn(C2H5)(C6H5)Cl2 

Aryl Derivatives of the Type R3SnX. 

General Method of Preparation of Tin Triphenyl Halides.*—Tm 
tetraphenyl (85-^ grams) is dissolved in 700 grams of hot pyridine with 
mechanical stirring and the solution rapidly cooled in ice, so tha t a very 
fine suspension of the compound is produced. At a temperature of 
- 4 8 ° C„ 32 grams of bromine in 150 grams of pyridine are added in 6 

1 Kraus and Buliaxd, J. Amer. Ohem. Soc., 1926, 48, 2135. 
2 Bullard and Robinson, loc. cit 
3 Ladenburg, Annalm, 1871, 159, 2§l» 
* Krause, JBer., 1918, 31, 913. 
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portions, with rapid stirring, and a clear yellow solution is obtained. 
The pyridine is distilled off and the bromobenzene removed in vacuo, 
leaving a thick, brown residue which is dissolved in ether, treated with 
hydrochloric acid to remove traces of pyridine, and any unchanged tin 
tetraphenyl liltered off. By shaking the ethereal solution with 30 per 
cent, sodium hydroxide, the halide is changed to the hydroxide, from 
which the halides may be obtained by the action of halogen acids. 
Yields 90 to 95 per cent. 

'Tin triphenyl chloride.—This has also been obtained by three 
other methods : (1) Tin diphenyl diehloride is treated with sodium 
amalgam in ether solution, or with ammonia.1 (2) When an acetic 
acid solution of tin diphenyl diehloride is treated with sodium nitrite, 
85 per cent, of the tin compound is converted to tin triphenyl chloride, 
nitrosobenzene also being formed.2 (3) I t occurs amongst other pro
ducts, when tin tetraphenyl is decomposed by thallie chloride.3 I t 
crystallises from ether in colourless crystals, M.pt. 10ti° C , which arc 
partly octahedral and partly prismatic. I t boils at 210° V. at 13-5 mm., 
and is soluble in all the usual solvents. 

Tin triphenyl bromide has more recently been prepared4 by 
treating tin tetraphenyl in boiling chloroform with iodine, when tin 
triphenyl iodide is produced. This is then changed to the hydroxide 
by 30 per cent, sodium hydroxide, and the solution shaken with con
centrated hydrobromic acid. Yield 50 per cent. This method obviates 
the cooling in solid carbon dioxide adopted by Krause.5 I t crystallises 
in millimetre-long pyramids or octahedra, and from dilute solution in 
fern-like masses. I t melts at 120-5° C, and boils at 249° C. at 13-5 mm. 

Tin triphenyl iodide forms large, four-sided, monoclinic prisms, 
M.pt. 121° C, B.pt. 253° C. at 13-5 mm. 

Tin triphenyl fluoride6 occurs as fine, snow-white prisms, M.pt. 357° 
C , becoming brown at 345° C. I t is sparingly soluble in cold alcohol, ether, 
or water. 

Tin tri-o-tolyl chloride crystallises from alcohol in thick, colour
less prisms, M.pt. 99-5° C. The bromide forms compact, rhombic plates, 
M.pt. 99-5° C., and the iodide rhombic crystals, M.pt. 119-5° C. The 
solubilities of these three compounds are similar to the corresponding 
para compounds. 

Tin tri-p-tolyl chloride forms rhombic plates, M.pt. 97-5° C , 
from hot alcohol. I t is easily soluble in benzene or ether, sparingly in 
absolute alcohol. The bromide crystallises in colourless rhomboids, 
M.pt. 98-5° C, and has a similar solubility to the chloride. The iodide 
crystallises in a like form to the bromide and melts at 120-5° C, and has 
also a solubility similar to the chloride. The fluoride forms hair-fine 
needles, melting in a sealed tube at 305° C. to a brown liquid. I t is 
readily soluble in alcohol, but insoluble in ether. 

Tin tri-m-xylyl fluoride is deposited as fine, matted needles from 
hot benzene, M.pt. 209° C., somewhat soluble in warm ether and alcohol. 
The other halides have not been obtained in a crystalline form. 

Tin tri-p-xylyl fluoride forms fine, microscopic needles, melting 
1 Aronhelm, Annalen, 1878, 194, 145. 
2 Aronheim, Ber., 1879, 12, 509. 
3 Goddard and Goddard, Trans. Ohem. 80c, 1922, 121, 256. 
4 Chambers and Scherer, J. Amer. Ghem, 80c., 1926, 48, 1054. 
5 Krause, Ber., 1918, 51, 913. n 

6 Krause and R. Becker, #ern m<), 53, [B], 183, 



ORGANOMETALLIC DERIVATIVES OF TIN. 323 

in a closed tube at 247° C. (corr.). I t is somewhat soluble in boiling 
ether and boiling alcohol. The chloride crystallises from hot alcohol in 
compact columns, M.pt. 141*5° C , very easily soluble in benzene or 
chloroform, readily in boiling ether, sparingly in hot alcohol, insoluble in 
cold alcoiiol. The bromide forms compact, six-sided crystals, M.pt. 
151° C. (corr.), and is more soluble than the chloride. The iodide yields 
colourless, clear, six-sided plates from ether-alcohol, M.pt. 159-5° C. 
(corr.), less soluble than the chloride. 

Tin tricyclohexyl fluoride x is obtained by treating the base with 
dilute hydrofluoric acid, or the bromide with neutral potassium fluoride, 
in boiling aqueous alcoholic solution. I t is sparingly soluble in all the 
usual solvents. When heated with acetic acid it is converted into the 
acetate, six-sided prisms, decomposing at 305° C. The chloride crystallises 
in prismatic plates, M.pt. 320° to 130° C , decomposing at about 280° C , 
and having a similar solubility to the bromide. With dry ammonia it 
forms (C e l I n ) 3 SnCI^XII 3 , M.pt. 128° C. The bromide is obtained by 
adding the requisite quant i ty of bromine to ice-cooled tin tetracyclo
hexyl, and removing the eyclohexyl bromide which is formed by heating 
on a boiling water-bath at 15 mm. The crude product is tri turated with 
a little cold 1)4 per cent, alcoiiol and rccrystallised from a little hot 
alcohol. I t melts at 77? C , and decomposes at about 280° C. I t 
crystallises in thick prisms, a centimetre in length, very easily soluble in 
benzene, chloroform, or ether, easily in hot alcohol. The iodide is pre
pared from the tetracyclohexyl compound by the action of iodine in 
benzene solution at room temperature. I t crystallises from alcohol in 
colourless, six-sided plates, M.pt. 65° C, decomposing a t about 200° C. 
In the dark the compound remains colourless, bu t becomes yellow on 
exposure to light. 

The hydroxide is formed from the bromide by shaking its ethereal 
solution with an excess of 15 per cent, potassium hydroxide. From 
alcohol i t forms six-sided columns which melt rather indefinitely at 
220° to 222° C. ' 

Tin tribenzyl chloride.2—The first preparation of this compound 
was made by adding stannic chloride (1 mol.) to ice-cold magnesium 
benzyl chloride (3 mols.) in dry ether, bu t the yield was poor. In 
Kipping's method the stannic chloride and magnesium are mixed in dry 
ether, prior to the addition of the benzyl chloride, this method giving 
a 60 per cent, yield. The crude product is rccrystallised from acetone, 
and then from glacial acctie acid, until the melting-point is constant. 
I t forms well-defined prisms, M.pt, 143° to 145° C , readily soluble in 
acetone, benzene, or chloroform, less so in ether or alcohol, and insoluble 
in water. With 1 mol. of iodine it reacts as follows :— 

2Sn(CII 2 C 6 H 5 ) 3 Cl+2l 2 -Sn(CII 2 C 6 I I 5 ) 2 Cl 2 +Sn(CH 2 C 6 H 5 ) 2 I 2 +2C 6 H 6 CH 2 I 

Aryl Derivatives of the Types R 2 SnX 2 and R 2 SnXX' . 

Tin diphenyl dichloride, Sn(C6H5)2CI2.3—Formed: (1) By the in
teraction of tin tetraphenyl (1 mol.) and stannic chloride (1 mol.) in boil-

i Krausc and Pohland, Ben, 1924, 57, [BJ, 535. 
2 Heiffer and Sclraurmann, Be,r., 1904, 37> 319; Smith and Kipping, Trans, Chem. 

Soc, 1912, IOI, 2553. 
8 Aronixeim, Annakn, 1878, 194, 145. 
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ing xylene. (2) Mercury diphenyl is mixed with an equal weight of 
stannic chloride, the mixture covered with light petroleum, and digested 
in a paraffin-bath for twelve hours. The whole is then poured into 
water, the petroleum drawn off, and the aqueous solution heated from 
85° to 90° C. on the water-bath. An oil separates out, and this on 
standing solidifies to a mass of white crystals of tin diphenyl dichloride. 
(3) By the interaction of tin tetraphenyl and thallic chloride.1 The 
compound forms colourless, triclinic prisms, M.pt. 42° C, B.pt. 333° to 
337° C.s with partial decomposition. I t is easily soluble in ether, 
alcohol, or petroleum, sparingly soluble in water, but tends to decompose 
in the latter. With strong acids it yields stannic chloride and benzene. 
If the aqueous solution from which the above tin diphenyl dichloride is 
obtained is heated for a long period, tin diphenyl hyclroxychloride and 
tin diphenyl oxide are formed. They may be converted to the dichloride 
by treatment with hydrochloric acid. For the difluoride, see p. 326. 

Tin diphenyl hydroxy chloride.—As indicated above, this product 
is obtained by the action of water on the dichloride. I t melts at 187° C , 
and at higher temperatures develops an odour of diphenyl, gives the 
dichloride on warming with concentrated hydrochloric acid, and forms 
acid and basic salts of the type SnPh2ClX, these readily being produced 
by the action of hydrogen chloride, bromide^or iodide. The hydroxy-
chloride is an amorphous powder, which is insoluble in the usual organic 
solvents. 

Tin diphenyl chloro-iodide,2 Sn(C6Ns)2ClL—The best yield is 
obtained by treating the chloride with hydrogen iodide : 

Sn(C6H5)2Cl2+HI=HCl+Sn(C6H5)2ClI 

I t crystallises from anhydrous ether in transparent prisms, M.pt. 69° C , 
water or heat rapidly decomposing the compound. The corres]>ondmg 
chlorobromide, M.pt. 39° C, is easily soluble in alcohol, ether, carbon 
bisulphide, or ligroin, but some difficulty is encountered in getting the 
body to solidify. 

Tin diphenyl dibromide.—Formed by the action of hydrogen 
bromide on * tin diphenyl oxide, the oil solidifying instantly on the 
addition of a crystal of the chlorobromide. The compound has been 
more recently prepared by the direct bromination of tin tetraphenyl.3 

I t resembles the chlorobromide in properties, and melts at 38° C. Tin 
diphenyl di-iodide does not appear to be stable, the reaction taking the 
following course :— 

1. Sn(C 6 H 5 ) 2 0+2HI=Sn(C 6 H 5 ) 2 I 2 +H 3 0 
2. Sn(C 6H 5 ) 2 I 2+2HI=SnI 4+2C 6H 6 

Tin diphenyl oxide.4—When the corresponding chloride or hydroxy-
chloride in aqueous solution is digested with alkalies, or alcoholic or 
aqueous solutions of the chloride are treated with potassium or sodium 
hydroxides, ammonia or ammonium carbonate, the oxide is precipitated 
as a white powder, which resembles the hydroxychloride in solubility and 
properties. I t does not melt, and decomposes without fusion on heating. 

Tin diphenyl diethoxide, Sn(C6H5)2(OC2H5)2.~-If sodium ethyl-
1 Goddard, Ashley, and Evans, Trans. CUm. 8oc„ 1922, 121, 978. 
2 Aronheim, Annahn, 1878, 194, 145. 
3 Chambers and Scherer, J. Amer. Ghem, Soc.f 1926, 48, 1054. 
4 Aronheim, loc. cit. 
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ate be treated with tin diphenyl dichloride a precipitate is immediately 
thrown down. This consists of tin diphenyl oxide and sodium chloride, 
and if it be filtered off, and the filtrate evaporated, small white crystals 
of the ethoxide are deposited. These are best purified by repeated 
solution in alcohol and evaporation over sulphuric acid. The reaction 
is represented thus : 

1. Sn(CeHB)aCIJS+2NaOCaH5=2Naa+Sn(CftHB)8(OCaHB)2 

2. Sn(C6H5)2C]2+2NaOC2H5-2NaCl+Sn(CGH5)20+(C2H5)20 
Tin diphenyl aminochloride, Sn(CaH6)aNH2Cl, is formed as a 

by-product in the preparation of tin triphenyi chloride from tin di
phenyl chloride by the action of ammonia. When treated with water 
it is decomposed into tin diphenyl hydroxychloride and ammonia. 

Tin dibenzyl dichloride.1—When tin tribenzyl chloride (1 mol.) 
is dissolved in carbon tetrachloride, and iodine (1 mol.) added in small 
quantities, the following reaction ensues:— 

2Sn(CH,C6H6)8Cl+2la=Sn(CHaCeH6)2Cla+Sn(CHaCeH5)2l« 
+2CGH5CH2I 

By suitable treatment this mixture is then converted to chloride, 
which is easily soluble in alcohol, acetone, ether, chloroform, carbon 
tetrachloride, or boiling acetic acid, sparingly soluble in hot, light petro
leum. I t forms long* needles, M.pt. 163° to 1G4° C. Tin dibenzyl di-
iodide is more soluble in carbon tetrachloride than the corresponding 
chloride, so that it can be obtained from the mother-liquors from which 
the chloride has been deposited. It is also formed when tin dibenzyl 
oxide is dissolved in hot acetone containing hydrogen iodide. The 
compound crystallises in long, silky, yellow needles, M.pt. 86° to 87° C. 
The dibromide is formed from the oxide in a similar manner to the iodide. 
I t is more soluble than the chloride, and crystallises in colourless 
needles from light petroleum, M.pt. 103° C. 

Tin dibenzyl diacetate is deposited from the solution obtained by 
dissolving tin dibenzyl oxide in glacial acetic acid. I t forms long, 
colourless needles, M.pt. 136° to 137° C, readily soluble in acetone, 
chloroform, alcohol, or benzene. 

Tin dicyclohexyl difluoride2 is prepared from the dibromide or 
dichloride by adding the calculated amount of neutral potassium fluoride 
in aqueous alcoholic solution. I t is a fine, white, crystalline powder, 
difficultly soluble in all solvents with the exception of hot acetic acid, 
from which it crystallises in bushy needles, M.pt. 278° C, with previous 
sintering. The dichloride is obtained from the dihydroxide by long 
warming with concentrated hydrochloric acid. I t crystallises from 
benzene in colourless needles, M.pt. 8$° to 89° C, which sometimes are 
a centimetre in length. When molten, it becomes turbid at about 220° C.3 
and decomposes with rise of temperature. The dichloride, like the di
bromide,' is hydrolysed by a large bulk of water. Prolonged boiling of 
tin tetracyclohexyl in chloroform or carbon tetrachloride solution with 
the calculated quantity of bromine yields the dibromide, which crystal
lises in needles, M.pt. 5S° C. I t is very readily soluble in chloroform, 
benzene, or carbon tetrachloride, sparingly in alcohol or ether.3 The 

1 Smith and Kipping, Trans. Ghem. JSoc., 1912, IOI , 2553. 
2 Krause and Pohland, Ber., 1924, 57, [B], 535. 
3 See Griittner, Btr., 1914, 47> 3 ^ 7 -
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di-iodide is a snow-white, crystalline powder, M.pt. 42° C.1 Heated in 
a sealed tube it gives a clear liquid at about 250° C at 253° V. it becomes 
cloudy and changes to dark red, and above 300° (\ becomes black. The 
dihydrodide is formed by the hydrolysis of the dibromidc, and a basic 
bromide is not obtained. The dihydroxide is a white, amorphous powder, 
insoluble in water and the usual organic solvents. I t discolours towards 
280° C, sinters at 287° C, and is completely decomposed at 201° C. 

Aryl Derivative of the Type Alk.Ar.SnX2. 

Tin ethyl phenyl dichloride,2 Sn(C2H5)(C6H5)Cl2, is prepared by 
the action of stannic chloride on bin triethyl phenyl. I t forms rhombic 
plates, M.pt. 45° C, easily soluble in ammonia and alcohol, but with 
difficulty in water or dilute hydrochloric acid. 

Aryl Derivatives of the Type R2Sn.3 

Tin diphenyL—To the Grignard solution from 75 grams of bromo
benzene in 400 c.c. of ether, 15 grams of anhydrous, finely powdered 
stannous chloride are added, the mixture being shaken, ice-cooled, and 
dry nitrogen gas passed in. The solution first becomes deep reddish-
brown, and as the reaction proceeds a golden yellow, amorphous powder 
separates out. After one hour at room temperature the mixture is 
gently warmed for ten minutes, all operations being conducted in a 
nitrogen atmosphere. The product is then decomposed by ice, and 
shaken with benzene, and the benzene-ether layer removed, dried, and 
evaporated in vacuo to about 70 c.c. The deep red solution is shaken 
with alcohol, tin diphenyl being precipitated as a yellow powder. This 
may be purified by solution in benzene and precipitation with alcohol, 
the final product being washed with alcohol, then rapidly with a little 
ether, and dried in vacuo over phosphorus pentoxide. Yield 10 grams, 
64 per cent. It is a shining yellow, amorphous powder, readily soluble 
in benzene and chloroform, easily in ether, and insoluble in alcohol. Very 
dilute benzene solutions are intense yellow to reddish yellow, and soon 
become turbid on exposure to air, owing to oxidation. In sunlight the 
benzene solutions become deep red and a bright yellow precipitate 
separates. Dry tin diphenyl is oxidised in the air, becoming white. 
Fuming nitric acid causes it to inflame, and alcoholic silver nitrate is 
reduced. I t softens at 126° C, and melts to a dark red liquid at 180° C , 
from which tin separates at 205° C. When brominated at —25° C. in 
chloroform solution an oil is produced, and this, with aqueous alcoholic 
potassium fluoride solution, gives tin diphenyl difluoride, quadratic 
columns, melting above 860° C. I t is slightly soluble in alcohol or benzene. 

Tin di-p-tolyl is an orange-yellow, amorphous powder, softening at 
109° C, and melting to a clear, dark red liquid at 111-5° C ; on further 
heating it becomes turbid, and tin separates out at 245° C. I t dissolves 
in benzene in all proportions, readily in ether, but is insoluble in alcohol. 
The solutions resemble potassium dichromate in colour, and blacken 
alcoholic silver nitrate. I t is not so readily oxidised in air as the phenyl 
compound, 

1 Griittner, M.pt. 145° 0. 
2 Ladenburg, Annalm, 1871, 159, 251, 
3 Krause and B. Becker, Ber., 1920, 53, [B], 183; Chambers and Scherer, J. Am&r. 

Chem. Soc.f 1926, 48, 1054; see p. 329. 
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Tin d i -p -xy ly l has similar properties to the preceding compounds. 
I t sinters at 155° C , forms a deep red liquid at 157° C , and decomposes 
at 240° C. 

Tin di-cyclohexyl x is an intense yellow, odourless powder, very 
easily soluble in benzene, soluble in ether, and insoluble in absolute 
alcohol. In very dilute benzene solution it is citron yellow. When 
heated in absence of air it becomes deep orange-yellow at 130° C , and 
melts to a ruby red liquid a t 176° to 178° C , darkening at 260° C , and 
decomposing a t 285° C. 

Tin di-a-naphthyl is prepared in the usual manner, 30 grams of 
a-hromonaphthalene and 5 grams of stannous chloride giving 8 grams 
of tin dinaphthyl, 73 per cent. I t softens at 106° C.s melts to a dark red 
liquid at 200° C , and decomposes at 255° C. 

Aryl Derivatives of the Types ArsSn.SnAr3 and Ar;1Sn.SnAlk3.2 

H e x a p h e n y l d i s t a n n a n e . — T h e preparation is carried out in the 
same manner as tha t of tin diphenyl, but instead of warming the product 
for ten minutes as stated in t ha t preparation, it is now vigorously boiled 
for three to four hours in a stream of nitrogen. The reaction product is 
decomposed with water, extracted with benzene, and the latter solution 
separated off and dried. Hexaphenyldistannane may also be obtained 
by the reduction of tin triphenyl chloride in benzcne-xylene solution 
by metallic sodium (yield 50 per cent.), or in alcoholic solution (yield 
65 per cent.). From benzene i t contains 1-5 mols. of benzene of 
crystallisation, but from ether flat rectangular plates are deposited, 
from chloroform, pyramids. I t is somewhat soluble in benzene, readily 
in chloroform, sparingly in ether or acetone, and insoluble in alcohol. 
I t melts at 237° (\ , becomes yellow at 250° C , and decomposes at 280° C. 
I t reduces silver solutions a t —75° C. to black metallic silver. Bromina-
tion a t - 3 0 ° C. produces tin triphenyl bromide. 

Hexa-p-to ly ld is tannane is prepared by the t reatment of tin tri-p-
tolylbromide with metallic sodium and alcohol. Yield 64 per cent. I t 
crystallises fjrom benzene in colourless, rhombic plates, easily soluble in 
benzene or ether, sparingly in alcohol. I t melts at 143*5° C., becomes 
yellow a t 285° C , ami decomposes at 335° C I t has similar properties 
to the phenyl compound. 

Hexabenzyldistannane, 3 (C6II5.CII2)3Sn.Sn(C6II5.CIIa)3, is pre
pared by heating tin tribenzyl chloride with sodium in toluene solution. 
I t separates from acetone in colourless tablets, M.pt. 147° to 148° C , 
readily soluble in hot acetone or benzene. Treatment with iodine in 
benzene solution yields tin tribenzyl iodide. 

Hexa-p-xy ly ld i s tannane 4 is obtained from the bromide in 50 per 
cent, yield. I t crystallises from benzene-alcohol in flat, rhombic plates, 
very soluble in benzene or chloroform, sparingly soluble in ether, and 
insoluble in alcohol I t melts a t 196° C. (corr.), becomes yellow at 350° 
C , and decomposes a t 368° C. 

Hexacyclohexyldis tannane 5 is prepared from the bromide in 
1 Krause and Pohland, Ber.9 1924, 57, [B], 536. 
2 Krauae and Becker, he, ciL 
3 JL&w, J. Ohem, 80c, 1926, p. 324a 
f Krause and B- Becker, loccit 
* Krause and Pojiland, loo. A 
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xylene solution, in 90 per cent, yield. I t crystallises from hot xylene or 
benzene in six-sided plates, decomposing above 300° C. I t is sparingly 
soluble in cold benzene or xylene, easily soluble on warming, and is in
soluble in alcohol or ether. 

Tr iphenyl t r imethyldis tannane, 1 Ph3Sn.SnMe3.—Sodium tin tri-
phenyl is treated with tin trimethyl bromide in liquid ammonia, when 
the product is immediately precipitated. I t melts sharply to a clear, 
colourless liquid at 106° C.s and shows no tendency to oxidise in air. 

Derivatives of Tin Triphenyl.2 

Sodium tin triphenyl, (CeH6)3SnNa.—Tin triphenyl bromide is 
dissolved in liquid ammonia and the solution treated with metallic 
sodium. The reaction occurs immediately, the product being formed 
together with sodium bromide. The compound is a pale yellow, amor
phous powder, soluble in liquid ammonia, giving a pale yellow solution, 
and it dissolves to some extent in dry ether. When dry oxygen is 
passed through its solution in liquid ammonia, the solution evaporated 
and the residue extracted with hot benzene, tin triphenyl hydroxide, tin 
tetraphenyl, and tin diphenyl oxide are formed. The reaction between 
sodium tin triphenyl and phenylmercuric iodide in liquid ammonia gives 
rise to tin triphenyl, sodium iodide, mercury, and phenylmercuric amine, 
C6H5.Hg.NH2, M.pt. 128-5° to 124° C. With sodium monochloracetate 
in liquid ammonia solution the reaction is as follows :— 

(C6H5)3SnNa+CH2CLCOONa=(C6H5)3SnCH2COONa+NaCI 

The tin compound thus formed crystallises in plates, M.pt. 122° to 
122-5° C, soluble in the usual organic solvents, save petroleum ether, and 
insoluble in water. I t is best crystallised from 80 per cent, acetic acid, as 
the sodium salt is very soluble in water and undergoes hydrolysis. 

Tin tr iphenyl hydride is formed according to the following equation: 

(C eH5) aSnNa+NH4Br=(C6H5) sSnn+NaBr.+NIL t 

Five grams of tin triphenyl bromide are placed in a reaction tube and 50 c.e. 
of liquid ammonia condensed upon it. Sodium is added gradually until 
a permanent blue colour is obtained (0-63 gram sodium). Ammonium 
bromide, 1-25 grams, is added, the colour disappears and a white precipi
tate forms. The ammonia is evaporated and the residue extracted with 
ether. On evaporating the ether in an atmosphere of ammonia, a 
cloudy yellow oil and a white crystalline solid, M.pt. 229° to 232° C, arc 
obtained. This solid is tin triphenyl, and the liquid in an ammonia 
atmosphere boils at 173° to 174° C. at 6 mm. The latter is the hydride, 
which may be oxidised to tin triphenyl (M.pt. 232-5° C.) by passing dry 
oxygen through its solution in absolute alcohol for fifteen minutes. A 
white crystalline powder is obtained, which may be recrystallised from 
ether. All manipulations of the hydride must be conducted in an inert 
atmosphere. When the hydride is treated with sodium in liquid 
ammonia, sodium tin triphenyl is formed, and when tin triphenyl 
chloride is added to the solution, tin triphenyl and sodium chloride 
result. 

* Krause and Bullard, J. Amer. Ghem. Soc, 1926, 48, 2134. 
2 Chambers and Sckerer, Jt Amer. Chem. Soc.9 1926, 48, 1055. 
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Tin diphenyl hydride is prepared in much the same way as the 
preceding compound, the reactions being carried out in liquid ammonia, 
and represented by the following equations :— 

(C6H5)2SnBrt>+4Na = (C6H5)2SnNa9+2NaBr 
(C6H5)2SnNa2+2NH4Br-(C6H5)2SnH2+2NaBr+2NH3 

The compound forms as a dark brown precipitate. The ammonia is 
allowed partially to evaporate and dry ether added. The remainder of 
the ammonia is then evaporated, and by means of a eudiometer con
nected to the reaction tube, it is found that hydrogen corresponding to 
one molecular equivalent is evolved, i.e. the hydride loses its hydrogen, 
yielding tin diphenyl. The latter compound by this process is obtained 
as a yellow solid, decomposing at 205° C, and readily soluble in organic 
solvents, except ethyl alcohol. In the solid state it is not readily oxi
dised in the air, but in solutions the oxide soon separates. This com
pound differs from that described by Krause1 in its melting-point and 
reactivity towards oxygen (p. 326). 

Tin tetraphenyl reacts with sodium in liquid ammonia to form 
sodium tin triphenyl and disodium tin diphenyl, the amounts depending 
on the conditions of the experiment. 

Heterocyclic Systems containing Tin. 

These compounds are similar to the heterocyclic compounds of lead. 
Tin dimethyl or diethyl-cyclopentamethylene is obtained by the action 
of tin dimethyl- or diethyl dibromide or di-iodide on the magnesium 
compound of 1 : 5-dichloropentane with difficulty, and has the following 
constitution :— 

Etv XHa—CH,v 
>Sn< >CH2 

E l / X C H 2 — C H / 

I t is analogous to the cyclohexanes, in which a carbon atom has been 
replaced by quadrivalent tin. The constitution of the body is com
pletely determined by scission with halogen and molecular weight deter
minations. By the action of two atoms of bromine in the cold the ring 
is partially split, and tin diethyl-5-bromoamyl bromide obtained. 

E t x /B r 
>Sn< 

K t / xCH2(CH2)3CH2Br 

The reaction is quantitative and analogous to that of the lead com
pound. 

By the action of ethyl magnesium bromide, the bromine atom bound 
to the tin is replaced by the ethyl group, with the formation of tin 
triethyl-5-bromoamyl. In absolute ether solution the reaction with 
magnesium goes quite easily, a 75 per cent, yield being obtained, the 
(5-triethylstannyl-n-amyl)-magnesium bromide, 

E t x >Et 
> S n < 

E t / \CH2(CH2)3CH2MgBr 

giving with water, tin triethyl-n-amyl. 
i Krause and E. Becker, Ber., 1920, 53, [B], 183. 
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By the action of lead trimethyl bromide on the magnesium com
pound of trimethyl-5-bromoamyl tin, l-trimethyIstamiyl-5-trimethyI-
plumbyl-n-pcntane is formed. 

Lead trimethyl bromide and tin triethyl bromide with the mag
nesium compound of 1: 5-dichloropentane give bis-trimeth\iplumbyl-n-
pentane and bis-triethylstannyl-n-pentane respectively. 

Tin diethyl-cyclopentamethylene, 

Et2Sn<(CH2)5 

To the magnesium compound from 112 grams of 1:5-dichloropentane in 
400 c.c. of dry ether, 130 grams (half the calculated quantity) of tin 
diethyl dibromide are added in small portions with shaking. A violent 
reaction takes place and all the products pass into solution. After the 
reaction has subsided the whole is boiled for thirty minutes, the ether 
distilled off, and the residue baked on a boiling water-bath for one hour. 
The mass is decomposed with water, the ether layer separated, washed 
with water, and dried over calcium chloride. Removal of the ether gives 
an oil, which is fractionated under reduced pressure in a stream of carbon 
dioxide. The fraction distilling at 9S° to 104° C, after several distilla
tions at 14 mm. pressure, gives a constant boiling fraction at 95° C. 
Yield about 25 grams. The compound is a thin, colourless oil having 
a pleasant smell, resembling pine-leaf extract. In absence of air it may 
be kept for a month, but in the course of a day becomes turbid in air, 
depositing a white resin. 

Tin diethyl-5-bromoamyl bromide, 

/ (CH 2 ) 5Br 
Et2Sn< 

x B r 

A solution of 12-3 grams of the preceding compound in 50 c.c. of ethyl 
acetate is cooled in ice and treated dropwise with 8 grams of bromine in 
25 c.c. of ice-cold ethyl acetate, the mixture being frequently shaken. 
When all the bromine has been added, the ethyl acetate is distilled off, 
and the oil fractionated in carbon dioxide. The fraction, B.pt 189° to 
192° C. at 16 mm., gives a thick, colourless oil, B.pt, 190-5° C. at 10 mm. 
Yield quantitative. The bromine atom bound to the tin may be 
removed by treating the aleoholic solution of the substance' with alcoholic 
silver nitrate containing some nitric acid. The second bromine atom 
is estimated by the method of Carius. 

Tin triethyI-5-bromoamyl, Et3Sn.(CH2)5Br,~Fifteen grams of 
tin diethyl-5-bromoamyl bromide in 200 c.c. of ether are added to the 
Grignard solution from 25 grams of ethyl bromide in 100 c.c. of ether. 
The reaction is completed by boiling the mixture for five minutes. The 
mass is decomposed with water, and the ether layer separated and dried. 
Distillation in a carbon dioxide atmosphere yields an oil, B.pt. 155-5° C. 
at 15 mm. Yield quantitative. I t is a colourless, thin, air-stable, 
almost odourless oil. 

Tintriethyl~n-amyl,and 1 :10-Bis-triethylstannyl-n-decane, 
Et3Sn.(CH2)io-SnEt3.—Magnesium powder, 1-5 grams, is cauterised with 
0-5 gram of ethyl bromide in 10 c.c. of ether. The ether is then poured 
off and the powder treated several times with ether, the latter being 
decanted off. A solution of 10 grams of tin triethyl-5-bromoamyl in 
40 c.c. of ether is then added to the powder and a violent reaction takes 
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place. This is completed by two hours' boiling. The ether solution is 
then poured off, decomposed with water, and the ether layer separated 
and dried. The solution is now distilled in carbon dioxide under 
reduced pressure. At 111° C. at 15 mm. 6 grams of tin triethyl-n-amyl 
are obtained, and at 247° to 249° C. at 15 mm. 2 grams of 1 : 10-bis-tri-
ethylstannyl-n-decane. The latter is a colourless, odourless oil. 

Tin diethyl-n -amyl bromide is obtained as a colourless, thick, 
unpleasant smelling oil, by adding the requisite quantity of bromine in 
ethyl acetate to tin triethyl-n~amyl. 

Tin dimethyl-cyclopentamethylene is prepared in the same 
manner as the corresponding ethyl compound, which it resembles in 
properties. When treated with bromine it yields tin dimethyl-5-bromo-
amyl bromide, a colourless, air-stable, somewhat viscous, pungent oil 
of unpleasant odour. 

Tin trimethyl-5-bromoamyl, prepared in the usual way, is a 
colourless, thin, air-stable oil, having an odour resembling the tin 
alky Is. 

1 : 5-Bis- t r ie thylstannyl-n-pentane, EtaSn.(CH2)5.SnEt3. — 
Fifty grams of tin triethyl bromide are added to the Grignard solution 
from 15 grams of 1 : 5-clichloropcntane in 150 c.e. of ether. The re
action takes place smoothly and is completed by three hours' wanning; 
the solution is decomposed with water, the ethereal layer dried and the 
solvent removed. At 14 mm. the product distils at 204° to 200° C, 
further distillations giving a pure compound at 205-5° C. Yield 12 
grams. 

Derivative containing Tin and Lead. 

l-Trimethylstannyl-5-trimethylplumbyl-n-pentane, Me3Sn. 
(CIIa)5.PbMe3.-—The magnesium compound from 9-2 grams of tin tri-
methyl-5-hromoamyl in 50 c.c. of ether is shaken with 9-8 grams of lead 
trimethyl bromide. A smooth reaction takes place and all the product 
dissolves. The whole is boiled for thirty minutes and decomposed with 
water. To remove the excess of lead trimethyl bromide, the ethereal 
solution is twice shaken with 20 per cent, potassium hydroxide and 10 
per cent, sulphuric acid, and the precipitated lead trimethyl sulphate 
filtered off. The ethereal solution is then washed with water, dried over 
calcium chloride, and the ether distilled off. The oil remaining, when 
distilled under reduced pressure gives 7 grams of product at 104° C, 
this after several distillations yielding 4-5 grams of the required com
pound as a thick, colourless oil, B.pt. 162° C. at 17*5 mm. 

The physical constants of the above compounds are shown in Table 
XVIII, of the Appendix. 



CHAPTER XIV. 

ORGANOMETALLIC DERIVATIVES OF LEAD. 

A PERIOD of seven years elapsed after the preparation of the first tin 
organic compound before a derivative of lead was obtained. In 1859 
Buckton isolated lead tetraethyl by the interaction of zinc ethyl and 
lead chloride. A number of investigators then worked upon this com-

NaPb+Etl 

TABLE I. 

ZnEt2+PbCl2 MgEtI+PbCl2 

Et2PbCl2 ,Br2 ,I2< Hf^c
n 

Et4Pb horHCt > £ t 3 P b C U J d i ^ £ t o b , M e 

MgC4H9Br 

Et2Pb(C4H9) 

Mgtt-C5Hn)Br Br2at-7SC. 

EtjPba-CsHn) 

Et2(i-C5H11)PbCl^ ^ Et5Pb(l-C&Hn) 

M&QH9Br 

^Hgd -CgH jPb 

Br2 

Et(i-C5Hn)Pba2 

Et-Me^^f i-CsH^Pb^-
MgMel 

Et-QHgd-QH^PbBr 

TABLE II. 

Ph3Pb'C8H9 

Ph3Pb- Me 

Br2 

PhaPbCeHfl ^-^Ph2C6Hn-PbBr M$M e B> Ph2C6H17'PbMe-^-^Ph'C&HnMe-PbBn 

NaPb + PhBr PhMgBr+PbCl2 

*%f 
_ -^ «, ~, w* Br2 in Pyridine ^ * v HN03 

W^T^?^?bX < ~50°C ^Jh*Pb L ^PH 2 Pb(N0 3 ) 2 

Ph2-Me-PbBr 

PhMgBr+PbCL2 

Halogens 

MgEtBr 
>Pb D i l u t e l , i n C ^ > , V b C I ^ ^ I a ^ ^ P h 2 P b E t 2 

t X = B r o n l . 

MgC7H7Br 

Ph2Pb(C7H7)2 
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pound together with lead tetramethyl, and produced many derivatives 
of the type R 3SnX ( R = a l k y l ; X = a c i d radicle). I t is, however, 
within the last ten years t ha t the majority of the products recorded in 
this chapter have been made. The bulk of the work centres round 
mixed alkyl or aryl compounds, or combinations of the two. The 
above tables have been drawn up to show the main reactions carried 
out. In I. the lead alkyls are illustrated by making use of some ethyl 
derivatives, and in I I . phenyl compounds are used. The heterocyclic 
compounds of lead are similar to those of tin. 

Alkyl Derivatives of the Type "R4Pb. 

Lead t e t r a m e t h y l , Pb(CH3)4 .—This may be prepared by the inter
action of a sodium-lead alloy (20 per cent, sodium) and methyl iodide,1 

or from lead chloride and zinc methyl.2 I t has more recently been 
obtained by the Grignard reagent, from magnesium methyl chloride and 
lead chloride.3 The compound is a liquid boiling at 110° C , melting a.t 
—27*5° C , insoluble in water, but readily soluble in alcohol or ether. 
The following physical constants have been determined : density 2-034 ; 
1-9951; liK—nc 0-01881. Treatment with hydrochloric acid or iodine 
removes one of the methyl groups, giving a lead trimethyl halide. 

Lead t e t r a e thy l is isolated in a similar manner to the above methyl 
compound, from sodium-lead alloy and ethyl iodide 4 or from lead 
chloride and zinc ethyl.5 A simpler method than the foregoing is 
carried out as follows : 6 Twenty grams of ethyl iodide and 3 grams of 
magnesium are allowed to react in dry ether, and 10 grams of lead 
di chloride added, the whole then boiled for one hour. The mixture is 
then decomposed with water, the ether layer removed and dried over 
calcium chloride. After distilling off the ether, lead tetraethyl remains 
as a colourless oil, boiling with decomposition about 200° C , but un
decomposed at 91° to 92° C. at 19 mm. or 83° C. at 13 mm. I t has 
recently been obtained in 90 per cent, yield by the interaction of zinc 
diethyl and lead chloride.7 The compound is insoluble in water, but 
miscible with ether. One ethyl group is split off by the action of hydro
chloric acid or iodine, and sulphur dioxide yields diethyl sulphone. 
The compound is now used industrially for mixing with the fuel of 
explosion motors, as i t allows greater compression without the danger 
of self-ignition.8 Physical constants : density, 1-62 ; 1-6591; 1-64296 
at 22-4° C , n„ 1-50934, m> 1-51417, nT 1-53430, n F - n 0 0-01750. 

Lead tetra-n-propyl is obtained by the interaction of magnesium 
propyl bromide and lead chloride. Density 1*4419 ; n^—nc 0-01566. 

Lead tetra-sec-propyl is a highly mobile liquid, B.pt. 120-0° C. at 
14 mm., having a density 1-4578 at 12° C. 

Lead tetra-isobutyl occurs as white plates, M.pt. —23° C , 
density 1-3240 at 20-2° C. 

Lead te tra- i soamyl has a density of 1-2332 a t 20-5° C. 
1 Cahours, Annalen, 3862, 122, 67. 
2 Butlerow, Jahrwber., 1863, p. 476. 
3 Gruttner and Kranse, Ber., 1916, 49, 1415. 
4 Ghira, Gazze&ta, 1804, 24, i. 44. 
5 Buckton, Anmlm, 1859, 109, 222; 1861, 112, 226; Frankland and Lawmnce, 

Trans. Chem. Soc, 1879, 35, 245. 
3 Heiffer and Truskier, Ber., 1904, $/> H2& 
7 Meyer, Ghem. News, 1925, 131, 1. 
8 Jolibois and Normand, Compt rend., 1924,179, 27. 
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Alkyl Derivatives of the Type RgPbR'.1 

The method of preparation of this type of compound consists in 
treating lead trialkyl halides with magnesium alkyl halides, the reaction 
proceeding smoothly, and giving 90 to 95 per cent, yields. These bodies 
are colourless, easily mobile, and extraordinarily volatile—the tri-
methyl series at ordinary pressures soon becoming undecomposed boiling 
liquids, and in the pure state they can be kept in contact with air for 
a month without decomposing, provided that the light is excluded. In 
sunlight or direct daylight, however, they soon give brown precipitates, 
and the separation of metallic lead has been noticed. To ensure the 
production of pure compounds, the Grignard reagent must only be in 
slight excess, and the trialkyl lead halide must be free from lead halide. 
The separation of the mixed lead alkyls from their reaction products is 
carried out simply in the following manner: At the first distillation, 
the compounds of the triethyl series come over almost entirely, and the 
first and second runnings are quite distinct within a few degrees. These 
mixed compounds resemble the simple lead alkyls in their properties, 
and at very low temperatures solidify to glassy, amorphous masses. 
They immediately reduce alcoholic silver nitrate, and with halogens all 
the compounds, with the exception of lead methyl triethyl, split off a 
methyl or ethyl group. The compounds thus formed of the type 
Me3.Alk.Pb.Hal, form important starting-points for the preparation 
of mixed lead tetra-alkyls of the types Me2.Pb.Alk.a and Me3.Ph.Alk'. Alk. 
The bodies are highly poisonous, and possess a fruity smell, sometimes 
resembling raspberries, but the smell may be concealed by certain 
radicles, such as the isoamyl. 

Lead trimethyl ethyl.—To the magnesium compound from 13*5 
grams of ethyl bromide (0-125 mol.) in absolute ether, 28-8 grams 
of lead trimethyl chloride or 33-2 grams of lead trimethyl bromide are 
added, and after the initial reaction has subsided the whole is heated 
for two hours on the water-bath. The thick paste thus obtained is 
decomposed by water, the flask being cooled in ice, and the ether separ
ated oft. One quarter of the volume of the latter is distilled off, and the 
remainder fractionally distilled, the receiver being cooled in carbon 
dioxide-ether mixture. The yield is 85 per cent., and the compound 
boils at 27° to 28° C. at 10 to 11 mm. The product thus obtained is a 
colourless, mobile, and easily volatile oil, very inflammable, and yielding 
lead oxide on burning. 

The lead estimation is carried out as follows: The substance is 
dissolved in ten times its weight of carbon tetrachloride, cooled, and a 
large excess of a 10 per cent, solution of bromine in the same solvent 
added. The mixture is taken almost to dryness on the water-bath, then 
boiled a short time with a little absolute alcohol, and well cooled, the 
precipitate, which consists of pure lead bromide, being filtered on a 
Gooch crucible and washed with ice-cold alcohol-

Lead trimethyl n-propyl is prepared by the interaction of lead 
trimethyl chloride or bromide and magnesium n-propyl chloride, when 
a 90, per cent, yield is obtained. In the vacuum distillation the receiver 
must be cooled to at least —10° C. to avoid loss, the properties of the 
body being the same as the above compound. 

1 Griittner and Krause, Ber.f 1916, 49, 1125, 
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The following bodies are obtained in a similar manner, the yields 
being indicated : lead trimethyl n-butyl (80 per cent..); lead trimetlujl 
isohutyl (00 per cen t . ) ; lead trim ethyl isoamyl (80 per cent.). Sub
stituting lead triethyl chloride or bromide for the trimethyl compound, 
the following are isolated: lead methyl triethyl (90 per cen t . ) ; lead 
triethyl n-propyl (05 per cent . ) ; lead triethyl"isobiiiyl (92 per cent . ) ; 
lead triethyl isoamyl (9 4? per cent.). 

The physical constants of the compounds are shown in Table XIX, 
of the Appendix. 

Lead tctra-alkyls containing one or two secondary radicles can easily 
be obtained by the action of lead alkyl mono- or dihalides on secondary 
magnesium alkyl halides, whilst those containing three secondary 
radicles arc derived primarily from the tctra-alkyls.1 Table XX. of the 
Appendix gives a list of these compounds, together with their physical 
constants. 

Alkyl Derivative* of the Typo K aPbR a ' . 

In the preparation of these compounds it has been found advan
tageous to make a paste of the lead dialkyl halides, and then add this 
to the Grignard reagent. The properties of the compounds are similar 
to those described for the lead trialkyl alkyls. The simplest member of 
this series, lead dimethyl diethyl, has given rise to some discussion 
regarding its physical constants. I t was prepared by the action of 
magnesium methyl iodide on lead diethyl chloride. I ts properties are 
shown below: 

(3ruttner and Krause:3 

B,pt. 51° 0. at U mm. ; density, 1-7006 at 20° G.; nD 1-5177; n»-na 0-01785 at 20° C. 
B.pt. 54° 0. at 18 mm. 

Mollorandltfoiffor:8 

B.pt. 52° C. at 14 mm. ; density 1-7851 at 20° 0. ; n„ 1-5164 ; nj.-n0 0-01832 at 20° 0-
Table X X I . of the Appendix gives a list of the compounds made up 

to the present time together with their physical constants. 

Alkyl Derivatives of the Type R2PbR'R/ ' . 

Halogen substitution products of lead alkyls with secondary alcoholic 
radicles have been isolated4 by the reduction of ketones a t a lead 
cathode, when a mixture of stable and unstable lead alkyls is produced. 
The compounds containing one or more secondary radicles are produced 
in the usual way from lead alkyl mono- or dihalides. Since, however, 
the lead atom seems less firmly attached to a secondary than a primary 
group, the following compounds differ from the tetra-alkyls containing 
normal radicles. They are unstable in air, and the secondary radicle 
is expelled by bromine at —75° C , even before a lighter group. If 
the compound contains two seeondary groups, both are split off, whereas 
with normal radicles only one is removed at this temperature. 

Compounds of the above type, together with their physical constants, 
are shown in Table XXII* of the Appendix.5 

1 Grftttiuvr and Krause, Ber„ 1917, So, 278, 574. 
2 (Mttnor and Krause, ibid., 1916, 49, 1546. 
3 Hotter and Heififer, Bar., 1916, 49. 2441. 
* Tafel, Ber., 1911, 44, 304. 
6 Griittner and Krause? Ber,, IW, 50, 202, 574. 
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Alkyl Derivatives of the Type RR'B/ 'B/ 'Tb. 1 

Lead methyl ethyl n-propyl n-butyl,—Lead dimethyl ethyl n-
propyl is brominated at —75° C , when one methyl group is split off 
and the bromide formed. The latter is then treated with n-butyl 
magnesium bromide, the above compound being obtained in 90 per 
cent, yield. I t has B.pt. 103° C. at 13 mm. ; density 1-5068 at 23-5° 
C. ; nD 1-5072; n F - n c 0-01607 at 22-4° C. 

Lead methyl ethyl n-propyl isoamyl is prepared from the 
bromination product of lead diethyl propyl isoamyl and methyl mag
nesium chloride in 85 per cent, yield. I t boils at 115° C. at 15 mm. ; 
density 1-4792 at 21° C. ; nH« 1-50189; nD 1-50636; nH,* 1-51747; 
nHy 1-52720 at 21° C. 

Lead ethyl n-propyl n-butyl isoamyl is obtained in 75 per cent. 
yield by treating the bromination product of lead methyl ethyl n-
propyl n-butyl with isoamyl magnesium chloride. I t boils at 144° C. at 
14 mm. ; density, 1-3699 at 23-3° C.; nD 1-5028 at 21-5° C. ; n F - n 0 
0-01473, 

Alkyl Derivatives of the Type R3PbX. 

Lead trimethyl chloride, Pb(CH3)3CL2—When hydrochloric acid 
reacts with lead tetramethyl, one methyl group is displaced, and the 
solution on cooling deposits glistening needles of the above compound. 
If the substance be recrystallised from water it appears in prisms. The 
body is somewhat soluble in boiling alcohol, and can be sublimed. I t 
has been more recently prepared 3 by the chlorination of lead tetra-
methyl at —60° C. in ethyl acetate solution. I t is stated to be the most 
difficultly soluble of all the lead trialkyl halides, but easily soluble in 
ethyl acetate, and insoluble in light petroleum. I t gradually sublimes at 
187° C , but more rapidly at 195° C. Lead trimethyl bromide is prepared 
by similar methods to the chloride, and forms white prisms from ethyl 
acetate, which sinter at 131° C. Lead trimethyl iodide is formed by the 
interaction of lead tetramethyl and iodine. I t crystallises in colourless 
needles from alcohol, is sparingly soluble in water, and sublimes un
changed on heating. When the iodide is distilled with caustic alkali, 
lead trimethyl hydroxide is formed. The fluoride crystallises in needles, 
density 3-53 at 16° C, which explode feebly about 305° C.4 

Lead triethyl chloride, prepared in the usual way, forms white 
needles, M.pt. 172° C.5 The compound is easily soluble in alcohol and 
ether. The bromide crystallises from ether in needles, M.pt. 103° to 
104° C.; but the iodide is an oil, and has not been obtained in a pure 
state.6 

Lead triethyl hydroxide may be obtained from the chloride by 
means of alcoholic potassium hydroxide; it is strongly alkaline, difficultly 
soluble in water, and readily forms salts. Lowig isolated the sulphate, 

* Gruttner and Krause, Ber., 1917, 50, 209. 
2 Cahours, Annakn, 1862, 122, 43. 
3 G-riittner and Krause, Ber., 1916, 49, 1415. 
4 Krause and Pohland, Ber.} 1922, 55, [B], 1282. 
5 Buckton, Armakn, 1859, 112, 227; Pfeiffer and Truskier, Ber„ 1904, 37, 1125 ; 

Gruttner and Krause, he. tit,; Cahours, he. cit. 
6 Lowig, Annalm, 1853, 88, 318; Klippel, Jafawker., I860, p. 381; «T, prate, Ohem., 

1860, [I], 81, 286. r • > r 
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which crystallises in octahedra, insoluble in water, alcohol, or ether, and 
the nitrate, which is easily soluble in alcohol or ether. The following 
derivatives are also known: the carbonate, a crystalline powder, in
soluble in water, with difficulty in alcohol or e ther ; the thiocyanate, 
which crystallises from ether, soluble in water or alcohol; the cyanide, 
prisms from ether, insoluble in water, soluble in alcohol, decomposing 
with explosion and separation of metallic lead when hea ted ; the 
phosphate, soluble in the above solvents; the formate, acetate, butyrate, 
oxalate, and ditariraie, all of which arc easily soluble in water, alcohol, 
or ether. Two double salts of lead triethyl chloride are also known, 
PbEt3Cl.HgCl2 and 2PbEt3CLPtCl1 , the latter being difficultly soluble 
in water, but easily in alcohol or ether. The fluoride crystallises in 
prisms, density 2-18 a t 1G° C , decomposing about 240° C. 

Lead t r i - n - p r o p y l chloride.1—Twenty grams of n-propyl iodide 
in dry ether are treated with 2*7 grams of magnesium, and after the latter 
has dissolved, 2 grams of lead chloride are added in small portions, and 
the mixture boiled for two hours. After decomposition with water the 
ether layer is separated off, and dried over calcium chloride. Into the 
well-cooled ether solution, which now contains lead tetra-n-propyl, dry 
hydrogen chloride is passed, until a precipitate begins to appear. The 
ether is then separated off, and the residue dissolved in alcohol, and after 
taking this to dryness the residue is crystallised from alcohol or ligroin, 
when ilat, colourless needles are obtained, M.pt. 137° C. The compound 
is sparingly soluble in water, more soluble in alcohol, ether, chloroform, 
benzene, or ligroin. I t does not combine with pyridine, but when shaken 
with moist silver oxide, lead tri-n-propyl hydroxide is obtained. The 
latter compound absorbs carbon dioxide from the air, and yields salts 
with acids. With hydrogen bromide the bromide is obtained, which 
crystallises in needles, M.pt. 82° CM and has the same solubility as the 
chloride. The sulphate, from sulphuric acid and the hydroxide, is easily 
soluble in water, but insoluble in the usual organic solvents. I ts solu
tion in concentrated sulphuric acid soon becomes turbid, at the same 
time emitting numerous small bubbles. The compound decomposes 
when heated, before melting. The acetate crystallises in colourless 
needles, M.pt. 116° C , soluble in the usual organic solvents. The 
fiuo7-id-e crystallises in bushy needles, density 1-56 at 18° C , exploding 
a t about 235° C. 

Lead t r i « n - b u t y l ch lo r ide is obtained from magnesium butyl 
iodide, and lead chloride, the product being treated with hydrogen 
chloride as above. I t forms colourless, flat needles which melt to a clear 
liquid a t 109° to 110° C , and have a similar solubility to the propyl 
compound. The hydroxide is prepared by dissolving the chloride in 
aqueous alcohol and shaking with silver oxide. The solution in water 
has an alkaline reaction, and absorbs carbon dioxide from the air. 
When treated with hydrogen bromide a white precipitate of lead iri-n-
butyl bromide separates, which may be recrystallised from ether or 
chloroform. 

Lead t r i - i s o b u t y l ch lo r ide 2 melts a t 122° C. without decomposition; 
the bromide has M.pt. 107° to 108° C. ; the iodide forms yellow plates, 
which decompose when heated; the fluoride forms prisms, decomposing 
a t about 280° C. and having a density of 1-50 a t 17° C. 

1 Heiffer, Trustor, and Disselkamp, Ber„ 1916, 49> 2445. 
a Ortittner and Kranse, Ber., 1917, 50, 278, 

V O L . XI. : I. 2 2 
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Lead t r i - i s o a m y l chloride.1—This compound is stated to be 
crystalline, but no melting-point is given. The bromide sinters at 129° 
C. and melts at 132° to 133° C ; the iodide, which was originally obtained 
by heating sodium-lead alloy with isoamyl iodide, and treating the 
reaction product with iodine, crystallises in yellow plates, which arc 
insoluble in water, and with difficulty in alcohol or ether. I t forms an 
addition product with mercuric iodide, Pb(C6H11)3LHgIa. The free 
base, lead tri-isoamyl hydroxide, is prepared from the iodide by means of 
silver oxide. The fluoride forms long, colourless needles, density 1-46 
at 17° C , decomposing at about 251° C. 

Alkyl Derivatives of the Type R2PbX2 . 

Lead d imethy l dichloride,2 Pb(CH3)aCla.—When lead tetra-
alkyls are treated with halogen at —20° C. two alkyl groups are re
moved. The dichloride is practically insoluble in most organic solvents, 
and has a strong acid reaction in warm water. The oxide dissolves in 
weak acids and in caustic alkalies. The sulphide is soluble in hydro
chloric acid or ammonium sulphide, insoluble in acetic acid, but the 
chromate is soluble in the latter. The dibromide has similar properties 
to the dichloride, and a di-iodide has also been prepared. 

Lead diethyl dichloride may be prepared as above or from lead 
diethyl diphenyl by the action of hydrochloric acid or by thallic chloride.3 

I t crystallises from alcohol in pale yellow needles. The corresponding 
dibromide is prepared from lead diethyl diphenyl by the action of 
dry hydrogen bromide. I t crystallises in glistening, yellow prisms, 
which become white on long standing in air, and are decomposed by hot 
solvents. 

Lead di-n-propyl dichloride is more stable than most of the lead 
dialkyl dichlorides. In contact with water or alcohol at 30° C. it slowly 
splits off lead chloride, and when heated to 228° C. it decomposes. 

Lead di- isobutyl dichloride crystallises in white plates from hot 
alcohol, and the dibromide melts at 102° to 103° C. with decomposition. 

Lead di- isoamyl dichloride decomposes at 108° C, and the 
dibromide sinters at 93° C. 

Alkyl Derivative of the Type R 2 PbX'X" . 

Lead di-isobutyl chlorobromide melts with sudden decomposition 
at 110° C. 

Alkyl Derivatives of the Type RR'PbX 2 . 4 

Lead methyl ethyl dichloride.—Twenty grams of lead trimethyl 
ethyl in 100 c.c. of ethyl acetate are chlorinated at —75° C , whereby 
the monochloride is obtained. This on chlorination without cooling 
yields the dichloride in quantitative yield. I t is fairly soluble in warm 
water and alcohol and crystallises on cooling in hair-fine needles, which 
are not so well formed as those of lead dimethyl or diethyl dichlorides. 

1 Kiippel, Jaliresber., 1860, p. 381; Griittnor and Krause, Ber., 1917, 50, 278. 
2 Grfittner and Kxause, Ber., 1916, 49, 1415. 
* Moller and Pfeiffer, Ber., 1916, 49, 2441; Goddard and Goddard, Trans. Chem, 

Soc, 1922, i2i , 482. 
* Griittner and Krause, Ber,} 1917, 50, 209. 
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In pyridine or dimethylaniline it dissolves with extraordinary ease, and 
heat is evolved. The pyridine addition product crystallises from 
alcohol in centimetre needles, but lead chloride separates on keeping. 
The aqueous solution of lead methyl ethyl dichloride has a feeble acid 
reaction, and the compound is easily soluble in potassium hydroxide, 
sparingly in ammonium hydroxide. Hydrogen or ammonium sulphides, 
from neutral Feebly alkaline, or very dilute acetic acid solutions, pre
cipitate a white sulphide, soluble in hydrochloric acid or excess of 
ammonium sulphide. Potassium iodide solution gives a canary yellow 
di-iodide, insoluble in acetic acid, easily soluble in hydrochloric acid. 
With potassium chromatid a bright yellow chromate is formed, easily 
soluble in acetic acid. 

Lead ethyl isoamyl dichloride is obtained in quantitative yield 
by ehlorination of lead diethyl isoamyl chloride. It crystallises in 
plates, sparingly soluble in water, insoluble in ether, ethyl acetate, or 
benzene. 

Lead n-propyl isobutyl dichloride occurs in shining plates. 
Lead n-propyl isoamyl dichloride is obtained from lead methyl n-

propyl isoamyl chloride, and crystallises from hot alcohol, in which it is 
easily soluble, in plates, insoluble in benzene, ether, ethyl acetate, or 
water. The sulphide may be obtained in the usual way, and it is readily 
soluble in alcoholic ammonium sulphide, sparingly in aqueous ammonium 
sulphide. 

Lead ethyl isobutyl dibromide forms a snow-white, fine powder, 
soluble in small quantities in warm alcohol. 

Lead n-propyl isobutyl dibromide crystallises from ether in 
glistening plates. The sulphide is pale yellow. 

Lead isobutyl isoamyl dibromide forms plates, M.pt. 95° C. 

Alkyl Derivatives of the Type RgPb.1 

Lead triethyl, Et3Pb.—Sixty-five grams of lead triethyl chloride, 
covered with 100 c.c. of distilled water, are treated with 40 c.c. of 5-
Normal sodium hydroxide and the mixture stirred until solution is 
complete. Addition of 200 c.c. of 5-Normal sodium hydroxide pre
cipitates the lead triethyl hydroxide, which is separated. Sixty grams 
of the latter in 200 c.c. of 95 per cent, alcohol are electrolysed with lead 
electrodes, using a current density of 0*01 amperes per sq. cm. Lead 
triethyl forms as an oil at the cathode. It is pale yellow in colour, 
density 1-04, and readily oxidised in air, giving a yellowish powder. 
I t may be distilled in steam, and at 2 mm. pressure it boils at 100° C, 
but it decomposes when distilled at ordinary pressure. I t is still liquid 
at —80° C. In dilute solution it corresponds to the simple formula, 
Et3Pb, but at higher concentrations exists as Et6Pb2 , this property 
being similar to that of the corresponding aryl compounds. 

Aryl Derivatives of the Type R4Pb. 

Lead tetraphenyl, Pb(C6H6)4.—This body was first prepared2 from 
sodium-lead alloy, bromobenzene, and ethyl acetate by heating the 
mixture to boiling in an oil-bath for sixty hours. It is much more 

1 Midgley, Hoohwalt^and Oalingaert, J, Amer. Chem, Soc, 1923, 45> 1821. 
3 Polis, Ber., 1887, 20, 716. 
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readily obtained by use of the Grignard reagent,1 the course of the 
reaction being represented as follows :— 

2PbCl 2 +4C 6 H 5 MgBr-Pb+Pb(C 6 H 5 ) 4 +4MgClBr 

The following method of conducting the experiment is said to give a 
50 per cent, yield.2 To the Grignard solution from 12-15 grams of 
magnesium, 78-5 grams of bromobenzene and 200 c.c. of anhydrous ether, 
400 c.c. of dry benzene are added, and 63 grams of finely divided 
lead chloride in one lot. After boiling for eight hours, the whole is 
poured into hydrochloric acid containing ice, and then filtered. The 
solid lead tetraphenyl, etc., is boiled with 300 c.c. of benzene for a 
few minutes and then filtered, the cool filtrate yielding a crop of pure 
lead tetraphenyl. The crystals are removed and the filtrate used to 
make three further extractions of lead tetraphenyl. The benzene 
extraction liquor is then added to the ether-benzene layer which forms 
the filtrate when the Grignard reaction mixture is hydrolysed and 
filtered. Evaporation of these solvents yields 6 to 10 grams of lead 
tetraphenyl. The total yield is about 29 grams. 

Lead tetraphenyl crystallises in small, white needles, M.pt. 224° to 
225° C , which distil unchanged at about 240° C.3 

The body shows decomposition if heated above 270° C.4 and burns 
in air with a reddish flame and the separation of lead oxide. I t is 
moderately soluble in chloroform, benzene, or carbon bisulphide when 
hot, and difficultly soluble in alcohol, ether, ligroin, or acetic acid. If 
heated in a sealed tube with hydrochloric acid decomposition occurs, 
lead tetrachloride and benzene being produced. By the action of 
halogens or concentrated nitric acid two phenyl groups are split off, 
and a lead diphenyl dihalide or dinitrate formed. A similar action 
takes place with iodic acid, formic, acetic, trichloracetic, propionic, 
valeric, and p-nitrobenzoic acids.5 With metallic chlorides the follow
ing derivatives are formed : arsenic trichloride — * lead diphenyl 
dichloride and diphenyl arsenious chloride; antimony trichloride —>* 
lead diphenyl dichloride and diphenylstibine chloride; antimony penta
chloride —> lead diphenyl dichloride and diphenylstibine trichloride; 
bismuth tribromide -—> lead diphenyl dichloride and diphenylchloro-
bismuthine; thallie chloride — > lead diphenyl dichloride and thallium 
diphenyl chloride;6 tellurium tetrachloride — > lead diphenyl dichloride 
and tellurium diphenyl dichloride. 

Lead tetraphenyl7 crystals have been shown to belong to the tetra
gonal system, the axial ratio, a : c = l : 0-3808, the corresponding tin 
compound giving a : c — 1 : 0*38935, and silicon tetraphenyl, a : c — 
1 : 0-43969, the three compounds being isomorphous, the value of the 
principal axis decreasing with increase in atomic weight of the grouping 
element. 

Lead tetra-p-tolyl may be prepared by heating under reflux 120 
grams of p-bromotoluene, 300 grams of sodium-lead amalgam, 40 grams 
of toluene, and 4 c.c. of ethyl acetate for fifty hours in an oil-bath. 

1 Pfeifter and Truskier, Ber.t 1904, 37, 1125. 
2 Golman and Kobinson, J. Amer. Chem. 80c, 1927, 49, 2315. 
3 Zechmeister and Csabay, Ber.f 1927, 60, [B], 1617. 
* Polis, Ber., 1887, 20, 716. 
6 Goddard, Ashley, and Evans, Trans. Chem. 80c, 1922, 121, 978. 
6 Goddard and Goddard, Trans. Chem. 80c, 1922, 121, 256. 
7 Polis, loc. cit 
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After subjecting this mixture to vacuum distillation the residue is 
extracted with hot benzene, the solution on cooling depositing white 
needles, from which the ditolyl can be removed by treatment with 
alcohol. The colourless needles of the pure compound melt a t 289° to 
240° C. to a liquid which decomposes at 254° C. I t is more easily 
soluble than the corresponding phenyl compound in benzene, carbon 
bisulphide, or chloroform, and is difficultly soluble in boiling alcohol. 
Lead tetrabenzyl is not obtained by this reaction. 

Lead tetracyclohexyl, Pb(C 6H l l) 4 . 1-~To a solution of 23 grams of 
magnesium cyclohexyl bromide in 100 grams of ether, 10 grams of 
dried lead chloride are added, the reaction going smoothly, and finely 
divided lead separating out. After six hours' boiling the mixture is 
decomposed by very dilute hydrochloric acid, the ether removed, and 
the residue tri turated with absolute alcohol, quickly dried, and crystal
lised from benzene. The compound separates in canary yellow plates, 
which slowly decompose with separation of lead at 200° C , and if rapidly 
heated to 225° C. explode.2 

Lead te tra-p-xyly l , l>b[(CH3)2CeH3]4.—This is isolated by treating 
the magnesium compound from p-bromoxylene (O-04* mol.) with tri-
p-xylyl lead bromide (0-01 mol.). The compound melts to a clear 
liquid a t 255° C , but at 270° C. decomposes with the separation of 
metallic lead. I t crystallises from benzene in plates, and is easily 
soluble in chloroform, with difficulty in ether, and insoluble in alcohol.3 

Lead tetra-a-thienyl is prepared in the same way as the correspond
ing tin compound. I t melts a t 154-5° C. (corr.).4 

Aryl Derivatives of the Type I t 3 PbR' . 

The general method of preparation of these bodies is as follows : 
Fifty grams of lead triphenyl bromide is added in small quantities, with 
continual shaking, to an ice-cooled solution of one and a half times the 
calculated quantity of magnesium aryl bromide, in 400 c.c. of ether. 
When the reaction ceases the product is boiled for one to two hours under 
reflux, then cooled and decomposed with aqueous ammonium chloride 
solution. The ether layer is separated off, dried, and after evaporation 
the residue is recrystallised from alcohol or alcohol-ether.5 

Lead triphenyl p-to ly l forms hair-fine needles, M.pt. 125-5° C , 
decomposing about 260° C. 

Lead triphenyl p - x y l y l , P t ^Ce l^ s -CgH^ crystallises from dilute 
alcohol in needles, M.pt. 125-5° C. I t is easily soluble in ether, benzene, 
or chloroform, slightly so in cold alcohol, more readily in hot alcohol. 

Lead triphenyl m-xy ly l crystallises from alcohol in star-like 
groups of rod-shaped crystals, M.pt. 111-5° to 112° C. 

Lead triphenyl p-phenetyl crystallises from alcohol in fine, white 
needles, M.pt. 119° to 120° C. 

1 Griittner, Be,r., 1914, 47, 3257. 
2 This body has also been obtained by the interaction of lead tricyclohexyl bromide and 

magnesium cyclohexyl bromide (Krause, Ber.a 1921,54, [B], 2066). Krause states that his 
preparation became yellow at 130° 0., and blackened at 160°, and it crystallised in colour
less, rectangular plates, easily soluble in hot benzene, sparingly in alcohol. 

3 Krause and Sohmitz, Ber., 1919, 52, [B], 2165. 
* Krause and B-enwanz, Ber„ 1927, 6o, [B], 15S2. 
6 Krause and Schmitz, Ber., 1919, $2, [B], 2150. 
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Lead triphenyl cyclohexyl, Pb(C eH5)3 .C cH l l s forms flat lancets, 
M.pt. 119° C. 

Lead triphenyl a-naplithyl crystallises from hot alcohol in char
acteristic Hat, yellow, warty tufts of needles, M.pt. 101° C , which arc 
easily soluble in ether, benzene, or chloroform. 

Lead triphenyl p-phenoxyphenyl forms microscopic white 
crystals, melting at 127° C. and decomposing at 260° C.1 

Aryl Derivatives of the Type R a PbRV 

Lead diphenyl di-a-naphthyl, Pb(C6H5)a(C10H7)3.—This is ob
tained as a snow-white, granular, crystalline powder by the interaction 
of lead diphenyl dibromide and magnesium a-naphthyl bromide. The 
product melts at 197° C, lead separating at a higher temperature, and 
it is soluble in ether, benzene, or hot alcohol. I t reacts with thallic 
chloride according to the equation:3 

Pb(CeH6)a(C10H7)a+TlCl8=Pb(CsH5)aCIa+Tl(C10H7)aCl 

Lead diphenyl di-o-tolyl.3—To a solution of 5-6 grams of o-bromo-
toluene and 0-8 gram of magnesium in dry ether, 5 grams of lead 
diphenyl iodide are slowly added. After the reaction has subsided, the 
mixture is heated for half an hour on the water-bath, cooled, and 25 c.c. 
of toluene added, the whole then being decomposed with dilute 
hydrochloric acid. The toluene-ether layer is separated, the solvents 
removed, and the residue subjected to steam distillation to remove 
the last traces of toluene. An oil is obtained which soon solidifies to a 
yellow mass; this when crystallised from alcohol appears as white 
needles, sintering at 129° C, and melting at 134° to 135° C. I t is readily 
soluble in cold chloroform and in hydrocarbons. 

Lead diphenyl dicyclohexyl may be prepared either by the inter
action of magnesium cyclohexyl bromide and lead diphenyl dibromide or 
magnesium phenyl bromide and lead dicyclohexyl dibromide. I t forms 
pale yellow needles, M.pt. 178° to 180° C , the yellow liquid soon de
positing metallic lead. The compound is soluble in alcohol, benzene, 
carbon tetrachloride, or ethyl acetate.4 

Lead diphenyl di-p-xylyl forms colourless, prismatic rods, M.pt. 
94° C, decomposing at about 250° C, easily soluble in benzene, chloro
form, or ether, sparingly in cold alcohol.5 

Aryl Derivatives of the Type Alk3PbAr. 

The general equation for the preparation of this type of compound is 
as follows :—6 

Alk3Pb.Hal+Ar.Mg.Hal=Alk3PbAr.+MgJIal2 

The lead trialkyl aryls are colourless, oily? strongly refracting liquids, 
having a faint, characteristic odour. They are insoluble in water, but 

* Krause and Schlottig, Ber.9 1925, 58, [B], 427. 
2 Goddard and Goddard, Trails. Ohem. BootJ 1922, 121, 485. 
3 Lederer, Ber., 1916, 49, 349. 
4 Gruttner, Ber., 1914, 47, 3257. 
6 Krause and Schlottig, he. tit. 
8 Gruttner and Griittner, Ber., 1918, 51, 1293. 
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miscible with the usual organic solvents. Under a pressure of 13 to 
16 mm. they boil without decomposition in a carbon dioxide atmosphere, 
the only exception being lead triethyl benzyl, which shows a separation 
of dibenzyl. The compounds decompose at 200° C. with separation of 
lead and feeble explosion, burning with a reddish flame, and giving lead 
oxide. The trimethyl compounds are volatile in steam, and all the 
derivatives when treated with bromine in ethereal solution at —75° C. 
split off an alkyl or aryl group. 

The crude products are obtained from 0-2 mol. of lead trialkyl 
bromide, and 0-3 mol. of ethereal magnesium aryl halide, the mixture 
being boiled for several hours under reflux, then decomposed with water, 
the ethereal layer washed with 10 per cent, alkali, then sulphuric acid, 
and the ether distilled off. The bromination of these compounds at 
—75° C. is carried out by adding to an ethereal solution of the lead com
pound, a solution of bromine in the same solvent, until the colour of the 
bromine persists. Aryl bromide and lead trialkyl bromide result. In 
the case of lead triethyl benzyl, both an alkyl and a benzyl group are split 
off, this being analogous to the action of bromine on lead alkyls con
taining a secondary alkyl group. A list of these compounds is given 
in Table X X I I I . of the Appendix. 

Aryl Derivatives of the Type Alk2PbAr2. 

Lead die thyl d iphenyL 1 —To the solution from 15 grams of ethyl 
bromide and 3 grams of magnesium in 200 c.t\ of dry ether, 11 grams of 
lead diphenyl bromide (obtained by the action of bromine on lead tetra-
phenyl) are added, the mixture being well shaken. The whole is boiled 
for an hour, cooled in ice, and decomposed with dilute hydrochloric acid. 
The ethereal layer is dried over calcium chloride, the ether evaporated off, 
and the residue distilled in vacuo a t 20 mm. I t is a colourless, very 
strongly refractive liquid, which shows partial decomposition when 
distilled, metallic lead separating out. Yield about 5 grams. 

When treated with hydrochloric acid or chlorine, two phenyl groups 
are split off, and with thallic chloride it reacts as follows :— 

Pb(C2II6)2(C6H5)2+TlCl3-Pb(C2n5)2Cl2-f-Tl(C6H5)2Cl 

The specimen of lead diethyl diphenyl used in this reaction distilled at 
182° C. at 1C mm.2 

Lead die thyl d i - a - n a p h t h y l 3 crystallises from alcohol in white 
prisms, M.pt. 116° C , fairly soluble in ether. 

Aryl Derivatives of the Type R 3 PbX. 4 

Lead triphenyl chloride.—When the precipitate obtained by 
shaking lead triphenyl iodide with alcoholic caustic alkali is treated 
with 50 per cent, aqueous hydrochloric acid, a quantitative yield of the 
above chloride is produced. This crystallises from alcohol in snow-
white needles, which sinter a t 204° C. and melt a t 206° C. I t has the 
same solubility as the bromide. 

i Holier and Pfeiffer, £er.f 1916, 49, 2441. 
2 Uoddard and Goddard, Trans, Chem. Soc, 1922, 121, 483. 
8 Krause and Schmitz, Ber., 1919, 52, [B], 2150. 
* Griittner, JBer.t 1918, 51, 1298; Krause and Schmitz, he. cit. 



344 ORGANOMETALLIC COMPOUNDS, 

Lead triphenyl bromide.—To a. solution of 51*4 grains (0-1 mol.) 
of finely powdered lead tetraphenyl in one litre of pyridine, cooled to 
—50° C. by solid carbon dioxide, a similarly cooled solution of 0-2 mol. 
of bromine in 200 c.c. of pyridine is added, without rise of temperature. 
An orange-coloured product which at first appears, gradually dissolves, 
and after an hour the whole is allowed to rise to room temperature and 
stirred. After filtering off the residue the solution is concentrated at 
110° C. at 16 mm., a nearly colourless mass being obtained. This is 
triturated with 100 c.c. of methyl alcohol, 100 c.c. of 10 per cent, hydro
bromic acid added, the whole filtered, and washed free from acid by 
water. After further treatment with methyl alcohol the product is 
practically pure, the yield being 90 per cent, of the theoretical. The 
compound crystallises from methyl alcohol in white, silky needles, 
sintering at 164° C. and melting to a clear liquid at 160° C.5 the latter 
slowly becoming turbid and lead bromide separating out. I t is some
what soluble in hot ethyl alcohol, ether, or benzene, with difficulty in 
cold methyl alcohol or benzene, and insoluble in water. I t dissolves in 
alcoholic sodium or potassium hydroxide, without forming a hydroxide. 
When rapidly heated it explodes, emitting a reddish light and depositing 
metallic lead. In the dry state it does not affect the mucous membrane 
of the nose to the same extent as the lead alkyl halides. 

Lead triphenyl iodide.3—If the mother-liquors of the above 
bromide be treated with potassium iodide, and the product obtained 
crystallised from water, the iodide separates in pale yellow prisms, 
which sinter at 139° C. and melt sharply at 142° C. to a canary yellow 
liquid, whicli soon deposits lead iodide. I t is difficultly soluble in hot 
methyl alcohol, and insoluble in water, and is distinguished from all the 
other lead aryl or alkyl iodides by its stability. I t does not appear to 
yield an oxide with alcoholic sodium or potassium hydroxide, but a 
white precipitate is thrown down, this yielding lead triphenyl chloride 
with 50 per cent, hydrochloric acid. 

Lead triphenyl fluoride forms fine needles, decomposing about 
318° C. ; density 1-82 at 16-5° C. 

Lead triphenyl sulphide is obtained as a white, floccuient pre
cipitate by passing hydrogen sulphide into a concentrated alcoholic 
solution of the chloride. When freshly made it is remarkably soluble in 
organic solvents, and stable on heating. I t is easily soluble in alcohol 
or ammonium sulphide, but not appreciably in water. 

Lead tri-p-tolyl fluoride.2—A solution of the corresponding 
iodide is mixed with an aqueous alcoholic solution of neutral potassium 
fluoride, the fluoride being precipitated as a micro-crystalline powder. 
I t crystallises from much hot alcohol in hair-like needles, decomposing 
at about 280° C. 

Lead tri-p-tolyl iodide3 is obtained by the action of iodine on 
lead tri-p-tolyl. I t crystallises in pale yellow, prismatic spears, 2 to 3 
cm. long, melting at 115° C. to a. clear yellow liquid, which decomposes 
at about 195° C. with separation of lead iodide. 

Lead tri-p-xylyl chloride.—Lead tri-p-xyfyl is changed to the 
bromide, and this with potassium hydroxide yields the hydroxide, which 
is then treated with dilute hydrochloric acid. The chloride crystallises 

1 See Kxause and Reissaus, Ber., 1922, 55, [B], 897. 
2 Krause and Pohland, Ber., 1922, 55, [B], 1288. 
3 Krause and Keissaus, he. cit. 
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from alcohol in large, colourless, silvery, rectangular plates, M.pt. 
167-5° C.s decomposing about 195° C. 

Lead tri -p-xylyl bromide.1—When lead tri-p-xylyl is bromin-
ated in pyridine solution at —70° C , simple addition of the halogen 
occurs. The compound crystallises from hot alcohol in silvery, 
glistening plates, M.pt. 177° C , to a clear liquid. I t is easily soluble in 
benzene, chloroform, or hot alcohol. (It should be noted that bromina-
tion of lead tri-p-xylyl in chloroform solution at —10° C. yields lead 
di-p-xylyl dibromide.) 

Lead tricyclohexyl fluoride is obtained from the hydroxide by the 
action of hydrofluoric acid or from the iodide by neutral potassium 
fluoride. From hot alcohol small lancets are deposited, which decompose 
at about 3 98° C. Its density at 16-5^0. is 1-79. 

Lead tricyclohexyl chloride.2—The hydroxide is treated with 
dilute hydrochloric acid and the product recrystallised from hot alcohol. 
I t forms pale yellow, hair4ike needles, decomposing at 236° C. 

The bromide may be obtained in a similar manner or by direct 
brommation of lead tricyclohexyl in chloroform solution a t —10° C. 
I t crystallises in yellow needles, decomposing at 210° C. 

The iodide forms glistening, golden yellow, thick prisms, a centi
metre in length. I t melts a t 91-7° C. and decomposes at 325° C. I t 
is very soluble in benzene or chloroform, fairly soluble in ether or hot 
alcohol, sparingly in cold alcohol. When shaken in benzene solution with 
30 per cent, potassium hydroxide it yields the hydroxide, a white, amor
phous powder which has not been isolated in a crystalline form. 

Aryl Derivatives of the Type R2PbX2-

Lead diphenyl d ich lor ide , (CeII6)2PbCla.
3—This is obtained by 

passing dry chlorine into a carbon bisulphide solution of lead tetra-
phenyl and wanning the mixture, when a white precipitate appears, 
which is washed with carbon bisulphide to remove chlorobenzene. I t 
may also be prepared by heating lead tetraphenyl with the chlorides 
of arsenic or antimony, bismuth bromide, thallic chloride or stannic 
chloride in xylene solution.4 A third method consists in treating the 
corresponding dinitrate with potassium chloride. Lead diphenyl di
chloride is insoluble in alcohol or ether, slightly soluble in chloroform, 
benzene, or carbon bisulphide. I t decomposes on melting, and when 
treated with silver nitrate the chlorine is removed, giving the dinitrate. 
With pyridine it forms a molecular compound (CaH5)aPbCl2.4C6H6N.5 

Lead d iphenyl d ib romide . 6 —By treatment of the dinitrate with 
potassium bromide, the dibromide is isolated as a white powder which 
decomposes on heating, bu t does not melt, and appears to be more 
soluble than the di-iodide. I t may also be obtained by direct brommation 
of lead tetraphenyl in chloroform solution. The following addition com
pounds have been isolated, (C6H5)2PbBra .4C sH6N and (C6H5)2PbBr2. 
2NH3 . The latter is formed when ammonia is passed through a U-tube 

1 Krause and Schmitz, Ber., 1919, 5̂ > [£]» 2165. 
2 Krause, Ber., 1921, 54* [B], 2065. 
3 Polis, Ber., 1887, 20,0331. « „ , , 1 Goddard, Ashley, and Evans, Tram. Ohem. Soc, 1922, 121, 978; Goddard and 

Goddard, ibid., 1922, 121, 256. 
6 Pfeiffer, Truskier, and Disselkamp, Ber., 1916, 49, 2445. 
8 Palis, Ber., 1887, 20, 716. 
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containing lead diphenyl dibromide, but by passing air over the com
pound the ammonia is split off again. 

Lead diphenyl di-iodide.—Lead tetraphenyl in chloroform solution 
is treated with a solution of iodine in the same solvent, until a pernianent 
colour of iodine remains. The solution on evaporation gives golden 
yellow needles of the iodide. The same result is obtained by the action 
of potassium iodide on lead diphenyl dinitrate. The compound melts at 
101° to 103° C , and is easily soluble in chloroform, alcohol, or benzene. 
When its alcoholic solution is treated with silver nitrate, silver iodide and 
lead diphenyl dinitrate are formed. 

Lead diphenyl dini t rate , Pb(C6H5)2(N03)?,2H2Q.—When lead 
tetraphenyl is added to a boiling solution of nitric acid (density 1 ••]<), 
two phenyl groups are split off, and on cooling, the nitrate is deposited in 
small, glistening plates. These are purified by crystallisation from water 
containing nitric acid, the pure compound being fairly soluble in hot 
water or alcohol, and exploding on heating, without melting. When a 
hot aqueous solution of the nitrate is treated with ammonia, a white 
precipitate of the basic nitrate is thrown down, Pb(C6H5)2(OI-I)N03. 
This also explodes without melting when heated, and by treating the 
normal nitrate with hot pyridine, and slowly cooling the solution, the 
following complex is deposited, Pb(C6H5)2(N03)2.4C5H5N. 

Lead diphenyl iodate x is a crystalline powder, formed by heating 
together lead tetraphenyl and iodic acid in xylene solution. I t is in
soluble in the usual organic solvents. 

Lead diphenyl oxide may either be obtained by treating lead 
diphenyl halides with ethyl alcoholic potassium hydroxide 2 or b}^ 
adding a boiling solution of sodium hydroxide to a solution of lead 
diphenyl nitrate.3 The oxide is precipitated as a white powder, which 
does not melt, and volatilises without decomposition. I t is; strongly 
basic in character, and is insoluble in the usual organic solvents, also in 
sodium and potassium hydroxide. 

Basic lead diphenyl carbonate, [(C6H5)2Pb.OH]2COa.-~The 
addition of sodium carbonate to a lead diphenyl salt solution causes the 
separation of this carbonate, which is a white, insoluble powder having 
no melting-point. 

Lead diphenyl diformate is deposited in small, colourless needles 
from the solution obtained by boiling lead tetraphenyl and formic acid 
in benzene. I t melts with decomposition above 200° C. If the formic 
acid be replaced by acetic acid, lead diphenyl diacetate crystallises out in 
white crystals, which are easily soluble in cold water or acetic acid. The 
compound thus obtained has the formula, Pb(C6Hs)2(C2H302)2.2H2O, 
the water-free salt melting at 195° C. Using trichloracetic acid ancl xylene 
as a solvent, lead diphenyl trichloracetate4 is obtained, which softens 
at 170° to 175° C. and decomposes rapidly at 210° C. without melting. 
I t has the following constitution, 2C16H10O1Cl6Pb.C2HO2Cl3. The 
following salts have also been obtained : Acid lead diphenyl propionate^ 
melting to a clear liquid at 168° to 169° C, this decomposing at 230° to 
235° C.; lead diphenyl divalerate, white needles, M.pt. 168° to 170° C.; 
lead diphenyl oxalate, a white, crystalline powder, darkening at 280° C. 

1 Goddard, Ashley, and Evans, Trans. Ghem. 8oc, 1922, 121, 978. 
2 Zechmeister and Csabay, Ber., 1927, 60, [B]» 1617. 
8 Polis, Ber., 1887, 20, 716. 
4 Goddard, Ashley, and Evans, foe. cii. 
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and decomposing rapidly at 293° to 295° C.; lead diphenyl di-p-nitro-
benzoate, small, pale yellow needles, darkening and melting at 256° C. 

Lead diphenyl dicyanide 1 is obtained by treating the di-iodide in 
methyl alcohol suspension with silver cyanide. It decomposes at 
21-5° to 255° C. and is converted by dilute nitric and hydrochloric acids 
into the corresponding dinitrate and dichloride. 

Basic lead diphenyl cyanide, Pb(C6H5)2OH.CN.2—If the nitrate 
is treated with a solution of potassium cyanide, this basic cyanide is 
precipitated as a white powder. It is insoluble in water, alcohol, or 
ether, and melts with decomposition. 

Lead diphenyl dithiocyanate.—This salt is readily obtained by 
mixing together aqueous solutions of lead diphenyl acetate and am
monium thiocyanate. It is a white powder, insoluble in water and 
the usual organic solvents, and is decomposed by silver nitrate, silver 
thiocyanate being deposited. The salt decomposes at its melting-
point. 

Lead diphenyl sulphide.—When an aqueous acetic acid solution 
of the above acetate is decomposed with hydrogen sulphide, a white, 
llocculent precipitate of the sulphide is obtained. By extracting this 
with alcohol-benzene, and evaporating off the solvent, small, bright 
yellow crystals are deposited. I t is essential that the reaction should be 
carried out in the cold, since the sulphide is decomposed by heat. The 
compound becomes brown when heated from 80° to 90° C, and at higher 
temperatures diphenyl is driven off, and pure lead sulphide remains. 
The salt is easily soluble in benzene, chloroform, or carbon bisulphide, 
but with difficulty in alcohol or ether. 

Lead diphenyl chromate separates as a bright yellow, crystalline 
precipitate, when potassium dichromate is added to lead diphenyl 
dinitrate. It is insoluble in water or alcohol. 

Lead diphenyl phosphate is isolated in the same way as the 
chromate, using sodium phosphate. It is a white, crystalline powder, 
which does not melt, and is insoluble in the usual organic solvents. 

Lead di-p-tolyl dichloride.3—This is a white powder, prepared 
as the foregoing phenyl compound. It is moderately soluble in chloro
form, carbon tetrachloride, or benzene; insoluble in alcohol or ether; 
by the action of alcoholic silver nitrate the chlorine may be re
moved. Lead di-p-tolyl dibromide is formed by the action of bromine 
on the tetra-tolyl compound. It decomposes on melting, and has a 
similar solubility to the chloride. The di-iodide is a yellow compound, 
readily soluble in carbon bisulphide. 

Lead di-p-tolyl dinitrate crystallises in fine white needles, having 
3 mols. of water of crystallisation. It is soluble in water, with difficulty 
in alcohol, and explodes on heating. When boiled with water, or when 
its nitric acid solution is precipitated with ammonia, a basic nitrate is 
obtained, Pb(C7H7)a(OH)N03. This is a white, amorphous powder 
which does not melt, and feebly explodes on heating. 

Lead di-p-tolyl diformate, formed by the action of formic acid 
on lead tetra-p-tolyl, crystallises from aqueous formic acid in shining, 
white needles, which decompose and blacken at 233° C, The diacetate, 
Pb(C7H7)2(C2H302)2.2H20? which crystallises in fine needles, is not as 

1 Zechmeister and Csabay, Bet., 1927, 6o, [B], 1617. 
2 Polia, Ber.f 1887, 20, 716. 
3 Polls, ibid., 1888, 21, 3424. 
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soluble as the corresponding phenyl compound, and the water free of 
salt melts without decomposition at 183-5° C. 

Lead d i -p - to ly l sulphide.—-When hydrogen sulphide is passed 
into a solution of the above diacetate, the sulphide is deposited as a 
pale yellow precipitate. I t is washed with hydrogen sulphide water, 
dried in vacuo, and recrystallised from alcohol-benzene. When heated 
to 90° C. it turns brown, at 98° C. it blackens, and at higher temperatures 
gives di-p-tolyl and lead sulphide. I t is decomposed by light, and is very 
soluble in benzene, carbon bisulphide, or chloroform, with difficulty in 
alcohol or ether. 

Lead d i -p- to ly l c h r o m a t e is precipitated as a yellow powder 
when potassium dichromate reacts with lead di-p-tolyl diacetate. 

Lead d i -p-xyly l d ibromide x is obtained by the bromination of 
lead tri-p-xylyl in chloroform solution at —10° C. I t crystallises from 
chloroform in colourless, glistening rods which are difficultly soluble 
in ether, and insoluble in alcohol. I t melts about 120° C, decomposing 
with the separation of lead bromide. 

Lead dicyclohexyl d ichlor ide 2 is isolated (a) by passing hydro
chloric acid gas into a suspension of lead tetracyclohexyl in chloroform, 
or (b) by treating the latter chloroform suspension at 0° C. with the 
calculated quantity of chlorine in carbon tetrachloride. I t forms pale 
yellow needles, which become reddish brown at 150° C. and decompose 
with the deposition of lead at 180° C. 

The corresponding dibromide is prepared (a) by the bromination of 
the tetracyclohexyl compound, or (b) by passing hydrobromic acid gas 
into a benzene solution of the tetra-compound. I t is isolated in pale 
yellow needles, which become orange at 100° C, almost white at 160° C , 
" and deposit lead suddenly at 225° C.3 The di-iodide forms orange needles, 
which decompose at 100° C. and are readily soluble in hot benzene, with 
difficulty in hot alcohol. I t may also be prepared by treating lead 
tricyclohexyl iodide with a solution of iodine in benzene.4 

Lead dicyclohexyl sulphide.5—(1) When hydrogen sulphide is 
passed into a pyridine solution of the chloride or bromide (not the iodide), 
addition of alcohol precipitates the sulphide. (2) By passing hydrogen 
sulphide into a pyridine solution of lead tetracyclohexyl, kept at —10° C , 
the sulphide is also precipitated. The compound is washed with ice-cold 
alcohol and dried in vacuo over phosphorus pentoxide. I t is a pale 
yellow powder which crystallises from dilute pyridine in microscopic 
plates, these blackening without melting slightly above 100° C. 

The action of nitric acid on lead tetracyclohexyl does not lead to the 
production of the corresponding nitrate, but gives lead nitrate. Silver 
nitrate on lead dicyclohexyl dihalides yields silver halide, and a reddish-
brown precipitate which contains silver, and is probably a silver deriv
ative of cyclohexane. 

Aryl Derivatives of the Types R 2 Pb. and K3Pb. 

Lead diphenyl.6—The preparation is carried out in a wide-necked, 
round-bottomed Jena flask, fitted with a stopper containing five holes, 

1 Krause and ScJfctmitz, Ber., 1919, 52, [B], 2165. 
2 Griittner, Ber., 1914, 48, 3257. 
3 Krauae gives the decomposition point about 142° C. 
4 Krause, Ber., 1921, 54, [B], 2065. e Griittner, loc. tit. 
6 Krause and Reissaus, Ber., 1922, [B], 55, 888. 
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used as follows: (1) For carrying stirrer. (2).For introducing lead 
chloride and magnesium compound. (3) For passing in nitrogen. (4) For 
thermometer. (5) For condenser. 

Into this apparatus the magnesium compound from 50 grams of 
bromobenzene in 400 c.c. of ether is introduced, and the whole cooled 
in ice. With vigorous stirring and in a nitrogen atmosphere, 44 grams 
of lead chloride are added during three-quarters of an hour, in portions 
of not more than 0-3 gram, the temperature being maintained at +2° C. 
The ethereal solution becomes reddish brown, and the stirring is main
tained for two hours, the temperature being kept at 0° C. The mass is 
then decomposed by small pieces of ice, and shaken with benzene in a 
funnel filled with nitrogen. The benzene solution is evaporated under 
reduced pressure in a nitrogen atmosphere to about 50 c.c. Any lead 
triphenyl which may have been formed crystallises out a t this stage 
and is filtered off. When the blue-red filtrate is added dropwise to 
alcohol, the lead diphenyl separates out, is dissolved many times in 
a little benzene and fractionally precipitated by alcohol. Yield 2 
to 3 grams. 

The compound in the dry state is an intense bluish-red, amorphous 
powder, fairly soluble in benzene or ether, insoluble in alcohol. I ts 
benzene solution reduces alcoholic silver nitrate, giving a deep black 
precipitate of silver. I t decomposes a t about 100° C., becoming colour
less ; changes to pale yellow at 120° C , melts above 200° C , bu t does 
not blacken at 260° C. 

A better yield is obtained if the reaction be carried out in benzene 
instead of ether solution. 

When a benzene solution of lead diphenyl is treated with an ethereal 
solution of magnesium phenyl bromide and boiled for a few minutes, 
black metallic lead separates out. The mass is decomposed with water, 
the solvent layer evaporated, and the residue when treated with benzene 
gives a good yield of lead triphenyl. 

Lead d i -p - to ly l is prepared in a similar way to the phenyl com
pound, 30 grams of p-bromotoluene give 2 grams of product. I t has 
the same properties and reactions as the phenyl derivative. 

Lead t r i pheny l .-—The apparatus used for this and the following 
experiments is the same as for lead diphenyl. To the magnesium com
pound from 50 grams of bromobenzene in 250 c.c. of ether, 40 grams of 
lead chloride, in half-gram quantities, are slowly added. The reaction 
is carried out in nitrogen and the mixture vigorously stirred. The 
ethereal solution changes through brownish red to yellow, and after the 
addition of the lead chloride the stirring is maintained for three hours. 
The mass is decomposed by small pieces of ice, the ether removed under 
reduced pressure, and the residue filtered and washed with water and 
three times with alcohol, then dried at the ordinary temperature in vacuo 
over phosphorus pentoxide. The dry product is extracted with hot 
benzene, from which glistening rhomboidal crystals separate, containing 
1 mol. of benzene of crystallisation. I t crystallises from chloroform in 
plates. Yield 17*5 grams, 40 per cent. I t commences to decompose at 
155° C. and melts at 225° C. I t may be converted to lead tetraphenyl 
(1) by heating alone, (2) by heating its benzene solution on a boiling 
water-bath, (3) by heating the pyridine solution at 60° to 65° C. I ts 
solution in benzene is converted by an aqueous alcoholic solution of 
iodine into lead triphenyl iodide, but with a dilute solution of iodine in 
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benzene, lead diplienyl di-iodide and lead iodide are formed, the former 
only in small quantity. 

Lead tri-o-tolyl crystallises from benzene or chloroform in micro
scopic rhombic crystals, from which lead separates at 240° C, and at 
250° C. a black liquid is obtained. It slowly decomposes alcoholic silver 
nitrate solutions when warmed, but has no action in the cold. 

Lead tri-p-tolyl is formed by the same method as the phenyl com
pound. It crystallises from benzene, on the addition of alcohol in 
six-sided plates, from chloroform in rhombohedra, containing chloroform 
of crystallisation, these being efflorescent in the air. I t commences to 
decompose at 193° C. and melts at 240° C. A cooled benzene solution 
gives a greenish precipitate with alcoholic silver nitrate, which quickly 
blackens as the temperature rises, but if a very low temperature is 
maintained the green colour remains. When heated alone or boiled 
in benzene solution it yields lead tetra-p-tolyl. In contrast to lead tri-
p-xylyl and lead tricyclohexyl, it is converted by bromine in freezing 
pyridine into lead bromide and lead tetra-p-tolyl, which points to the 
possible existence in pyridine solution of the equilibrium : 

2Pb(C7H7)8^=?Pb(C7H7)4+Pb(C7H7) a 

When the benzene solution is treated with aqueous alcoholic iodine solu
tion, lead tri-p-tolyl iodide is formed. 

Lead tri-m-xylyl.1—To a solution of 20-55 grams of p-bromo-
xylene and 3-12 grams of magnesium in 100 c.c. of ether, 11-6 grams of 
lead chloride are added in small quantities, and the mixture boiled for 
five hours. Metallic lead soon commences to separate out and the 
colour of the solution changes from brownish red to green. The mixture 
is decomposed with water, filtered, and the dry residue extracted with 
benzene. Evaporation of the solvent gives 2-5 grams of a very pale 
yellow, crystalline powder. After crystallising from acetone, then three 
times from benzene, it melts sharply at 233-5° C. with the separation of 
metallic lead. I t is soluble in chloroform or toluene, slightly soluble in 
acetone, light petroleum, or pyridine. Its solutions precipitate silver 
oxide from alcoholic silver nitrate. When its benzene solution is treated 
with thallic chloride it yields thallous chloride and lead di-m-xylyl 
dichloride. 

Lead tri-p-xylyl2 sinters at 220° C, and melts with decom
position at 225° C. I t is easily soluble in hot benzene or chloroform, 
sparingly in cold benzene or ether, and insoluble in methyl or ethyl 
alcohol. Its benzene solutions when exposed to air are unchanged, but 
in sunlight quickly deposit a white precipitate. In the dry state the 
compound is stable in air. Bromination at —40° C. produces lead 
tri-p-xylyl bromide, but at —10° C. lead di»p-xylyl dibromide is formed. 

Lead tricyclohexyl3 crystallises in bright yellow, thin, hexagonal 
plates, decomposing at 195° C. I t is readily affected by light, the 
solid substance quickly becoming brown, and the benzene solution 
yielding a white precipitate in diffused light or a brown precipitate in 
direct sunlight. The benzene solution is not stable in the dark, and it 
reduces alcoholic silver nitrate in the usual way. When boiled with 
ammonium sulphide, lead sulphide is formed. A solution of iodine in 

1 G-oddard, Trans. Ohem. 8oc, 1923, 123, 1171. 
2 Krause and Schmitz, JBer., 1910, 52, [B], 2167; ICrause and Beissaus, he. cit. 
3 Krause, Ber., 1921, 54, [B], 2060. 
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benzene when added to a benzene solution of lead tricyclohexyl yields 
lead tricyclohexyl iodide. 

Aryl Derivatives of the Types Ar aAlkPbX; Ar2Ar'PbX. 

Lead diphenyl me thy l b r o m i d e x is obtained by the bromination 
of lead triphenyl methyl, as an oily product, which is pressed on a porous 
plate and recrystallised from benzene-alcohol. I t forms glistening 
needles, M.pt. 118° C , decomposing with frothing at 124° C. 

Lead diphenyl ethyl b r o m i d e forms colourless, glistening, pris
matic needles, M.pt. 119° C , decomposing with gas evolution at 130° to 
135° C. I t is very easily soluble in benzene or chloroform, readily in 
ether, sparingly in cold alcohol. 

Lead diphenyl p-xylyl b r o m i d e is prepared by brominating lead 
diphenyl di-p-xylyl, and the crude product is best recrystallised from 
about 80 per cent, alcohol. I t crystallises in bushy groups of plates, 
M.pt. 90° C., decomposing at 200° C. With phenyl magnesium bromide 
it yields lead triphenyl p-xylyl. 

Lead diphenyl cyclohexyl b r o m i d e occurs as fine groups of 
prismatic needles, M.pt. 135° C , decomposing at 160° C. Phenyl mag
nesium bromide converts it to lead triphenyl cyclohexyl. 

An/1 Derivatives of the Types ArsPbAlk ; Ar„Ar'PbAlk ; 
Ar.ArTbAlkX.2 

Lead t r ipheny l methy l is prepared from lead triphenyl bromide 
and an excess of methyl magnesium halide. I t crystallises from benzene 
in rhomboidal crystals, M.pt. 60° C , becoming turbid a t 220° C. and 
decomposing at 200° C. In benzene or chloroform it is very soluble, 
less soluble in ether, sparingly in cold 94 per cent, alcohol. Alcoholic 
silver nitrate from an alcohol solution of the lead compound precipitates 
yellow silver phenyl-silver nitrate. 

Lead t r ipheny l ethyl,3 obtained as above, is a solid, M.pt. 42° C , 
giving a colourless, highly refractive liquid ; density 1-5885 at 61° C.; 
nHa 1-62628 at 61° C.; SRH« 22-29. 

Lead diphenyl cyclohexyl me thy l is isolated from pure lead 
diphenyl cyclohexyl bromide and an excess of methyl magnesium 
bromide. I t is a liquid at ordinary temperatures, miscible with most 
organic solvents and aqueous alcohol. When brominated it is con
verted into lead phenyl cyclohexyl methyl bromide. 

Lead phenyl cyclohexyl methy l b r o m i d e , obtained as just 
described, is susceptible to light and temperature. I t may be crystal
lised from benzene, provided the temperature is kept below 70° C , 
small, star-shaped groups of prisms being deposited, which melt with 
complete decomposition a t 93° to 94° C. 

Heterocyclic Systems containing Lead.4' 

By the action of lead diethyl chloride on the magnesium compound 

* Krause and Schlottig, Ber.t 1925, 58, [B], 427. 
2 Krause and Schlottig, ibid. 
3 Krause and Schmitz, Ber., 1919, 52, [B], 2150. 
* Griittner and Krause, Ber., 1916, 49, 2666. 
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of 1 :5-dibromopentane, lead diethyl eyclopentamethylene is ob
tained : 

xi/ix yCHo Cri2\ 
>Pb< " >CHo 

EK X CH 2 C H / 

Like the tin compound, this substance is analogous to the cyolohexanes 
in which a carbon atom is replaced by quadrivalent lead. Molecular 
weight determinations point to the simple formula, C9H20Pb. I t has 
previously been shown that halogens split off alkyl groups from lead 
tetra-alkyls, when the reaction is carried out in dilute solution at —75° C. 
In the case of lead diethylcyclopentamethylene two possibilities occur, 
either a splitting off of the ethyl group and the formation of lead 
ethyleyclopentamethylene monohalide, or the partial scission of the 
ring with the formation of lead diethyl-5-halogen-amyl halide, 

E t x /Br 
>Pb<( 

BV XH2.(CH2)3.CPI2Br 

I t is found by experiment that the reaction takes the latter course, and 
that the yields are quantitative. The characteristic is emphasised, that 
when we have a smooth addition of halogen, the splitting off of halogen 
hydrocarbons takes place, which is always noticed in the halogenisation 
of lead alkyls. In the preceding compound the carbon-bound halogen 
atom may be directly precipitated by silver nitrate, whilst the lead-bound 
halogen is not. By the action of magnesium ethyl bromide lead tri-
ethyl-5-halogen amyl is obtained : 

Etv / E t 
\ P b < 

E t / \CH2.(CH2)3.CHaBr 

Its halogen is not directly precipitated by silver nitrate, but with 
magnesium powder in ethereal solution it forms the magnesium com
pound in 60 per cent, yield. 

By the action of chlorine on lead diethylcyclopentamethylene, lead 
diethyl-5-chloroamyl chloride is formed, and this by the action of 
chlorine at low temperatures has two ethyl groups replaced by chlorine, 
whilst the substituted amyl group remains attached to the lead atom. 
This is in accordance with the observed fact that the halogen always 
splits off the lightest group first. The compound thus obtained, lead 
ethyl-5-chloroamyl dichloride, has two chlorine atoms precipitable by 
silver nitrate and not one. By the energetic action of chlorine on lead 
diethylcyclopentamethylene, lead halide, ethyl halide, and dihalogen 
pentane are obtained, showing that the pentamethylene ring has re
mained intact. The lead compound in some respects resembles the lead 
tetra-alkyls. 

Lead diethylcyclopentamethylene, Et2Pb<(CII3)5.—To the mag
nesium compound from 100 grams of 1 : 5-dibromopentane (or 65 grams 
of 1 : 5-dichloropentane) in 500 c.c. of ether, 50 grams of lead diethyl 
dichloride are added in small portions, the whole being maintained 
at 0° C, vigorously stirred, and a stream of nitrogen passed through. 
After the addition the mass is warmed on the water-bath for fifteen 
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minutes, decomposed with water, the ether layer removed, washed, 
dried, and the solvent distilled off. A colourless oil remains, and this is 
fractionated in a stream of hydrogen under reduced pressure. The 
fraction, 100° to 130° C. at 13 mm., is worked down to 109° to 114° C. at 
13 mm., and this yields 40 grams of pure product, B.pt. 111° C. at 13 mm. 
I t is a thin, colourless oil, having an odour resembling ketones. I t is in
soluble in water, sparingly soluble in 96 per cent, alcohol, but miscible 
with absolute alcohol and most organic solvents. Neutral silver nitrate 
is reduced in the cold, and when placed on iilter paper it inflames and 
burns briskly, giving fumes of lead oxide. With exclusion of air it may 
be kept for a month, but in contact with air it is slowly oxidised, giving 
a brown resin. 

Lead diethyl-5-bromoamyl b romide , 

/ (CH,) 6 .Br 
Et2Pb< 

\ B r 

The above compound is brominated at —75° C. in ethereal solution, and 
the product fractionated after drying. I t is a thick, colourless oil. 

Lead t r ie thyl~5~bromoamyl , Et3Pb(CH2)5Br.—The preceding 
bromide is shaken with magnesium ethyl bromide and boiled for five 
minutes. Treatment in the usual manner gives an oil, B.pt. 166-8° C. 
at 13 mm. Yield quantitative. I t is a colourless, thin oil, having an 
odour resembling the lead alkyls, and is completely stable in air. Treat
ment with magnesium powder yields lead triethyl n-amyl, a compound 
which may also be obtained from magnesium n-amyl bromide and lead 
triethyl bromide. Lead triethyl n-amyl is a colourless oil of faint, un
pleasant smell, B.pt. 121° C. at 15 mm. 

Lead ethyl-5-chloroamyl dichloride, 

/(CH2)5CI 
Et .Pb< 

X C1 3 

Lead diethylcyelopentamethylene is chlorinated at —75° C. in ethyl 
acetate solution. A crystalline powder is obtained which is washed 
with ether and recrystallised from a little alcohol. I t crystallises in 
shining needles, insoluble in ether. 

1 : 5-Bis-trimethylplumbyl-n-pentane, Me3Pb.(CH2)5.PbMe3. 
—The magnesium compound from 1 :5-dichloropentane is caused to 
react with lead trimethyl bromide in ethereal solution, the reaction being 
completed by an hour's warming on the water-bath. The excess of lead 
trimethyl bromide is removed by shaking the mass with 20 per cent. 
potassium hydroxide and dilute sulphuric acid. The ethereal solution 
is then evaporated and the residual oil fractionated under reduced 
pressure. The pure product is a colourless oil. B.pt. 166-5° C. at 
14 mm. 

Table XXIV. of the Appendix shows the physical constants of the 
above compounds. 

VOL. XI. : i. 23 
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TABLE I.—PHYSICAL CONSTANTS OF ZINC DIALKYLS. 

. Compound. 

Zinc diethyl . 

Zinc ethyl n-propyl 

Zinc di-n-propyl . 

Zinc ethyl isobutyl 

Zinc n-propyl iso
butyl 3 

Zinc di-isobutyl 

Zinc Isopropyl iso
amyl 

Zinc di-isoamyl 

Boiling-
point, 

16 

27 

48 

48 

52 

55 

84 

102 

At 
mm, 

9-5 

10 

10 

11 

9 

10 

11 

10 

Density 
D 4 (vac). 

8-0 

18-5 

20-2 

16-6 

17-0 

16-5 

18-1 

19-0 

1-246* 

1-1558 

1-1034 

1-0861 

1-0465 

1-0080 

1-0058 

0-9939 

i 

i 
! 
i 

,t Density 
* ' D4*(vac.).j 

8 

17 

18-6 

16-6 

15*9 

16-0 

16-0 

17*0 

i 

1-245 

1-1572 

1-1049 

1-0861 

1-0475 

1-0085 

1-0078 

0-9958 

nH * 
a 

1-4938* 

1-48511 

1-48030 

1-47142 

1-46601 

1-45698 

1*46601 

1*46690 

nD*. 

. . 

1*48913 

1*48452 

1-47507 

1*46966 

1-46034 

1-46937 

1-47045 

nH f l*-nH «. 

0-02052 

0-01416 

0*01399 

0-01327 

0-01269 

001183 

0-01162 

0*01141 

Molecular Refraction. 

H a . 

28-S472 

34-054 

38-967 

39-013 

43-759 

48-474 

53*187 

57*826 

D. 

, . 

34-293 

39-259 

39-272 

44-053 

48-782 

53-517 

58-203 

H . - H . 
P a 

1-0102 

0-843 

0-965 

0*937 

1-020 

1-080 

1-135 

1-209 

Atomic Kefraction of 
Zinc. 

; 

H„-

8-2712 

8-S80 

9-196 

9-242 

9-391 

9-508 

9-623 

9-663 

D. 

, . 

9-004 

9-352 

9-365 

9-529 

9-640 

9*757 

9-825 

p a 

0-6832 

0*445 

0-497 

0*469 

0*480 

0-471 

0-455 

0-460 

I ^ t empera tu re a t which the refractions were measured, and the nest column gives the recalculated densities for this temperature. 
* v&hua after Gladstone, Tram. GUm. Soc, 1896, 59, 293, 296; the values for the molecular refraction, ete., were calculated from the Lorentz. 

Lorenz formula. 
8 For zinc n-propyl isobutyl the values for nH 7 were also made, nH-,15'^ 1-48628, MRnY 45-386, A R H T 10-169. 



TABLE II.—PHYSICAL CONSTANTS OF CADMIUM DIALKYLS. 

Compound. 

Cadmium dimethyl 

Cadmium diethyl . 

Cadmium di - n -
propyl 

Cadmium di - n -
butyl 

Cadmium di-iso-
butyl 

Cadmium di-iso
amyl 

M.pt. 
°0 . 

—4-5 

— 21 

— 83 

— 48 

— 87 

—115 

B.pt. 
°C. 

105-5/758 mm, 

64/19-5 „ 

84/21 s, 

103-5/12-5 „ 

90-5/20 

121-5/15 

Density 
(vacuum). 

D 4
1 7 ' 9 1-9846 

D ^ * 1 1 - 6 5 6 4 

D t
1 7* 6 1-4201 

D4
19*5 1*3056 

D 4
1 8 1-2693 

D 4
1 9 1-2210 

n V 

1-57766 

1-56152 

1-52412 

1-51100 

1-49528 

1-49967 

l l D . 

1-58488 

1-56798 

1-52906 

1-51546 

1-49966 

1-50389 

n V 

1-60381 

1-58447 

1-54267 

1-52762 

1-51160 

1-51470 

nH„. 

c 0 
1-62053 a t 17-9 

1-59887 „ 18-1 

1-55452 „ 17*6 

1-53793 „ 19-5 

1-52173 „ 18-0 

1-52412 „ 19*0 

Molecular 
Weight. 

Found. 

146 

210 

208 

235 

250 

(Calc), 

142 

170 

199 

227 

227 

4 1 
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TABLE III.—ATOMIC REFRACTION AND DISPERSION OF CADMIUM DIALKYLS. 

Compound. 

Cadmium dimethyl . 

Cadmium diethyl 

Cadmium di-n-propyl 

Cadmium di-n-butyl 

Cadmium di-isoamyl 

Cadmium di-isobutyl 

Z-EHa. 

16-70 

19-57 

21-55 

22-95 

22-99 

24-07 

£RD. 

16-88 

19-75 

21-72 

23-11 

23-16 

24-25 

£ A _ a . 

1-01 

1-06 

0-94 

1-01 

1-03 

0*99 

27A0_«. 

0-62 

0-66 

0-64 

0-63 

0-64 

0-61 

MRHa. 

23-78 

33-36 

42-78 

51-97 

52-08 

61-27 

MRD. 

24-04 

33-68 

43-12 

52-35 

52-46 

61-71 

MA-,_a. 

1-44 

1-81 

2-06 

2-28 

2-33 

2-52 

MA^_a. 

0-89 

1-12 

1-26 

1*41 

1-44 

1-55 

ABn . 

12-40 

12-78 

13-00 

1 3 0 1 

13-10 

13-11 

ARD. 

12-61 

13-00 

13-21 

13-21 

13*32 

13-33 

AA7-a» 

1-15 

1-30 

1-32 

1-32 

1-37 

1-33 

AAjS-a. 

0-70 

0-79 

0-80 

0-81 

0-84 

0-80 

The deduced atomic refraction and dispersion of cadmium is as follows :— 

ARH a=13-06; A R D = 1 3 - 2 7 ; A A y - a = l - 8 4 ; AA/j-a=0-81. 

Looking at the periodic system, cadmium has a high atomic refraction, mercury in mercury diethyl having the value 
ARHa

:=12*815 and zinc in zinc diethyl ARna=8-29. The figures agree, however, with the higher boiling-point values. 

R 

C3 

CD 
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TABLE IV.—INTERACTION OF THALLIC CHLORIDE 
WITH ORGANOMETALLIC COMPOUNDS. 

Oo?npounds Beading with 
(Phallic Chloride. 

Mercury di-n-propyl 
Mercury di-isoamyl. 
Tin tetraethyl 
Tin dimethyl diethyl 

Tin triethyl chloride 
Tin triethyl iodide . 

Lead tetraethyl 
Lead triethyl methyl 
Lead triethyl chloride 
Mercury diphenyl . 
Mercury dibenzyl . 
Mercury ethyl benzyl 

Tin tetraphenyl 

Lead tetraphenyl . 
Lead tri-m-xylyl 
Lead diethyl diphenyl 
Lead diphenyl di-cc-naph 

thyl . 
Triphenylphosphine 

Triphenylarsine 

Tri~m-, tri-p-xylylarsine 
Triphenylstibine 
Tri-m-xylylstibine . 
Triphenylbismuthine 
Tri-p-tolyl-,tri-a-naphthyl 

bismuthine 

Products of Reaction. 

n-Propylmercuric chloride, thallous chloride. 
Isoamylmercuric chloride, thallous chloride. 
Thallium diethyl chloride, tin diethyl diehloride. 
Thallium diethyl chloride, tin dimethyl diehloride, thall

ous chloride. 
Tin diethyl diehloride, thallous chloride, ethyl chloride. 
Tin diethyl diehloride, thallium, iodine, iodine mono-

chloride. 
Lead diethyl diehloride, thallous chloride, butane. 
Lead triethyl chloride, thallous chloride, methyl chloride 
Lead diethyl diehloride, thallous chloride, ethyl chloride. 
Thallium diphenyl chloride, mercuric chloride. 
Benzylmercuric cliloride, thallous chloride. 
Ethylniercuric chloride, benzylmercuric chloride, thallouH 

chloride. 
Thallium diphenyl cliloride, tin triphenyl chloride, tin 

diphenyl hydroxyehloride, hydrochloric acid. 
Thallium diphenyl chloride, lead diphenyl diehloride. 
Lead di-m-xylyl diehloride, thallous chloride. 
Thallium diphenyl chloride, lead diethyl diehloride. 
Thallium di-a-naphthyl chloride, lead diphenyl diehloride. 

Triphenylphosphine, thallous chloride, chlorine. 
(a) In the cold. Thallous chlorides phenylarseniouH 

diehloride. 
(6) Hot. Triphenylarsine diehloride, thallium diphenyl 

. chloride, thallous chloride. 
ThaEou3chIorjde,m-xylylandp-xyiylaraeniou8diehlt»ridcK. 
Triphenylstibine diehloride, thallous chloride. 
Tri-m-xylylstibine diehloride, thallous chloride. 
Thallium diphenyl chloride, diphenylchlorobismuthmo. 
Thallium di-p-tolyl chloride, dx-p-tolylchlarobismuthirxe ; 

thallium di-a-naphthyl chloride, di-a-naphthylehloro-
hismuthine. 



TABLE V.—SHOWING GRADUATION IN MELTING- AND BOILING-POINTS 
OF COMPOUNDS FROM GROUP IV. 

SiMe4, 
B.pt. 121° to 126° C. 

SiEt^ 
B.pt. 161° to 154° C. 

SiPV 
M.pt. 233° to 234° 0. 

PhsSiBi, 
M.pt. 118° to 120° C. 

PhaSida, 
B.pt. 230° to 237° 0./90 mm. 

Ph3Si.SiPh3, 
M.pt 354° 0. 

Me2Si<(CH2)6, 
B.pt. 133° to 134° C./752-9 mm. 

H0(£iPh2.O)3SiPli2.OH, 
M.pt. 128-5° a 

n < r S i P h 2 . 0 , S i P l i 2 ^ n 
u ^SlPh 2 .0 ,SLPh 2 - > u > 

M.pt 201° G. 

Me.SiOOH, 
]$o M.pt. 

{Ph3Si)20, 
M.pt. 222° C. 

• * 

GeMe4s 

B.pt 43*4° C. 

GeEt4, 
B.pt. 163-5° C. 

GePh4, 
M.pt. 226° (230° to 231° C). 

PlisGeBr, 
M.pt. 138° G. 

• • 

Ph3Ge.GePh3, 
3T.pt. 340° C. 

•* 

H0{GePh2.0)3GePh3,0H, 
Slpt. 149° C. 

n ^ G e P h 2 . O . G e P l i 2 ^ n 
u < -GePh 2 . 0 . G e P h ^ 0 > 

M.pt. 218° C. 

•• 

(Pii3Ge)A 
M.pt. 182° to 183° C. 

< * 

SnMe4, 
B.pt. 76° to 77° C. 

SnEt4, 
B.pt. 175° C. 

SnPh4, 
M.pt. 224° to 225° C. 

Ph3SnBr, 
M.pt 120-5° C. 

Ph2SnCl2, 
M.pt 42° 0. 

Ph3Sn.SnPh3, 
M.pt 237° C. 

Et2Sn<(CH2)6) 

B.pt. 95° C./14 mm. 

•-

• • 

Me.SnOOH, 
^ o M.pt. 

•* 

Ph3Sn, 
M.pt. 229° to 232° C. 

PbMe4, 
B.pt. 110° C. 

PbEt4 , 
B .p t 91° to 92° G./19 mm. 

PbPh4, 
M.pt 224° to 225° C. 

J?h3PbBr, 
M.pt 166° C. 

Ph2Pb012, 
Decomp,; no M.pt. 

•• 

Et2Pb<(CH2)5 , 
B.pt 111° C./lomm, 

•• 

•• 

•• 

•• 

Pb3Pb, 
M.pt. 225° C. 

3T.pt
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TABLE VL—REFRACTIVITIES OF SOME SILICON 
COMPOUNDS OF THE TYPE Alk3Si.Ar. 

Substance. 

(C2H5)3SiC6H4Cl . 

(C2H5)3SiC6H4Br . 

(C2H5)3SiC6H4I . 

(n-C3H7)3SiC6H4Cl 

M v 

68-35 

71-79 

78-30 

82-65 

DM. 

68-82 

72-30 

78-91 

83-19 

M ^ ~ M V 

1*628 

1*780 

2-1*0 

1*897 

M ^ - M H , . 

2-628 

2*878 

3-438 

3-026 

By subtracting from these values the atomic equivalents of carbon, 
hydrogen, and halogen, the atomic refraction of the silicon in the 
compounds is as follows :— 

Substance. 

(C2H5)3SiCeH5 . 

(C2H5)3SiC6H4Cl . 

(C2H5)3SiC6H4Br . 

(C2H6)3SiC6H4I . 

(n-C3H7)3SiCcH4Cl 

S i v 

7-52 

7-60 

8*22 

9-78 

8-15 

SiD. 

7-59 

7-74 

8-32 

9-89 

8-26 

Siu ĵ -ira. 

0*31 

0-423 

0-439 

0-537 

0-431 

Si«v % 

0-53 

0-685 

0-702 

0-949 

0-096 

[See Bygd£n, Ber., 19X5, 90, 243.] 

* 



TABLE VIA.—PHYSICAL CONSTANTS OF SOME ORGANOSILICON COMPOUNDS. 

No. | Compounds. 

1 { p-Br.C6H4.Si(OCHs)3 . 
2 p-Br.GfiH4.Si(0C2H5)s . 
3 p-Br.CeH4.Si(0CyBy8 . 
4 p-Br.CfiH^SiCO-i-AH*^ • 
5 (CsH5)8Si.CeH4.CH(OH).CH:3 , 
6 (C2H6)3Si.GsH4.GH(0H).CH2.CH3 . 
7 (C8H6)8Si.GflH4.CH(OH).CH2.CH2.CH3 
8 <C2H6)3Si.CBH4.CH(OH).CH(CH3)2 . 
9 (CaH^SiOH 

10 p-{C2HB)3Si.C6H4. SiCla . 
11 (C3H6)3SiCflH4.Si(CaH6)3 
12 {C2Hfi)sSiBr . 
13 CsH6.p-C8H4.Br.SiCl2 . 
14 G6H5.p-G6H4Br.Si(OC2H5)2 
15 [C6H5.p-CeH4Br.Si(OC2H5)J20 
16 C6H5.p-C6H4Br.Si(C2H5)2 
17 CaH5(C6H4.C2H5)Si{C2H5)2 
18 (C2HB)3Si,C6H4.GsHs 

Boiling-point. 

136c G./13-5 mm. 
149-150° C./12 mm. 
175-176° C./14 mm. 
190-191° C./14 mm. 

173-174° C./14-5 mm. 
185° C/16-5 mm, 

199-201° C./21 mm. 
190-192° C./18 mm. 
70-5° C/16-5 mm. 

173-176° C./13-5 mm. 
195-196° C/16-5 mm. 

66-5° C./24 mm. 
199-200° C./14 mm. 

201° C./17 mm. 
317-318° C./20 mm. 

203-203-5° C./13-5 mm. 
169-170° C./14 mm. 
117-118° C./18 mm. 

Bensity. 

D4
14 

D4i7.5 
D19-7 

1-3525; 
1-2276 ; 
1-5464; 
1-0949; 
0-9601 ; 
0-9603; 
0-9546; 
0-9535; 
0-8650; 

B4is 
B 4 " 
B422 
B 4 " 
B 4 " 
B / 8 

B4*° 
B42<> 
B4so 
B4so 
B420 

B42o 
B/o 
B4 2 * 

1*3493 
1-2244 
1-1553 
1-0923 
0-9596 
0-9575 
0*9491 
0-9512 
0-8647 

B41'*6 0-8989; 

5 1-5019; 
5 1-2474; 

1-3350; 
7 1*2156; 
0 0-9840; 
2 0-8969; 

B42« 0. 
B42° 1 
r>4201' 

B42« 1-
B / o h 
B42o 0 
B42o 0' 

8967 
1766 
5005 
2488 
3369 
2153 
9831 
8950 

nna. 

1-50791 
1*48872 
1-48144 
1-47531 
1-51404 
1-51243 
1-50373 
1-50820 
1-43393 

1-50555 
1-46402 
1-60294 
1-54525 
1-57867 
1-57794 
1-55716 
1-50272 

no. 

1-51210 
1-49247 
1-48497 
1-47865 
1*51822 
1-51661 
1-50754 
1-51212 
1-43639 

1-50942 
1-46705 
1-60921 
1-55031 
1-58437 
1-58351 
1-56225 
1-50671 

nu0. 

1-52296 
1-50206 
1-49386 
1-48698 
1-52885 
1-52734 
1-51737 
1*52231 
1-44228 

1-51945 
1-47447 
1-62531 
1-56322 
1-59895 
1*59781 
1*57559 
1-51697 

n V 

,, 
1-50129 
1-49424 
1-53810 

., 

.. 

.. 
1*44675 

1-52788 
1-4S074 
1*63953 
1-57467 
1-61146 
1-61035 
1-58713 
1-52583 

°C. 

16-5 
15-4 
16-6 
14-9 
17-2 
18-0 
.. 
19-2 
16-5 

15-7 
15-7 
19*0 
19-0 
18-6 
17-9 
16-8 
20-7 

Compounds 1-4 are of the type C6H4Br.Si{OIi)3) and are obtained by the interaction of p-bromophenyl silicon trichloride and alcohols. Nos. 
5-8 are prepared by treating the magnesium compound from p-bromophenyltriethylsilicane with acetaldehyde and higher aldehydes, and are of the 
type Si(C2H5)8.C6H^.CHK..OH. Compound 9 occurs in good yield when compound 5 is heated with fuming hydrochloric acid in a sealed tube at 90° 0. 
The magnesium compound of p-bromophenyltriethylsilicane condenses with silicon tetrachloride to form trichloro-p-triethylsilylphenylsilicane (10), 
which yields his-p-triethylsilylbenzene (11) when treated with magnesium ethyl bromide. Magnesium p-bromophenyl bromide and phenyl silicon 
trichloride give phenyl-p-bromophenyl silicon dichloride (13), which is converted hy alcohol into (14) and (15). 
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TABLE VII.—CRYSTALLOGRAPHIG MEASUREMENTS 
OF DIPHENYLSILICANEDIOL. 

System, anorthic* Sub-class, holohedra'L 
a :b : c=0 -5657 : 1:1-700. 

a = 9 0 ° 2 ' ; /3=111° 20' ; y=87°27' . 
Forms developed: b (010), m (110), ^ (110), c (001), t (013), v (IlO). 

TABLE OF ANGLES. 

Faces. 

010 : 110 
110 : 110 
110 : 010 
010 : 001 
110 : 001 
110 ; 001 
010 : 013 

' 110 : 013 
110 : 013 

]STo. of 
Measure
ments. 

16 
16 
15 
22 
26 
26 

3 
1 
1 

Angle Limits. 

62° 2 /-C5°33' 
53° 10'-55° 52' 
59° 34'-61° 37' 
89° 52'-90° 30' 
70° 28'-71° 16' 
70° 49-71° 57' 
58° 20'-61° 40' 

59° 25' 
88° 38' 

Mean 
Value. 

64° 23' 
55° 40' 
60° 51' 
90° 11' 
70° 55' 
71° 19' 
60Q 31 ' 
59° 25' 
88Q 38' 

Calculated 
Value. 

• • 

60° 57' 
»« 

70° 5Qf 

, . 
• • 

60° 1' 
87° 51 ' 

The crystals are prismatic in habit. Of the prism faces b, m and ft, 
b and /x are well developed, whilst m is but a small face. The angle.s of 
the prism zone, namely bm=64° 23', m/x^55° 40', jab^60° 57', all 
approximate to 60° and give the crystals a pseudo-hexagonal character. 
The crystals are terminated by three planes at each end. These are 
c (001), t (013), and v (116). The face c (001) is quite large, whilst t and v 
are tiny bevels on the edges cb and c/x' respectively. The faces t and v 
are very bad ones, particularly the latter, from which no trustworthy 
measurements can be obtained. The faces as a whole are very bad 
from a goniometrical point of view, as may be seen from the range of the 
angles in the preceding. 

* 
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TABLE VIIL-CRYSTALLOGRAPHIC MEASUREMENTS 
OF ANHYDROBISDIPHENYLSILIGANEDIOL. 

System, anorihic. Sub-class, holokedral, 
a : b : c=0-6536 : 1 : 1-868. 

a=92° 28 ' ; jS—115° 40 ' ; y=86° 24'. 
Forms developed : b (010), m (110), p (HO), c (001), q (Oil), s (114). 

TABLE OF ANGLES. 

Faces. 

010 : 110 
110 : 110 
1ft) : 010 
010 : Oil 
110 : Oil 
110 : Oi l 
010 : 001 
110 : 001 
110 : 001 
Oil : 001 
110 : 112 
010 : 112 
110 : 112 

No. of 
Measure
ments. 

10 
10 
10 
20 
24 
24 
18 
20 
20 
11 
24 
24 
24 

Angle 

61° 5'-
00° 10'-
56° 40'-
29° 52'-
52° 18'-

105° 44'-
88° 38'-
66° 41'-
08° 26'-
58° 8'-

142° 43'-
119° 5'-
105° 22'-

Limits. 

-62° 1' 
-61° 33 ' 
-57° 56' 
-30° 42' 
-53° 14' 
-106° 39' 
-89° 29' 
-67° 25' 
-68° 44' 
-59° 9' 
-143° 19' 
-119° 55' 
-106° 38 ' 

Mean 
Value. 

61° 36' 
60° 58' 
57° 26' 
30° 22' 
52° 49' 

106° 8' 
89° 4' 
67° 3 ' 
68° 37' 
58° 38 ' 

143° 1' 
119° 31 ' 
106° 1' 

Calculated 
Value, 

# m 

57° 26' 
. , 

52° 53' 
106° 14' 

89° 0' 
, , 

69° 8' 
• • 

143° 21 ' 
119° 22' 
106° 11 ' 

The forms b, m, and p, constitute a prism zone; the forms b and m 
are large and p small. The angles of the prism zone are: bra —61° 36', 
m / i^60° 58'9 /xb'==.-57° 26'. They all approach the value 60°, and so the 
crystals are pseudo-hexagonal Of the three terminal forms, c (001) is 
much the largest, q and s being small faces on the edges b c and m' c 
respectively. 

* 
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TABLE IX.—CRYSTALLGGRAPHIC MEASUREMENTS 
OF DIANHYDROTRISDIPHENYLSILIGANEDIOL. 

System, anorthic. Sub-class, holohedral. 
a : b : e=0-506S : 1 : 1-491. 

Forms developed : b (010), m (110), p (110), c (001), r (012), p (114). 

TABLE OF ANGLES, 

Faces. 

010 : 110 
110 : 110 
110 : 010 
010 : 001 
110 : 001 
HO : 001 
010 : 012 
110 : 012 
110 : 012 
010 : 114 
110 : 114 
110 : 114 

No. of 
Measure
ments. 

6 
7 

10 
16 

8 
15 

1 
1 
1 
3 
3 * 
3 

Angle Limits. 

66° 42 ' -67° 3 1 ' 
51° 4 ' -52° 4 ' 
60° 4 ' - 6 1 ° 5 3 ' 
89° 7 ' -90° 5 1 ' 
74° 9 ' -74° 5 5 ' 
74° 16 ' -75° 28 ' 

54° 42 ' 
63° 1 1 ' 
94° 50 ' • 

67° 3 4 ' - 69° 1 1 ' 
120° 28 ' -124° 2' 
103° 44 ' -105° 14' 

Mean 
Value. 

66° 58 ' 
51° 39 ' 
61° 32 ' 
90° 19' 
74° 35 ' 
75° 1' 
54° 42 ' 
63° 1 1 ' 
94° 50' 
68° 36' 

122° 47' 
104° 27 ' 

Calculated 
Value. 

• * 
. . 

61° 2 3 ' 
. • 

74° 34 ' 
• * 

• • 

63° 1 1 ' 
93° 54 ' 
69° 2 5 ' 

120° 5 7 ' 
103° 0 ' 

The dominant forms areb (010), ft (lIO), and c (001). Many crystals 
are simply four-sided prisms terminated by c planes. The prism face m 
is often missing, and when present it is only small. The face r (012) was 
present on one crystal only. The form jj, (114) was only developed on 
two crystals, and even then the faces were very poor ones. This accounts 
for divergence between the calculated and measured angles. The 
crystals may be described as short, stumpy prisms- The prism angles 
show some approach to hexagonal development: bm™66° 58\ 
m / ^ 5 1 0 39', ^ b ' ^ 6 1 ° 32'. 

If in the crystals of diphenylsilicanediol (see Table VII.) t is given 
the indices (Oil) instead of (013), then v will become (112) instead of 
(116). The remaining indices would be unchanged. The axial ratios 
would now be 0-5657 : 1 : 0-5666 instead of 0-5657 : 1 : 1-700. 

Similarly if in the crystals of dianhydrotrisdiphenylsilicauediol r is 
made (Oil) instead of (012), then p, would be (112) instead of (114), and 
the remaining indices would be unaltered. The axial ratios would be 
0-5068 : I : 0-7455 instead of 0-5068 : 1 : 1-491. 

To bring the axial ratios of the crystals of anhydrobisdiphenyl-
silicanediol into line, q would have to be made (031) instead of (011), 
and the ratios would then be 0-6536 : 1 : 0*6227 instead of 
0-6536 ; 1 : 1-868. The indices of s (112) would then become (332), 
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TABLE X. CRYSTALLOGRAPHIC MEASUREMENTS 
OF TRIANHYDROTRISDIPHENYLSILICANEDIOL. 

System, ortkorhvmbic. Sub-class, bisphenoidal. 
a : b : c =0-7750 : 1 : 0-4993. 

Forms developed : a (100), b (010), m (110), p (111). 

TABLE OF ANGLES. 

l^aces. 

110 
100 
010 
100 
010 
110 
in 
no 

010 
no 
no 
in 
in 

Hi 
in 

No.of 
Measure

ments. 

19 
19 
19 
17 
18 
16 

8 
12 

Angle Limits. 

89° 50'-90° T 
37° 21'~38° 12' 
51° 55'-52° 29' 
59° 54'-6Q° 17' 
W° 58'-67° 27' 
50° 3 4 - 5 1 ° 13' 
78° 8'~78° 29' 
80° 30'~81° 27' 

Mean 
Value. 

90° 0' 
37° 48' 
52° 12' 
60° 7' 
67° 14' 
50° 48£' 
78° 15' 
81° 3 ' 

Calculated 
Value. 

90° 0' 
37° 48' 

m 9 

60° 3 ' 
, , 

50° 50' 
78° 23' 
80° 57' 

The crystals occur in two well-marked habits. One of these is 
prismatic, a and b being large faces, whilst the m faces are small. In 
other cases the crystals arc markedly tetrahedral. 
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TABLE XL—CRYSTALLOGRAPHIC MEASUREMENTS O 
TETRA-ANHYDROTETRAKISDIPHENYLSILICANEDIOL. 

System, anorthic. Sub-class, holokedral 
a ; b : c=0-5614 : 1 : 0-5770. 

a=83° 56'; ^-=103° 52' ; y=96° 44'. 
Forms observed : a {100}, b {010}, c {001}, m {110}, q {Oil}, y {120}. 

TABLE OF ANGLES. 

1 
Faces. 

010 : 110 
110 : 100 
100 : 120 
120 : 010 
010 : 001 
110 : 001 
100 : 001 
120 : 001 
010 ; 011 
110 : Oi l 
100 : Oi l 
120 : Oi l 

No. of 
Measure
ments. 

4 
3 

10 
6 
8 
6 

11 
12 
*. 
1 
1 
1 

Angle Limits. 

, 

56° 23'-57° 16' 
27° 13'~27° 48 ' 
50° 32 /-50° 46 ' 
44° 46'-44° 59' 
94° 26'~94° 5 3 ' 
80° 39'-81° 57' 
76° 3 1 - 7 6 ° 47' 
76° 29'-77° 18 ' 

, . 

65° 27' 
74° 38 ' 
98° 3 1 ' 

Mean 
Value. 

56° 56f 

27° 30' 
50° 38 ' 
44° 5 0 | ' 
94° 37 ' 
81° 8' 
76° 4 1 ' 
76° 54§' 

* • 
65° 27' 
74° 38 ' 
98° 3 1 ' 

Calculated 
Value. 

57° 6*' 
27° 25 ' 

80° 58 ' 
• » 

76° 57* ' 
64° 8 r 

75° 9' 
99° 3 ' 

The crystals are flat, almost square, plates, the pinacoid a {100} being 
predominant, and the forms b {010} and c {001} being developed along the 
edges of the plates. 

* 
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TABLE XIL—CRYSTALLOGRAPHIC MEASUREMENTS 
OF TRIANHYDROTRISDIBENZYLSILICANEDIOL. 

System, oblique. Sub-class, holohedral 
a : b : c -2-797 : 1 : 1-643 ; /3-94° 38'. 

Forms developed ; a [100), c {001}, m {110}, s {101}, r {101}. 

TABLE OF ANGLES. 

Faces. 

100 : 101 
101 : 0 0 1 
TOO : 001 
001 : T01 
T01 : 100 
100 : 110 
101 : 310 
110 : 110 
001 : 110 
101 : 110 

No. of 
Measure

ments. 

9 
9 
9 

11 
0 

23 
3 3 
10 
i-2 
17 

Angle Limits. 

59° 2 0 ' - 6 0 ° 1 1 ' 
2 5 ° 1 4 ' - 2 6 ° 1 3 ' 
S5° 2 '~85° 4 0 ' 
27° 2 '~28° 4/ 
06° 31 ' - 0 7 ° 4 ' 
70° 0 ' - 7 0 ° 3 6 ' 
80° 0 ' - 8 0 ° 3 3 ' 
39° 1 1 ' - 8 0 ° 4 3 ' 
88° 1 3 ' - 8 8 ° 54/ 
90° 59'-~97° 5 8 ' 

Mean 
Value. 

59° 4 3 ' 
25° 3 8 ' 
85° 22 ' 
27° 3 8 ' 
66° 5 1 ' 
70° 14 ' 
80° 15 ' 
39° 2 8 ' 
88° 3 0 ' 
97° 3 3 ' 

Calculated 
Value. 

59° 2 9 ' 
25° 5 3 ' 

27° 4 7 ' 

70° 16 ' 
80° 3 ' 

t # 

88° 2 7 ' 
97° 3 8 ' 

The crystals are prismatic in habit, being elongated in a direction 
perpendicular to the diad axis. The m faces in general are much 
larger than the a faces. 

TABLE XIIL—PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE R3SaR'. 

Compound* 

Tin triothyl n-propyl 
Tin triothyl iswbutyl 
Tin triothyl isoamyl 
Tin ethyl tri - n -

propyl 
Tin ethyl tri-isobutyl 
Tin tri-n-propyl iab-

butyl. 
Tin tri-isobutyl iso

amyl . 

Boiling-point. 
°C. 

82/13 mm. 
96*5/17 „ 
111/18 „ 

117-.V23 » 
125/16 „ 

128/18 „ 

152-9/16-5 „ 

Density, 

!>«»•• 1-1640 
!)*"»•» 1*3390 
3)4«-» 1-1203 

D****1*1225 
I V i 1-0779 

D/4*11*0841 

D4M-» 1-0356 

Refractive Index. 

nHft. 

146936 
1-46977 
1-46917 

1-47053 
1-47053 

1-46929 

1*46851 

nn. 

1-47273 
1-47304 
1*47243 

1-47374 
1-47371 

1-47245 

1-47174 

nHj9-

1-48108 
1-48132 
1-48050 

1-48197 
1-48167 

1*48042 

1-47984 

n V 

°C. 
1-48816, at 20-6 
1-48826, „ 20-3 
1-48739, „ 18-5 

1-48890, „ 21-8 
1-48830, „ 21 

1-48711, „ 24-1 

1-48575, „ 26 8 
* 

VOL. XT. : I . 



370 ORGANOMETALLIC COMPOUNDS. 

TABLE XIV.—PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE R£SnR's. 

Compound. 

Tin dimethyl di-iso-
butyl 

Tin diethyl di-iso-
butyl 

Tin diethyl di-iso
amyl . 

Boiling-point. 
°C. 

85/16 mm. 

108-2/13 „ 

131/13-5 „ 

. Density. 

D4
M* 1*1179 

D4*°'*M030 

D4
19 1-0725 

Refractive Index. 

n V 

1-46037 

1-47036 

1-46957 

no. 

1-46354 

1*47361 

1-47268 

nH/3. 

1-47165 

1-48107 

1-48040 

n V 

1-47851, at 20-1 

1-48846, „ 20-4 

1*48694, » 19 

TABLE XV.—PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE R2R'SnX. 

Compound. 

Tin diethyl-n-pro-
pyl chloride 

Tin diethyl isoamyl 
chloride . 

Tin diethyl n-propyl 
bromide . 

Tin diethyl isobutyl 
bromide . 

Tin diethyl isoamyl 
bromide . 

Tin ethyl di-isobutyl 
bromide . 

Tin ethyl di-isoamyl 
bromide . 

Boiling-point. 
°C. 

108/17 mm. 

125-5-126-5/13 „ 

112-2/16 „ 

122/17 „ 

137-5/17 „ 

130-6/13 „ 

154-155/16 „ 

Density. 

D4
15-71-3848 

D4
1B-S 1-2994 

D4
21'U-5910 

D/0 '01-5108 

D4
17-° 1-4881 

TV9'B 1*4085 

D4
20"D 1-3650 

Refractive Index. 

mta. 

1*50207 

1*49443 

1-51759 

1-51194 

1-51521 

1-50452 

1*50263 

ni). 

1*50580 

1-49805 

1-52177 

1-51586 

1-51651 

1*50837 

1*50631 

JXHp-

1*51524 

1-50687 

1-53232 

1-50609 

1-52653 

1-51799 

1*51562 

n*V 

1-52322, at 15-7* 

I -51443, i7 19-9 

1*54129, „ 21-0 

1-53464, „ 20-0 

1-53503, „ 17-0 

1-52609, „ 19*5 

1-52347, „ 20-0 

* 



TABLE XVI.—PHYSICAL CONSTANTS OF SOME TIN ALKYLS. 

391-2 

325-7 
367-8 
288-0 
3281 

3701 

412-2 

291-0 

333-0 

376*1 

4174 

4594 
336*9 
402-8 

438-7 
251-2 

Tin triethyl u-propyl 

Tin tetra-n-propyl. 

Tin M-n-propyl chloride. 

Tin tri«fcopropyl chloride 
Tin tri-isoamyl chloride * 
Tin triethyl bromide 
Tin tripropyl bromide „ 
Tin txvisobutyl bromide. 

Tin tri-isoamyl bromide . 

Tin fcrimeihyl iodide 

Tin triethyl iodide 

Tin tri-n-propyl iodide . 

Tin tri-isopropyl iodide . 

Tin tri-isoamyl iodide 
Tin diethyl dibromide . 
Tin dimethyl di-iodide . 
Tin tetrabromide . 
Tin triethyl ethylate 

§?Lpt, 

-us 

+ 15*5 

4* 15-0 
4- 30-2 
— 13-5 
— 49 

~* 26-5 

+ 21 

+ 3*4 

— 34*5 

~~ 53 

— 22 

B,pt. | 

13 mm. 

123 
142 
174 
97 

133 
148 

177 

71 

117 

141 

151 

182 

82 

IVs"' I-1&&* 
D4»«-» 1-1040 
I V s 1-10(13 
IV* .. 
I V s 1-4288 

14S26 
1-1290 
1-65S 
1-
1-3523 

1-2613 
14216 

D4«s.a 
IV 
IV s 

D4» 

*V 

B / 6 . 5 
i 30-7 

IV 

D37.8 

1*5960 
1-4378 
1-3777 

2-0680 
2-8582 
3-3602 

n-t . 

148897 
1-46936 
1-47126 
1-45826 
1-50172 
1-49114 
1-48734 
1-

D4«* 1*2394 

1-48235 
1-47714 
1-52370 
1-00263 
1-50103 
1-49375 
1-49426 
1-56632 
1-55996 
1-55933 
1-53609 
1-53190 
1-51784 
1-51358 
1-51184 
1-5507 
1-68079 
1*65891 
1-64979 
1-46227 

n&. 

IU-fractive Index. 

HH«. 

•52812 
•50655 

1-47243 
i-47273 
1-47448 
1-46144 
0-50553 

1*49102 
1*48774 
1-
1-
I* 
I-
1* 
1-49540 
1-49783 
1-57238 
1-56586 
1-56486 
1-54082 
1-53673 
1-82221 
1-51768 

1-5557 
1-69056 
1-66762 
1-65850 
1-46553 

1 
1 
1 
1-46939 
1-51510 
1-50442 
1-49976 
1-49648 
1-49402 
1*48825 
1-53900 
1-51020 
1-51395 
1-50461 
1-50649 
1-58811 
1-58145 
1-57882 
1-55311 
1-54884 
1-53324 
1-52820 

1-5693 
1-71680 
1-69087 
1-68142 
1-47382 

mi. 

148820, 
1*48816, 
1-48930, 
1-47007, 
1-52332, 

1-50707, 
1-50372, 
1-50098, 
1-49490, 
1-54840, 
1-52437, 
1-52185, 
1-51246, 
1-51382, 
1-60169, 

•59097, 
•56358, 
•55927, 
•34284, 
•53726, 
•53540, 
•5808, 

1-71227, 
1-70247, 
148076, 

at 19-7D C. 
„ 20-6*0. 
„ 20-23 0. 
„ 50'8S C. 
„ 23-3° C. 
„ 43* C. 
„ 28s a 
„ 35-4° C. 
„ 24-8° C. 
)} 34-2° C. 
„ so3 a 
„ 25-2° G. 
„ 20s a 
„ 4i-6° a 
„ 20-7° C. 
„ 28° a 
» 39° a 
„ 17-5° a 
., 2r a 
„ 30-4° C. 
„ 22-2° G. 
„ 26-5° C. 
„ 30-7° a 
» 74° a 
„ 39-3° C. 
„ 22-4° C. 
„ 37*8° C. 
„ 23-3° C. 



TABLE XVII.—PHYSICAL CONSTANTS OF TIN ALKYLS OF THE TYPE R3Sn.SnR3 , 

Compound. 

Hexaethyl-distannane 

Hexa-n-propyl-distannane 

Hexa-isobutyl-distannane 

Sym - tetraethyl - dipropyl-
distannane 

Sym-tetraethyl-di-isobutyl-
distannane 

Boiling-point. 

161° C./23 mm. 

143-6° C./15 

179° a /13-5 

165-8° C./15 

179° C./15-5 „ 

Density. 

D4
17-8 1-3795 

D4i9.5 1.2436 . 

D 4
5 9 1-1330 

D4
1 S '5 1-3346 

D4
19-8 1-2919 

Refractive Index. 

nHa. 

1*53224 

1-52112 

1-49706 

1-53042 

1-52108 

HD. 

1-53738 

1-52583 

1-50128 

1-53540 

1-52571 

nff/3. 

1-55065 

1-53773 

1-51191 

1-54822 

1-53772 

n S . 

1-56210, a t 17*8° C 

1-54806, „ 19-5° a 

1-52120, „ 59° a 

1-55945, „ 16-5° C 

1-54815, „ 19-8° C 



TABLE XVIIL—PHYSICAL 

Oompotind, 

Tin diethyl - eyelopenta-
methylene 

Ttxi diethyl - 5 - bromoamyl 
bromide 

Tin triethyl-5-bromoamyl . 
Tin triethyl-n-amyl , 
1 ; 10-Bis-triethy]stararyl~n-

deeane , 
Tin diethyL-n-amyi bromide 
Tin dimethyl - cyclopenta-

methylene 
Tin dimethyl-5-bromoamyl 

bromide 
Tin trimethyl-5-bromoamyl 
1 - Trhnethylstannyl * 5«tri -

methylplumbyl-n-pentane 
1 • 5-Bis-triethylstannyI - n -

pentane 

Boiling-point. 

95° C/14 mm. 

190-5° C/16 „ 
155-5C C/15 ss 

110° C/15 ,* 

248° C/15 „ 
135° C/15 „ 

64°C/16 „ 

168° C/15 „ 
124° C/18 „ 

162° C/18 „ 

205-5° C/15 „ 

TANTS OF HETEROCYCLIC TIN COMPOUNDS. 

Density. 

D / * « 1-2693 

D4
2 0 1-7113 

| B / o 1-8728 
! D 4

2 0 1-1258 
i 
5 

j D4
29*7 1-1887 

D / 3 - 1 1-8357 

D4
2 5 1-8385 

B d
2 3 ' 4 1-4659 

D420.2 1-6482 

D4
2 0 1-2654 

R<-fraettre Index. 

mi nit. Hir 

1*50673 • 1*51580 
! 
I 

1-54270 1-54707 I 1-55708 
1-50204 i 1*50568 1-51457 

n i L , 

1-50484 

1-49861 

1-54548 
1-49604 

1-51822 

1*50866 

1-50242 

1-54983 
1-49976 

1-51825 

1-51184 

1-56085 
1-50895 

1*52282 i 1-53452 

1-5053 nF~nc-

1-52357, at 19-9° C 

1-55675, „ 20° C 
1-52218, „ 20° C 

1-52657, „ 22-3° C 

1-51993, „ 23-1° C 

1-57019, „ 25° C 
1-51677, „ 23-4° C 

1-54473, „ 23-2° C 

0-01312, „ 20° C 

i > 
j rd 

OS 



TABLE XIX.—PHYSICAL CONSTANTS OF LEAD ALKYLS OF THE TYPE R3PbR'. 

Gompound. 

Lead trimethyl ethyl 

Lead trimethyl n-propyl . 

Lead trimethyl n-butyl . 

Lead trimethyl isobutyl , 

Lead trimethyl isoamyl , 

Lead methyl triethyl 

Lead triethyl n-propyl 

Lead triethyl isobutyl 

Lead triethyl isoamyl 

Boiling-point. 

27-28° C./10-11 mm. or 128-130° C./751 mm. 

48-49° 0./16 mm. or 151-152° C./755 mm. 

64-5° G./14 mm. 

58-59° C./15 mm. or 165-166° C./769 mm. 

70° C/13 mm. 

70-70-5° C./16 mm. 

97°C./12-13mm. 

108-2° C./16 mm. 

114-5° C/13 mm. 

Density 
(vacuum). 

D4
20-2 1-8893 

D4
23 1-7595 

D4
24 1-6740 

D / 3 ' 5 1-6684 

1-5241 

1-7124 

1-5948 

1-5302 

1-5055 

BF—nc . 

0-01936 

0-01805 

0-91705 

0-01675 

0-01553 

0*01826 

0-01719 

0-01686 

0-01680 

i 
nD. | 

1-5132, at 19° C. 

1-5082, „ 21° C. j 

1-5035, „ 22-5° G. 

1-5021, „ 21-2° C. 

1-4926, „ 20-3° 0. 

1-5158, „ 24-3° C. 

1-5175, „ 19-7° C. 

1-5120, „ 21-5° C. 

1-5118, „ 21-0° C. 



-X-

TABLE XX.—PHY3ICAL CONSTANTS OF LEAD ALKYLS OF THE TYPE R3PbR'. 

Befractire Index, 

Compound. 

Lead trimethyl Isopropyl , 
Lead trieihyl sec-butyl 
Lead Methyl Isopropyl 
Lead triethyl sec-amyl 
Lead methyl tri-isoamyl 
Lead ethyl tri-isoamyl 
Lead n-propyl fcri-isoamyl , 
Lead isobntyl tri-iao&myl , 
Lead methyl tri-isobutyl , 
Lead etbyl tri-isobutyl 
Lead n-propyl tri-isobutyl , 
Lead tri«asobatyl isoamyl , 
Lead methyl tri-n-propyl . 
Lead ethyl tri-n-propyl 
Lead tri-n-propyl isobntyl . 
Lead tri-n-propyl isoamyl , 

Boiling-point. 

• 

U° C/80 mm, 
103°CL/13 „ 
90°C./13 „ 

121° C/17 „ 
. . 
». 
* * 
. . 

i 2 i ° a /12 „ 
# V 

* • 
, t 

108° C./13 „ 
118-2° a /14 „ 

Density, 

!>**• 1-7403 i 
I>4

15 1-5360 [ 
D t " 1*5812 1 
I>#« 1*4006 i 
D 4 " 1-3134 | 
IV*-* 1-2922 
D4»» 1-2737 i 
D4»- s 1*2522 I 
IV8 '* 1-3077 j 
D*"-11-3758 ! 
3V*-« 1-3605 j 
D4

2Q-61-2976 I 
X>4

2S*3 1-5220 • 
2>4».» 1-4846 1 
D/2-* 1-4034 I 
D4

2 i 1-3810 J 
1 

n « a -

1-5042 
1-51600 
1-5131 
1-51065 
1-49226 
1*49425 
1-49324 
1-49242 
1-49883 
1-50134 
1-50148 
1-49696 
1-50456 
1-50703 
1-50235 
1-50049 

»0-

1-S095 
1-52088 
1-5181 
1-51537 
1-49618 
1-49825 
1-49703 
1-49618 
1*50321 
1-50552 
1-50561 
1-50097 
1-50911 
1*51149 
1-50673 
1-50465 

nH s . 

1-5223 
1*53310 

1-52717 
1*50612 
1-50818 
1-50696 
1*50597 
1*51397 
1-51636 
1*51631 
1-51118 
1-52059 
1-52290 
1-51766 
1-51535 

Bu,« 

1-5335, at 20° C 
1-54390, „ 153 C. 

9 t 
1*53712, „ 21° a 
1-51477, „ 223 a 
1-51669, M 19-6° a 
1-51542, „ 223 a 
1-51428, „ 19-5° C 
1-52324, „ 19-6° 0. 
1-52573, „ 22-1° 0. 
1-52554, „ 19-6D C. 
1-51989, „ 20-63 a 
1-53058, „ 22-3° C. 
1-53299, „ 21-3° a 
1-52716, „ 22-6° a 
1-52402, „ 21° a 

n f - n € , 

0-01703 
0-01773, at 20° C. 

t 

* • 

• w 

t? 



TABLE XXI.—PHYSICAL CONSTANTS OF LEAD ALKYLS OF THE TYPE RaPbR2'. 

Compound. 

Lead dimethyl di-n-propyl 

I^ead dimethyl di-isobutyl 

Lead dimethyl di-isoamyl , 

Lead diethyl di-n-propyl . 

Lead diethyl di-sec-propyl. 

Lead diethyl di-isobutyl , 

Lead diethyl di-isoamyl 

Boiling-point. 

77-78° C./13 mm. 

95-5-96° C./13 „ 

122-123° a /13 „ 

105° C/13 

95-5° C./14 

124° a/13 

142° C/13 

Density 
(vacuum). 

D4"'« 1-6230 

D/ 0 - 6 1-5042 

D/o 1-4302 

D4
25 1-5285 

D4".a 1.5358 

D4*
a 1-4455 

D4
20 1-3757 

! 
% - n c . 

0-01679 

0-01585 

0-01485 

0-01654 

0-01564 

001473 

Yield. 

70 per cent. 

70 „ 

75 

85 

90 „ 

95 

nD. 

1-5062, at 23-1° C. 

1-5023, „ 20-4° C. 

1-5005, „ 20° C 

1-5127, „ 25° C 

• • 

1-5081, „ 22° G. 

1-5041, „ 20° C. 

•X-



No, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 
19 

TABLE XXII.—PHYSICAL CONSTANTS 

i 

Compound. ; 

i 

Lead dimefchylethyl-n-prGpyl „ j 
Lead dimethylethyl-see-propyl . J 
Lead dimethylethyl-isobutji . j 
Lead dimethylethyl-sec-butyl \ 
Lead dlmef&yk1&yl4ao&myl . ! 
Lead dimetkylethyl-eec-amyl , j 
Lead dimethylpropyl-isoamyl . j 
Lead dimethyl-sec-butyMaoamyi * 1 ] 
Lead diefchylmethyipropyl . . [ 
Lead diethylmethyl-isoWtyl . ) 
Lead dietbylmethyl-isoamyl , • 
Lead diethyl-3i-propyl-sec^ropyl, ! 
Lead diethylpropyl-u.bttfcyl, * » ' 
Lead diethylpropyl-isobutyl . | 
Lead diefchylpropyl-sec-butyl , ! 
Lead diethylpropyl-isoamyl , j 
Lead diethylpropyl-sec-amyl » | 
Lead dietiiyl-isobutyl-koamyl , j 
Lead di-isoamyleihylpropyl . 1 

i 

Boiling-paint 

6a3 C./la mm. 
61-2* C./15 „ 

74° C-/13 „ 
75°C./14 „ 
m°c.ju » 
90*c. / i5 „ 

105° a / 1 5 t. 
Lll-$-112-50 C/14 mm. 

SO-S® a / 1 5 mm. 
87 s C./13 „ 

I06*a/15-o „ 
107s a / 1 7 
1082 a / 1 3 
iio° a/is „ 

115-5° a /H>5 „ 
127-5° C/15 „ 

121° a /12 
i3 i ° a /14 

145-5° a / 1 3 

OF LEAD ALKYLS 

i 

J H-nsity 
/vacuum). 

; 

| D 4 » 1-6043 
IV*'B 1-6868 

1 I V 0 ' 7 1-6234 
I D4« 1*6322 
1 »««•* 1-5579 
; 1>4

56 1-5609 
* D4

S* 1-502S 
j D 4 « 1-4709 
j I>4«-* 1-6399 
j U4»-* 1-5805 
j 2V 0 ' 9 1-5225 
\ IV2*X 1'5336 
i I V 0 , 5 1-5285 
I D 4 M 1-4890 
I D/o.i 2.4902 

D 4"- 1 1-4392 
! I V 9 1-4554 
1 !D4»* 1*3980 
[ D 4 « 1-3552 
i 

• 

1-50812 
1*50327 

• . 
1-50079 
1-50070 
1-49773 
1-50125 
1-50925 

* • 

1*50336 
1-51047 

. . 
1-50751 
1-51235 
1-50217 
1*50948 

• . 

OF THE TYPE 

Rt-I 

! 
; 

• > 
! 1-51327 

1-50783 
•• 

1-50524 
1-51139 
1-50201 
1-50571 
1-51412 

1-50783 
1-51524 

. . 
1-51195 
1-51698 
1*50655 
1-51393 

. . 
• • 

R2PbR'R". 

Vactivc Index. 

. 

! n„, 
i 

1 

! 1-52014 
1-51982 

1-51602 
1-52341 
1-51313 
1-51686 
1-52638 

1-51921 
1-52766 

1-52353 
1*52896 
1*51758 
1-52551 

* • 

i 

l - 5373 l / a t20 -6 3 a 
1*53010, „ 20-7° O. 

1-52647, „ 21-7° a 
1-53401, „ 20° a 
1-52251, „ 22=* C. 
1-52675, „ 22° a 
1-53710, „ 22-1° a 

1-52934, „ 20-8° C. 
1-53842, „ 221° C. 

1-53359, „ 20° C 
1*53939, „ 20-1° a 
1*52721, „ 22*1° C. 
1*53571, „ 19-4° 0. 

• • 

The following are additional constants to be attached to the compounds as shown :— 
Ho. 1 .BB 2 1 ' 8 1-5110 j a p - n c 0-01687. No. 4. n 0 « 1-5140; n r-np*0-01711. No. 10. d*"-* 1-5812; nD™*1-5120; n F - n c 0-01664. No. 13. 
IID2 0 '6 1-5120 ; n P ~ n c 0-01639. No. 18. nD

19*3 1-5053. No. 19. m,"*8 1-5039 ; nF-ng0-01524. 

~J 



TABLE XXIIL—PHYSICAL CONSTANTS OF MIXED LEAD ALKYLS 
OF THE TYPE Alk3Pb.Ar. 

Compound. 

Lead trimethyl phenyl 

Lead trimethyl o-tolyl 

Lead trimethyl p-tolyl 

Lead triethyl phenyl . 

Lead triethyl o-tolyl . 

Lead triethyl p-tolyl . 

Lead triethyl benzyl . 

Lead triethyl a-
naphthyl 

Boiling-point. 

104° C./13 mm. 

117-5-118° C./13 mm, 

118-119° 0./13 „ 

135° C./12 mm. 

153-5° G./13 „ 

154° G./13 „ 

140-150-5° C/13 mm. 

176° a/13 mm. 

Density {vacuum). 

d4
23-7 1-7342; d4

20 1-7376 

d4
21'* 1-7395 ; d4

20 1-7408 

d4
20 1-6826; d4

21'5 1-6812 

d4
21,1 1-5920; d4

20 1-5931 

d4
e2'2 1-5832 j d4

20 1-5853; 
d4

21'5 1-5839 

d4
24'3 1-5237; d4

S0 1-5281 ; 
d4

22 1-5262 

d / 3 1-5396; 1-5374 

Refractive Index, 

nHa-

1-5753 

1-5734 

1-5672 

1-5698 

1-5682 

1-5629 

i 
i 

I 
i 
I 

nD. 

1-5816 

1-5793 

1-5732 

1-5757 

1-5740 

1-5686 

*v 
1-5988 

1-5964 

1-5895 

1-5917 

1-5897 

1-6842 

flff... 

1-6138, at 23-7° a 

1-6095, „ 21-4° a 

1-6039, „ 20° C. 

1-6057, „ 20° a 

1-6035, „ 21-5° C 

1*5979, „ 22-0° a 

Lead triethyl a-naphthyl splits off naphthalene at its Imiling-point. 
Lead trimethyl benzyl boils at 124° C. with much decomposition. 

nD* -5695 

f nD
31"* 1-58* 

\ 1-5& 
5851 
•5843 
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TABLE XXIY,—PHYSICAL CONSTANTS OF HETEROCYCLIC LEAD COMPOUNDS. 

O>mpoomt 

Lead dletbylcsycIopeataBiethyteBe 

Lead t d e i h y l - g ^ b t o m o a m y l . . . . 

Lead triefchyl-n-amyl . 

1 t 0-Bis-teimetliyIplHmbyl-H-pentaDe . 

Boiling-pai 

. j l i r C / 1 3 - 3 

. J iee3c/i3 

121'C/13 

. J 106-5* a/H 
I 

at. 

mm. 

*» 

*i 

)» 

, Density (vacuum). 
i 

{ D4
2® I-68G0 

B4*° 1-0851 

D4
20 1-4823 

D4
23'5 1.9448 ' 

t 

nJ(. 

rij/0 1-5484 

n,,20 1M374 

II;,25 1-5007 

n rr
3 '5 K>571 

! 
i 

i 
, 0-01770 

0-01663 

0-oieos 

0-01940 
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NAME 
ABBLMANK, 68, 196, 107. 
Acree, 5, 
Adams, 40, 42, 94, 190, 215. 
Alexeyeff, 19, 21, 
Allpress, 77, 
Anderson, 217. 
Aronheim, 73, 77, 87, 322-324. 
Ashley, 317, 324, 340, 345, 346. 
Auld, 53, 56, 144, 146. 

BALBIANO, 143, 154, 155, 200. 
Bamberger, 32, 75, 90, 158. 
Banus, 79. 
Bauermeister, 82, 97, 99, 222. 
Bauerschmidt, 210. 
Becker, 88, 93,225, 228. 
Becker, R., 317, 322, 326, 327, 329. 
Beckmann, 11. 
Behal, 188. 
Beilstein, 19, 21. 
Bernaxdi, 125, 132. 
Bertlieim, 221, 235, 237. 
Berthelot, 31, 34. 
Bessl, 165. 
Bewad, 18, 19, 22, 26. 
Bielenberei, 74, 84, 
Biginelli, 181. 
Biilmann, 50, 54, 59, 64, G6S 67, 176, 181. 
Biltz, 181, 186, 187, 189. 
Bjerrum, 176. 
Blaise, 26,142. 
Blaisi, 88, 91. 
Bleekrode, 232. 
Blumenthal, 173, 176. 
Bocchi, 129, 133. 
Boedecker, 168. 
Bogert, 217. 
Bogoniolez, 24. 
Bonm, 24. 
Bonitsch, 112, 139. 
Braicovie, 233. 
Brame, 181. 
v. Braun, 208. 
Bredig, 305. 
Breest, 181. 
Brieger, 132, 133, 156, 158, m, 178. 
Buchner, 65. 
Buckton, 13,18,21,30-36, 39-42,232, 301, 

313, 333, 336. 
BuUard, 314, 319, 320, 321, 328. 
Burkard, 181. 
Buroni, 166. 

INDEX. 
Burton, 106, 114. 
Butlerow, 16-18, 23, 25, 333. 
Bygdeii, 247, 250-252, 259, 262-204, 282, 

362. 

CAHOTTRS, 11-13, 15, 18, 20, 23, 24, 33, 36, 
37, 43, 220, 232, 233, 302, 304-310, 
314, 333, 336. 

Calingaert, 339. 
Callis, 304, 305. 
Cahnels, 20, 32. 
Calvert, 11. 
Calvery, 38, 39, 43, 44, 77. 
Campisi, 79. 
Cantapulo, 16, 19, 25. 
Carani, 118. 
Carixis, 21. 
Cauer, 263, 269. 
Gaven, 247. 
Cecchetti, 133. 
Clmlklcy, 104, 147, 156, 206. 
Challenger, 77, 264, 266. 
Chambers, 13, 316, 322, 324, 320. 
Chapman, 19, 21, 33, 37. 
Chattaway, 82. 
Citisa, 213. 
Cocconi, 140. 
Coffey, 92, 93, 107, 108. 
Coffmann, 5. 
Collie, 26, 301, 302. 
Corey, 291. 
Cowper, 47. 
Crafts, 13, 13, 20, 250, 252. 
Crymble, 31, 34, 40-
Csabay, 340, 346, 347. 
Curtius, 65. 

DAVIES, 265. 
Bean, 68. 
Macro, 22, 26. 
Demarcay, 306, 307, 310. 
Pemuth, 20. 
Deniges, 47, 54, 181. 
Dennis, 291-295, 297, 298. 
Desesquelle, 140. 
Biela, 191. 
Mthoy, 267, 270, 271, 275. 
Dimroth, 33, 41, 72, 90-93, 97, 101, 104, 

105, 112, 12J, 139-144, 149, 151, 165* 
162, 166, 196,197,204,208. 

Disselkamp, 337, 345. 
Ditmar, 31, 32, 40, 41. 
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DiviitT, 73 -76, 78. 87-90. 
i>Rvst"lu'i, 13. 
Drew, 204-297. 
Drmv, 311-313. 
Dnffortl, 11. 
hmihuupt, 31. 41, £2. 
Dwjipa. 17, UK 20, 22. 25. 31 33, 35, 30, 38, 

44. 
Dunmd. 12, 15. 

KdoujirUoff. 207, 270, 271. 27.'). 
Khfivnfdd. loK. 
Ehrhard. 73. 
Richer, 39, 44. 
Krdmatm, 187. 
K*wrrs, 58, IS J. 
Kuuis, 317, 321.310, 315,340. 

KAIU.RKIN, 231. 

Kilotu lit, 10,25. 
FinMntrm, 13, 
Kinri, 97* 120. 
Kiw*hw\ 33, 10. IVN 73. 
Fleck, 12, 15, 10,33, 3*1. 7(J. 
KirmhigoSiruthrrN **!, 100, ION 
!«\>rstvr, 73. 
K«wfc>r, 21M 207. 
lAmrnrun. 146, 1$7. 
Fninehimonl, 70, H7. 
1-Vankkml, 11, 12, 13, 10 23, 25, 27, 31 3.% 

35, 36, 38 41. 44, 219, 223 22a, 301-
303, 309, 313, 333. 

Franklin, 40. 
Pxvuxid, 17, 23. 
P i i m H J3, IS, a», 250, 252, 260, 257, 259, 

263, 283, 284. 
Promro, 27. 
Fujimoto, 68. 
FOrafenhoff, 13, 232. 

UABAAXNI, 12*1 
OajctwskS, 198. 
UaE, 20, 23. 
<lanttag& 81, &*» MS. 
G&ucrke, 42-44, 
tiMsaroHi-Thumlftkii, I«» 22, 24, 24 
(fussier, 55, 57, 103, 184. 
Qemlmn, 03-
Oerhardt, 47, 
Oemoh, 167, 168, 
Ghira, 31, 34, 301, 333. 
Gibson, 4, 0, 79, 94. 
Gilmittk, 11, 12, 14-16,340. 
Gladstone, IS, 10, 23, M> SOL 
Glfafiky, 1#0* 
QodchmtXf 122. 
Goddud, A. » . , 36-38, 43, 7(5, 85, 98, 

220-222, 235-240, 242-244, 302, 317, 
322, 324, 338, U09 342, 343, 345, 346, 
$50. 

aoddard, B. (Mrs), 76, 221, 222, 302, 317, 
322, 338, 340, S42f 143, 345. 

Uoldaeker, 120. 
(Wet, 36, 43. 
(ioriainnw, 21. 
(Umhl 31, 34, 30, 37, 40, 43, 44. 
(JrabowRki, 21. 
CI met?, 77, 87. 
(irufflin, 78, 70, 88. 
(iraham, 2(1. 

j (iramVhstadten, 22, 23. 
| (iivenlaw, J 7. 

Urm>r, 304, 313, 315. 
(Jnpmrd, 190, 197,233. 
(iricjnrowHsoh, 23, 54. 
Urillo, m 
(h-imm, 302, 310. 
Gross**, 3, 5, K, 221, 235, 242, 243. 
GnitfiHT, 5, 12, 13, 14, 16, 20, 28, 33, 76, 

77, 81, H5, SO, 88, 92, 94~4K>, 208, 234, 
203, 200, 201, 302, 303, 305, 307, 311, 

| 314, 317, 325, 320, 333 338, 341- 343, 
3(8,351. 

Wrutzncr, 340. 
<iuiohftrd, 35* 
Uimtz, 10. 
KWindow, 20. 

HAAS, 189, 190. 
HnckfonK 270, 27], 282, 283. 
Hajrrr, 4, 5, 30. 
Hallwiu-hH, 12, 232. 
Hamilton, 78,03. 
Hnitnnond, 100. 
Ha nets 291,292, 
Hanfas 104. 
Han*»n, 221, 237. 
Hanson, 205. 
Hantzsch, 53, 50, 144, 146, 198. 
Hattfcm, 208. 
Hart, 158, 264. 
Hariwig, 13, 221,237. 
Haacnb&umor, 77. 
Hasw, 17, 19. 
Heidolbwger, 113, 120, 205. 
H«in, 13, 34, 73, 78, 80, 8l> 122. 
Hdtor, 304, 312. 
HWlon, 64. 
Henry, 22-24, 45, 
Henry, T. A„ U2t 153,192-195. 
Herman, M. 
Horrera, 217. 
Horrmann, 141. 
Heum&nn, 76, 87. 
Houler, 164, IQS, 171. 
Hill, 42-44. 
Hilpert, 5, 12-14,16, 26, ^St 31-33, 40, 41, 

76, 77, 85, 86, 88, 92, 94, 96, 208, 
234. 

Hinsberg, 21, 
Hirachfeider, 158, 
Hjortdahl, 305, 306, 308-310. 
Hobson, 17, 20. 
Mcehwalt, 339. 
Ho'dgson, 144, 
Hofmaon, 13, 20. 
Hofmann, 45,48-50,52-54,60,62,64,180-

182/184-188,190. 
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Holts, 4, 5, 6. 
Ho&maim, 32. 
Howard, 31. 

Ir.vriEW, 16. 

JACOBS, 113, 129, 205. 
Jacobsohn, 118, 121, 123, 124. 
Jaeobsnn, 80, 81. 
Japp, 23. 
Jenkins, 233. 
Jensen, 74, 84. 
Job, 25. 
Johnson, 188, 189. 
Jolxbois, 333. 
Jones, 32, 34, 38, 79, 80, 95. 
Jurgcns, 105. 

KAHLBUSS, 19. 
Kalle, 23. 
Kaulfuss, 16. 
Kawanmra, 3, 6, 8. 
Keiser, 181. 
Kekule, 76, 87. 
Kelbe, 82. 
Kenner, 106. 
Kharasch, 63, 64, 75, 78, 79, SO, 86, 88, 

104, 105, 118, 121, 123-125, 147, 156, 
159, 206. 

Khotinsky, 93, 95, 219, 223, 225, 226, 229, 
284. 

Kipping, 248, 250, 254, 258, 262-272, 275, 
278-285, 287-290, 307, 318, 320, 323, 
325. 

Kirmreuther, 188, 190. 
Klein, 131. 
Klippel, 336, 338. 
Xlug, 183. 
Kocklin, 76, 87. 
Koten, 42, 94, 190. 
Kdthner, 187. 
Krafft, 77. 
Kxassowski, 13, 33. 
Kraus, 3, 6, 8, 31, 266, 294-297, 304, 305, 

313-315, 321, 328. 
Krause, 9, 12, 13, 27, 31, 34, 219-221, 224-

229, 231, 233, 235, 242, 243, 263, 291, 
302-305, 307, 308, 311, 317, 318, 321-
323, 325-327, 329, 333-338, 341-345, 
348, 350, 351. 

Kulmiz, 306. 
Kunz, 79, 93, 94. 
Kursanov, 96. 
Kutscheroff, 54, 187. 

LACHMANN, 16, 18,22, 23, 25, 292. 
La Coste, 35, 77. 
Ladenburg, 13, 17, 23, 73, 77, 79, 87, 250, 

251, 253-259, 263, 266, 268, 269, 279, 
283, 284, 301, 304-306, 309, 314, 321, 
326. 

Landolt, 32. 
Lang, 22. 
Lasserre, 53, 54, 57. 
Laubengayer, 291. 
Lavroff, 11. 

Law, 320, 327. 
Lawranee, 13, 21, 301, 333. 
Le Comte, 181. 
Lederer, 342. 
Lelmardt, 308,311,312. 
IJOOUC, 233. 
Letts, 26, 301,302. 
Leuok, 205. 
Ley, 40, 64, «7. 
Leys, 53, 155. 
Lieso, 173. 
Link, 77. 
Linnemann, 33, 44. 
Lippraann, 34, 42. 
Lloyd, 250, 266, 272, 279, 284. 
Lolir, 12, 13, 15, 16, 27, 32, 33, 36. 
Loloff, 142. 
Lommen, 118. 
Louise, 37, 232, 233. 
Lowig, 309, 313, 336. 
Luff, 267, 271, 280, 281. 
Lwow, 17, 21. 
Lyons, 77. 

M'CLELAJTO, 74, 80. 
M^Ewen, 188, 189. 
Maguire, 181. 
Mahrlein, 190. 
Mameli, 140, 149, 151, 152, 154. 
JMComeli-Mannessier, 151. 
Mamloek, 22. 
Manchot, 5S, 142, 150, 154, 155, 183, 184, 

186, 189, 190. 
Marcus, 3, 6, 8. 
Mark, 7. 
Marker, m. 
Markownikoff, 24. 
Marquardt, 13, 24, 25, 37, 38. 
Marsden, 262-264, 269, 280. 
Marsh, 54, 196, 198. 
Martin, 254, 258, 266, 269, 272, 284. 
Marvel, 4, 5, 31, 34, 36, 37, 39, 40, 43, 44 

178. 
Masohmann, 149, 176. 
Matsumiya, 96. 
Matthews, 31. 
Maynard, 31, 39, 41, 72, 90, M. 
Meads, 268, 283. 
Melamed, 93, 95,219, 223, 225, 229t 231. 
Melser, 252, 254, 256, 259, 2(B9 283, 284. 
Merck, 151. 
Itfsves 62 
Meyari V.", 20, 221, 235, 237, 311. 
Meyer, 235, 333. 
Michael, 25, 26, 64. 
MichaeKs, 35, 73, 76-82, 87, 92, 93* 95, 121, 

122, 141, 143, 225, 227, 228, 229, 
Miohetti, 117. 
Middleton, 139-141, 143, 192, 196. 
Midgley, 339. 
Miller, 23. 
Mills, 215. 
Mitchell, 203, 204. 
Moller, 335, 338, 343. 
Moore, 22. 
Morgan, 294-297. " 
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Morgunow, 13, 303, 
Modes, 81, 00. 
MiiUer, 32. 
Mumm, ISO, 187. 
Murray, 207. 

NBK, WX 
Xifuwland, J SI, 
Nitflitingnlr, ? I 
NiWhe, 210. 224 220. 
Normnnri, 333. 
Nylx»rg» 03. 

OCHH, 0. 
OtHiiur, 13,33,232. 
Oh\vri-Maiuia&, 192,210. 
OpjK'nhcim, 13, 33, 01, 173. 
OppenhcimiT, .14. 
Ormlorff, 202 205, 207. SOS. 
(M<\ 32, 31. 41,42,73, 7-1 7«, 70, SI, 87 91, 

Kk 00, i»7. 

pA5>«nr, 210. 
Pnolim, 143, 1.M, 1*14. 355, inn, 200. 
F u ^ , 13, 23, 21, 2,10, 2,11, 2,13, 2.1,1, 2.17. 
l>ati»m<V, 21, 22. 
Paw low, 17* 18, 22, 23. 
IV(«')M»V, 13, 3(!u 303, 307, 308, 311, 312, 

lVraiom»r, 21. 
IVrkin. IHI. 
lVw*. 73-7.1, M* 112, 113, H«» 120-124, 

120, 131, 132, \m UW. 
iVtw-a, 77, 7K( 87, 88, »3, 10H. 
p#tt*w>«, 02. 
Pfriffer, 73, 301, 308 313, 310, 323, 333, 

33f> 338, 340,343,345. 
inward, 125, 200. 
PiwinSni, 112, IM, 
Pkk^im, 11. 
Ptsormi, 124, 
Plimpton, 181* 
Pohlutd, 317,323,325, 327, 336, 344. 
Pofock, 180. 
Polia, 259, 262, 266,207, 200, 316, 330, 340, 

345-347. 
Pontic, 25, 37. 
Popft, 4, 0, 13, 7% W, 301. 303, 307, 308, 

Popper, 2d. 

Proakouriakoff, 144 -140, 150, 1«B» 204. 
Prussia, 125. 
Purvis, 74, SO, 

EABOSTBK^OK, 121, 14L 
R&eky, 284. 
B&flfa» 125. 

RiSriM, 144-146, 100, 108, 204. 
Kathke, 10* 

Raksh, 9 t 25, 
B^&ikober* 180, 
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Ueissaus, 344, 348, 350. 
Reissert, 106. 
KeiUeiwtcin, 112-114, 131, 139. 
Kenning, 284. 
Renshaw, 17. 
Renwair/., 318, 341. 
Rotter, 31, 3J, 73, 78, 80, 81, 122. 
-Reynolds, 54, .17. 
Rovmmo, 47. 
Kioliter, 227, 228. 
Kieth, 10, 21. 
Kobinaon, 319-321, 340. 
Kobinon, 258, 208, 270, 273 
Koeder, 88, 91, 142. 
Komati, 215. 
Rosen, 200. 
Rosenthaler, 08. 
Kossi, 125, 120, 133. 
Kothrr, 120. 
Koux, 37, 232, 233. 
Ku^heimer, 314. 
Hupp, 141, 151, 167. 
Rus[taggiari, 112, 124. 

HAHIS, 88, 89, 102-165, 213 
Nai/ew, 21. 
Sakauri, 40, 45, 40. 
Hand, 60, 52, 55, 57, 50, 00, 103, 180, 181, 

183-185, 201-203, 287. 
Snttdbons, 177. 
Sftyteeflf, 100. 
Sohafarik, 12, 13, 232. 
SclMWt, 13, 310, 322, 324, 320, 328. 
Milenk, 3-8, 33,122, 284. 
Sohlfittig, 342, 351, 
Sohmitt, 20. 
Schmite, 317, 318, 341, 343, 345, 348, 350, 

351. 
Rohaunaaan, 301, 302, 310, 323. 
Hehoelter, 58, 59, 05, mt 120,120, 164, 171, 

173,177, 184. 
Hcfaoll, 63. 
Sehon, 19. 
fiohorigin, 5, 33, 35, 38. 
Schorl** mmer, 34, 42. 
Hehnurth, 58, 59, 65, 00,126,120, 104, 171, 

173,177, 184, 210. 
fcJehrfleder, 39,41. 
Scatsoherbakoff, 24, 30, 37. 
Sohubmmn, 132, 133, 158, 178. 
Schulte, 35. 
Selraltee, 82, 
Sehufee, 11,12, 14-10. 
Schw&Ibe, 101. 
Schw&rm 77, 87. 
Sei<H S2, 35, 30, 41. 
Seller, 190. 
Sail, 34, 42. 
Solmi, 47. 
Swgenkoff, 284. 
Sessions, 304, 314. 
Sharp* 152,153, 192-105. 
Singer, 59, 00,181, 183,201-203. 
Smith, 37, 
Smith, 0., 203, 204, 
Smith, H., $07, 318, 320, 323,325. 
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Sneed, 39, 41. 
Sobero, 47. 
Soderback, 74, 89, 
Sperry, 215. 
Ssimonowitech, 10, 19. 
Ssokoloff, 25, 37. 
Stamm. 113, 131. 
Stavelov, 03, 04. 
Steinkopf, 42, 03, 74, 75, 82-8-1, 80-89, , 

90-101, 222. 
Stock, 223, 224. 
Stoehr, 50, 52, 183. 
Strecker, 40, 42, 309. 
Struensee, 177. 
Suida, 35, 42, 76. 

TABEBN, 292-295, 297, 298. 
Tafel, 37, 38, 43, 335. 
Tartarini, 132. 
Taurke, 250, 251, 253, 250. 
von Than, 45. 
Thiele, 190. 
Thomas, 234. 
Thiimmel, 186. 
Thurman, 78, 79, 93. 
Tifeieau, 81, 95, 96. 
Tolkatschew, 18. 
Travers, 181. 
Tribe, 18, 24. 
Truskier, 73, 333, 336, 337, 340, 345. 

UTHEMANN, 191. 

VEOCHIOTTI, 112, 110-118, 130, 131. 
Vila, 146, 147. 

Volhard, 97, 99. 
Vyle, 268. 

WAGA, 10. 
Wagfrr, 34, 73, 78, 80, 81, 122. 
Wagner, 21,22, 24. 
Wakleii, 34, 
Wanklyn, 5, 16, 20, 21, 27, 45. 
Wayler, 31. 
Weehuizen, 192. 
Weller, 80, 95. 
Wendt, 9, 12, 220, 233. 
Werner, 22, 23, 32, 34, 40, 79, 80, 95, 
White, 207. 
Whitmore, 78, 79, 93, 108, 122, 134, 

141, 143,102,164,192,205. 
Wibaut, 105. 
Wichelhaus, 13, 19. 
Widdowson, 254. 
Wilcox, 23. 
Willgerodt, 35, 41, 70, 87, 88. 
Winkler, 13, 292, 293. 
Wischin, 20. 
Witt, 59. 
Wolff, 79, 95. 
Wolffenstcin, 22. 
Woodward, 162, 164. 
Worobjeff, 16. 
Wrenshall, 68. 
Wunstorf, 168. 
Wurte, 21, 74, 79. 

ZECHMBISTER, 340, 346, 347. 
Zeidler, 223, 224. 
Zeiser, 36, 79. 
Zelinsky, 26. 
Zinin, 44. 

* 
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SUBJECT INDEX. 
XJi.~ Index is arranged under headings of elements placed in their order of 

appearing in Hie Periodic Oiassitieation. Where more than one reference is given those 
referener.s in italic indicate where the preparation and properties of the compound in 
question may he i(tund. 

Lithium i\i*amyl. .\ 
n-huiyh 4. 
ethyl,'3, 4. 
methyl, 3, /. 
phenyl, 3, ft, 
triphe»yhm*Hia\l, '». 

Lithium. 

Sodium. 
Sttdium *V«*umyi, $H. 

„ p»aniHyI4>iphenyJeHt'-methy3,8. 
,. benzyl, $, 
,» biphenylette-phenyl-methyl, 7. 
„ di4Hpheny!yl-«.na|)hthyI-inethyI» 7. 

vthyl, #, ifo. 
methyl, 5, 33, 

„ phenyl, tt. 
„ iihenyl-^iphenylyl-a-naphthyl-nicthyi, 7. 
„ fripheisyimefhyh 3, ft. 

Potassium* 
Potwnium triph<*nylmethyl> & 

Rubidium* 
Rubidium ethyl, 8. 

„ fcnpheriylmethyl, 8. 

Cwalum etkyZ? 8, 
„ triphonylinethyl, 9. 

Cuprous phenyl 3, & 

Silver phenyl, 4, P. 
„ n » compound with silver iutrato, 3i&f SSL 

(Md, 
Ammmo&ktkylmm bromide* 10. 
Diothykurie bromide, 3, 9. 
Ethyl&urfc dibroraide, 10, 

Calcium, organic complexes of, 11 

Beryllium ^-butyl iodide, IS. 
„ di-^-butyl, 15, 
» diethyl, II, 14, 30. 

VOL* XI. : 1. 385 25 
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Beryllium dimethyl, 12, 14. 
„ diphenyl, 15. 
„ dipropyl, 11, 15, 37. 
„ divp-tolyl, 15. 
„ ethyl bromide, 15. 
„ „ chloride, 15. 
„ „ iodide, 15. 
„ methyl iodide, 12, 14, 15. 
„ phenyl iodide, 12, 15* 

Magnesium. 
Magnesium diethyl, 12, 16, 36. 

„ dimethyl, 15, 33. 
diphenyl, 12, 16, 76. 
dipropyl, 16. 

Zinc. 
Zinc dHsoaniyl, 12, 25, 38. 

„ „ , physical constants of, 357. 
„ di-isobutyl, 24. 
„ „ , physical constants of, 357. 

Zinc diethyl, 8,18, 19, 20, 25, 26, 29, 33, 36, 221, 224, 237, 250, 251, 255-257, 259, 
263, 292, 301, 302, 332, 333. 

„ , reactions of, 20-23. 
„ , physical constants of, 357. 

dimethyl, 12, 16, 11, 21, 25, 27, 31, 33, 223, 248, 258, 303, 333. 
„ , reactions of, 17, 18. 

diphenyl, 13, 26, 76, 316. 
dipropyl, 23, 37, 250, 302. 

„ , physical constants of, 357. 
di-wopropyl, 24. 
ethylate, 18. 
ethyl rsobutyl, 357. 
ethyl iodide, 25. 

„ w-propyl, 357. 
ethyl trichloroethylate, 26. 
methylate, 17. 
methyl ethylate, 18, 25. 

„ iodide, 16. 
„ methylate, 17, 25. 

Isopropyl isoamyl, 357. 
w-propyl isobutyl, 357. 
Isopropyl iodide, 26. 

Cadmium. 
Cadmium di-isoamyl, 28, 358, 359. 

di-fl-butyl, 28, 358, 359. 
„ di-Mobutyl, 28, 358, 359. 

diethyl, 27, 36, 358, 359. 
dimethyl, 21, 358, 359. 
diphenyl, 14, 28, 76. 
di-w-propyl, 28, 358, 359. 

Mercury. 
Acetaldehyde, mercuration of, 47. 

w-Acetarainobenzoic acid, mercuration of, 172. 
^-Acetaminophenylmercuric acetate, chloride, hydroxide, sulphate, 1B4% 125. 

Acetanilide, mercuration of, 124. 
Acetic acxd, „ „ , 58. 

„ acids, substituted, mercuration of, 64. 
Acetone, reaction with mercuric cyanide, 54. 

„ acetate, 55. 
Acetophenone, mercuration of, 196. 
Aceto-diethyl-methyl-mercurio chloride, 65̂  
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(5-

2-
F-
o-

P' 

«(?)-

P' 
p-

«-

O 

4-

4-
4-

Aeeto-dimethyl-moihyl-mereurie chloride,, $5. 
Aeetoxymereuri-aocto-o-toluidide, 130. 

„ -w- „ , 131. 

-aoetylanthranilic methyl eyfcer, chloride, 170,171. 
-jMiminobenzoie ethyl eater, chloride, sulphide, 164, 174, 175. 
„ n » „ „ , mercuric acetate salt of, 174. 

yMaoamylphe-nol, 153. 
aniline* compounds from diazotized, 205. 
musole, 141, 142. 

-authranilic methyl eater, 160. 
-iK'Uzeneazo-^-cresol, chloride, 204. 
-/Mwnzenoazo-ct-naphthol, 204. 
I>enxenea7A)-l-naphthy3amine-5-8ulphunie acid, 205, 

„ -o-nitrnphe-nol, bromide, 204. 
„ -phenol, 20o. 
„ -resorcinol, 205. 

-I>eimojne, hydrochloride, 132. 
-/jfa-Umfcenea/o-a-imphthol, 201. 
-/^jromudimethylumline, HI, 12$. 
-/|-?,v»butoxy./?-phenylpropionic methyl cater, anhydride, 178. 
-^•frr/.-butylphenol, 153. 
earvacrol, 152. 
-jtM'hloroiicetamizde, 120. 
-^-ehloroanilme, acetyl derivative, hydroxide, chloride, 118. 
-o- ,» „ „ hydroxide, acetyl derivative, 117. 
•^-rxvaol, 137, (SO. 
-o-ereHol, chloride, nitrate, 140, 

-3-diac(^oxymen*urip}ienyI-5-pyraKolone, dichloride, 2J3. 
•diacetyl-fMiitraniline and acetyl derivative, 119. 
•2 : 4-di(4hIoroaniIme1 acetyl derivative, chloride, hydroxide, 111, 

118. 
4/-dicthylammoa2oben:£ene, 205. 
•?«-dhnrthylammoamHtih* hydrochloride, 147. 
4'-diinethyiaininoa?,obcnKeue, 205. 
wn-rfiraothylaimnophenol, 147. 
"?$-dimethylamim>phcnyl acetate, 137, 147. 
-dhnethyl&nthrftimic methyl enter, chloride, bromide, iodide, 172. 
-dimethyl ether, chloride, 184, 
dimofchyl-^-toluidina, chloride, bromide, iodide, hydroxide, nitrate, 
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-diphe&ylnroine, chloride, hydroxide, 125. 
-^tho&y./^phenylpropioma methyl ester, chloride, bromide, 

iodidoj internal* anhydride, 177, 
-^-fthoxy-^-phc«yIpropiophen<jne, 100* 
-ethylunihr&nilta ethyl cater, methyl cater, 172. 
•Gthylmethyl ether, 58, J%4. 
formic ethyl ester and derivative**, $8. 

„ methyl „ „ », ,58, 
•3-hydroxybonzaJdehyde, 193, 
-^-hydroxysuccinic acid, derivative of, 67. 
-4-hydroxy-2-mcthyl»fi-i«opropyl-bisnzaIdohyde, 152, 
-3-hydroxy-tetmhydronaphthalcixe, 103, 
-o-iodo&aifcnst, hydroxide, iodide, 118. 
*p. f, „ „ „ acetyl derivative, 118. 
-6-iodoihym(>2f chloride, bromide, oxide, 152. 
-^.m^thoxy-jS-phcnyl-^-chloropropiophcnonti, 107. 

-^-phenylpropionio ethyl ester, benzyl ester, 178. 
„ Z-monthyl ester, chloride, bromide, 

m. 
, n „ „ methyl ester, chloride, bromide, 

iodide, 177. 
» -^-phenylpropiophenone, 106* 

.thraidlo jmmjl ester, chloride, bromide, iodide, 171. 
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l-Acetoxymercuriniethyl-4-brorao-l : 2-dihydrobcnzofurane, 21l>, 
1- „ „ , / -1 : 2-dihydrobenzofurane, chloride, bromide, iodide, 21a 
^-Acetoxymercuri-metliyldiphenylaniine, hydroxide, 120. 
3- „ * „ -1-methylondole, 214. 
l-Acetoxymercurimethyl-6-methvl-l : 2-dihydrobenzofurane, 210. 

1" s> r» », "4- „ „ j , , , j Hi t ) . 
3-Acetoxymercuri-2-methyl-l-phthalyl indole, 214. 

„ „ -iV-methylthiodiphenylainine, 126. 
1- „ „ -£-naphthol, 138, 158. 
2- „ „ -l-naphthol-4-sulphonic acid (sodium salt), 138, 157. 
1- „ „ -2- -6- „ „ „ „ , 138, 158. 
1- „ „ -/?-naphthyIamine, 133. 
p- ,, „ -o-nitroanfiine, 111, 118. 
P~ „ „ -m~ „ „ , 110. 
o- „ „ ~p- „ „ , acetyl derivative, 119, 120. 

8(?)- „ „ -2-mtro-4-benzeneazo-a-naphthol, 204. 
8(?)- „ „ -4- „ -2- „ „ „ ,204. 

5- „ „ -3-nitro-4-hydroxybenzaldehyde, 194. 
,, ,» ~2>- ,, -o- „ »» » ion. 

o- „ „ phenetole, chloride, bromide, iodide, 143. 
V » >» » > 1&, 144. 
o- „ „ phenol, hydroxide, internal oxide, bromide, iodide, nitrate, sul

phate, 140. 
p- „ „ phenol, hydroxide, bromide, iodide, nitrate, sulphate, 140. 
2-AcetoxymercuriphenyIglycine, ethyl ester, 127. 
a-Acetoxymercuri-^-propoxy-j6-phenylpropionio methyl ester, chloride, bromide, 

iodide, internal anhydride, 177. 
a- », „ -/9-wopropoxy-^-phenylpropionie methyl ester, anhydride, 1771178, 

„ „ -salicylic methyl ester, 162,167. 
» ethyl „ , 167. 

2- „ ,. thymol, chloride, bromide, nitrate, oxide, sulphate, 151, i$#. 
6- „ „ „ , bromide, hydroxide, „ ,» „ , 152. 
5- „ „ toluene-2-azophenoI, 205. 

„ „ o-tolylglycine ethyl ester, 128. 
„ „ m- „ „ „ „ , anhydride, 129. 

5- „ „ -o-toluidine, 129. 
6- „ „ -m- „ , 130. 

„ „ -p- „ , chloride, hydroxide, 131. 
Acetylene, interaction with mercuric salts, 186, 187. 
"Acetylene mercury," 186. 

„ „ oxychloride, 186. 
„ tetrabromide, interaction "with mercuric cyanide, 189. 

Acid anilides, mercuration of, 124. 
Acrylic acid, „ „ , 66. 
Aldehydes, mercuration of aliphatic, 53. 
Aliphatic acids, unsaturated, mercuration of, 66. 
Alkyl mercuric halides, electrolysis in liquid ammonia, 30, 31. 
Alkyl phenols, mercuration of, 153. 
Allylaeetoxime, reaction with mercuric acetate, 202. 
Allyl alcohol, mercuration of, 47, 50. 

p-Allyl anisole, mercury derivatives of, 143. 
Allylene, interaction with mercuric salts, 187, 188. 
Allylmercuric hydroxide and salts, 449 45. 

„ „ iodide, ZZ,44. 
o-Allylphenol, mercuration of, 215. 

1: 8-Amidonaphthol-3 : 6-diHulphonic acid (H acid), reaction with mercuric salts, 158. 
1 : 8 - » » -4:6- „ „ (K acid), „ ,. „ 
1:8- „ „ -4-sulphonic acid, reaction with mercuric salts, 158. 

*M. Amino benzoic acid, mercury derivatives of, 172. 
P- „ „ „ and esters, mercury derivatives of, I73~17(k 

Aminomethane disulphonio acid, mercuration of, 68. 
Aminophenols, mercuration of, 147. 

o-Aminophenylmercuric aoetate, 111, 116. 
°- i» „ „ , acetyl derivative, 116. 
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o- Aminophenylmorcuric acetate, condensation with dmitrophenylpyridiniuin chloride, 

p- «, U29 222. 
p- »* „ „ , acetyl derivative, 113. 

„ , condensation with dinitroplienylpyridinium chloride 
mid propargyi aeetal, 113, 114. 

^Aminophenylmcrcnric chloride, 115, Uo\ 222. 
P- » t. „ , condensation products, JJT5, 11$. 
p- „ „ hydroxide and salt*, 114-116. 
p~ „ ,. thioHulphate, 115, /id?. 
»^Aminophcnyl4rimethylamniomum chloride, mercuration of, 149, 
»-AmyIacetylene, mercuration of, 188. 

Amyl alcohol, „ „ , 47, 
MM-Amyl hydroxymoreuri-tf^-uitro-acetate anhydride, 64. 
t n-Amyimcrcuric bromide, 41. 

icrt,- ,/ „ „ ,30, 4*. 
*«>- „ „ chloride, 38, */, 87, ,*JhU 
«w- „ „ iodid*\ 38, i^. 
tw-Amylphtnol, incrraratiort of, L*>3. 

4 :r>-Anhydnv;^act4oxyniereini.54iydroxynu'i^niri-4-hydroxybenza]dehyde) 194. 
2 : 3- „ -2 ; 0-dihydrc>sy3iicn,uri-4-nitro-:i-hytIi'oxybt"nzaldchy<le, 195. 

„ -2-hyUn>sy-3-hydrosym^rtMiri-r*-mothyIazobonzonc-2'.carboxylio acid, 200. 
r» tt n ** t" it *, - 4 - „ „ ,20G. 

ri -u»hydroxy-mcivuribczuoyl acetic acid, ti'X 
„ -a-hydn>xymt»rcwn-«-hydroxymct!iyl succinic acid, derivatives of, 07, 

Anilines, halogenatcd, merenr&tion of, 117, 
a-AnUklo fatty ml&n and esters, nicnntration of, 12G, 

Aniaole, moreuration of. 137, 14L 
Anisylindttlc, mensuration of, %14. 

j*Anisylmorourio chloride, $7, 240, 230, 
p~ ,, „ oxidn, 142. 

AnthraniHo esters, mereur&iion of, W0t 1§8~27L 
Apiol, nwrcmration of, 137, J5&. 

t#0*Ajriol, „ of, 137. 
Aromatic acids, mcruuration of, im* 

„ nitro compound*, mcrour&tion of* 1&4-10& 
„ sulphonic acids, „ „» /##, VHK 

Aryl hydroxy.fatty acids, „ „„ 88. 
Aryloxy-f&tty acids, „ „ . liH. 
Azo oompoumte, mertuir&tcd, $03 *£0ih 
Beh^Bolio ttfttore, nwroumtion of, 68. 
foitt&X&tietophommc, „ „ , HHi 
StettranaaxoplmaoS, „ „ , 208. 
Ben^nea&a-y-oresof, „ „ , 204. 
Bctzigeno sulphonic acid, mcivnratmn of, 10$, 
BenzkUtne, „ ,» * 132. 
Bertfoio mid, *> „ , 160, /#& 
Benzophenone, „ „ , 197, 
Bamoyl&eetio add, », „ , 63. 

f»-BenKoyIftminot>ensoio acid, niurouration of, 173. 
Benscoylmethyl-marctttio ohloririo, 88, 

^^B^ylaiainophcnylmpreuric aoetate, chloride, hydrosdde, nitrate, 124. 
I&x#sykn;ili»®, mercaration of. 124. 
Bs&^lmareurio aoetate, 95. 

., „ bromide, iodide, 80,9& 
,, oMorid ,̂ 80, 85, 87, l?4. 

,» „ oyanidb, 95, 
„ 0 ©thyl xanthate^ 191. 

Bensyl mercury compounds, 79, $0, §4, 05, 
2)-^m®rctJriamlln©f SS2. 
^I^omodimafchykniiin©. mercuration of, 1X1, MB, 
4-Bromo-4-liytoxy4-ao©toxym©romri4*tria^toxyin©K3uriphenyl-2:3-dimethyl-5-

pyxazolon©, citl<aid©, hydroxide, 212. 
Bromomereuri aoetio acid, S8, 

o-Broraomerotiri toaEOjrtoaoua, 10a 
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a-Bromomercuri camphor, iodide, 200. 
5- .. „ -2-ohlorothiophene, 90. 
5- ,. „ -2 :4-diphenyl-selenophene, 217. 
a- „ ,. -p'-ethosy-^-plienylpropiophenone, 197. 

-ethyl methyl ether, eMoride, iodide, sulphide, 18-1. 
2- „ .. -3-hydroxy-tetrahydronaphthalene, 103. 
0- „ „ -2-it»dothiophene, 99. 
a- „ „ -pi-niethoxy-p'-phemipropiaphenone, 197. 
1- „ „ methyl-4-brumo-l : 2-dihydrobonzofurane, 210. 
,5- „ „ -2-methylthiophene, 101. 
4- „ ., -2-nitrutoluene, 107. 
2- „ ., thiophene, 98. 
4-Bronio-l-phenyl-2 : 3-dimetkyl-5-pyrazoIone5 mercuration of, 212. 
o-Bromophenylmercurio acetate, chloride, 104. 

11 5 

lide, 185. 
Butene mercuric iodide, 183. 

frr/.-Butylaeetylent*, mercuration of, 188. 
iVobutylene, interaction with mercuric salts, 18.1. 

MO-Butyl hydmxyinercuri-ari-nitro-acetat^ anhydride, 114. 
"<?. iodide, 43. 

„ „ „ ethyl xanthate, 191. 
i*o- „ ,. hydroxide and salty, 43. 

xec- „ „ chloride, 43. 
„ ,, „ bromide, 30, 43. 

iodide, 38, 43. 
UrL- „ „ bromide, 30, 43. 
ferf.-Butylphenolj mercuration of, 133. 

Camphor earboxyiic acid, mercuration of, 200. 
Cane sugar, mercuration of, 47, 30. 

Carbon disulphide, reaction with alkyl or aryl mercuric hydroxides, 190. 
Carvaerol, mercuration of, 137, 152. 
Carvacrulaldehyde, mercuration of, 132. 
ChaulmooGiic acid, „ , , , GS. 

/»-Chluro-4-acetoxymercuri-l-phenyl-3-methylpyrazolone, diehioride, 213. 
o-Chloroaniline, mercuration of, 117. 

?}l- .» . , IT , . 1 l ib . 

»» ' 
Ohloratodimercuracetaldehyde, 33. 
Chloratotrimercuriacetaldehyde, 33, 1ST. 
Chloromc-rcuri-aceto-o-toluidide, 130. 

2-Chlon>mercuri-2-acetyl-indandione, 198. 
eid, 174. 

5- », „ -2-isoamylthiophene, 100. 
o- „ ,, anisole, bromide, 141 ; iodide, 137. 
p- ,, ., „ 9 137, 142; bromide, iodide, 142. 

„ ., -anthranilic methyl ester, 169 ; bromide, iodide, 170. 
o- ,. „ benzoic acid, sodium salt, 161, 163. 
p- „ „ „ „ , 161, 162, 1Q3, 164; bromide, iodide, 163, 164. 
p- „ „ „ „ , acid chloride, rc-butyl ester, 164. 
o- „ „ benzoic methyl ester, 162, 164. 
o- „ „ benzophenone, 197. 
o- „ „ benzoyl chloride, 162, 164, 165. 
5- „ „ -2-benzylthiophene, 70, 83, 101. 
o- „ „ -jp-bromodimethylaniline, bromide, formate, hydroxide, iodide, 

thiocyanate, 123. 
-2-bromothiophene, bromide, iodide, 99. a-

a- „ ., camphor, 199. 
*>_ -2-carbethosy-indandione, 198. 
5- „ „ -2-carboxyl-thiophene, 99 
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2-
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oromercuri-o-cHoroaniline, 119. 
-p- „ „ , 118. 
-2-ohlorothiophene, bromide, iodide, 98. 
-^-cresol, 137, 150. 
„ „ , benzoyl derivative, iodide, 150. 
„ „ methyl ether, 151. 

-2 : 4-dichloroaniline and acetyl derivative, 118. 
-2 : 5-dimethylthiophene, 70, 84, 102. 
-3 :4- „ „ , 102. 
- 2 : 3 - „ „ , 102. 
-2 :4 - „ „ , 102. 
-2 : 4-diphenyl-selenophene, 217. 
-2 5- „ thiophene, 103. 
ethoxy dicylopentadiene, 190. 
-2-ethylthiophene, 101. 
-2-hydroxy-2 ; 3-dihydro-2 : 5-dimethylthiophene mercuric chloride, 

101. 
-4-hydroxy-4: 5-dihydro-2:4- „ „ „ 

102. 
-4-hydroxy-3-methyl-6-isopropylbenzaldehyde, acetate, 153. 
-m-hydroxyphenyl-trimethylammonium anhydride, 148. 
•p- „ „ „ „ acetate, 148. 
indandione, 198. 
-5-iodothiophene, 83. 
-2- „ „ , bromide, iodide, 99. 
-4-methoxy-l-dichloromercuriphenyl-2:3-dimethyl-5-pyrazolone, 

211. 
-4-methoxy-l-dichloromerci2riphenvl-3-methy]-2-ethyl-5- „ 

211. 
methoxy dicyelopentadiene, 190. 

oromercurimethyl-4-bromo-l : 2-dihydrobenzofurane, 216. 
-6-carbomethoxy-l; 2-dihydrobenzofurane, 216. 
-4-carboxy-l : 2- ., „ , 216. 
-6- „ 1:2- „ „ ,216. 
-4-carboxyvinylene-l : 2- „ „ , 216. 

(Chloromercuri methyl)-ethyl phenyl carbinol, 196. 
-Chloromercurimethyl-6-methyl-l : 2-dihydrobenzofurane, 216. 

-4- „ „ , „ , 216. 
?- „ „ -2-methyl thiophene, 99. 
i- ,, „ -o- ~n „ , yy. 
1- „ „ -^-naphthol, 158. 
5- „ „ -3-nitro-4-hydroxybenzaldehvde, 194. 

-4- „ -3- „ „ " , 195, 
"** ?J -*** a >» > i y o . 

4- „ „ -2-nitrophenol, 144. 
2- „ „ -4- „ , 145. 
6- „ „ -2- „ , 145. 
4- „ „ -2-nitroresorcinol, 156. 
3- s, „ -5-nitrosalicylal aniline, 193. 
3- „ ,. -5-nitrosalicylic acid, 168. 
4- „ „ -2-nitrotoluene, 107. 
6-
5-
5-
4-
6-
2-
3- „ 
^-Chloromercuri phenetole, iodide, 137, 143; bromide, oxide, 143. 
o-Chloromercuri phenol, 137, 139, 140, 141. 

„ „ „ , acetyl derivative, 139. 
„ „ „ , sodium salt, 137, 140. 

(2-CMoromercuriphenyl-a-amino) propionic ethyl ester, 127. 
2-Ghloromercuriphenylglyoine ethyl ester, bromide, iodide, 127. 
5-Chloromercuri-2-phenyl thiophene, 99. 

-2-
-2-
-3-
-3-
-3-
-4-
-4-
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99 

99 
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5-ChlGromercuri-2-w-propyl thiophene, 100. 
?- „ „ -3-isopropyl „ , 100. 

resorcinol, 138, 155. 
salicylaldehyde, 193.. 
salicylal aniline, 193. 
salicylic acid, salts, bromide, iodide, 166. 

„ methyl ester, 167. 
thiolbenzoie acid and ethyl ester, 165. 
thiophene, 70, 83, 97, 98, 222. 
-o-toluidme, diacetyl derivative, 129. 

Chloromercuri thymol, sodium salt, 151. 
o-Chlorophenylglycollie acid, mercuration of, 191. 
o-Chlorophenylmercuric acetate, chloride, 104. 

#i- „ „ » » , 104. 
p- „ », „ , 104. 
p- „ „ chloride, 78, 104. 
5-Chloro-l-phenyl-3-methylpyrazolone, mercuration of, 213-
2-Chlorotoluene-5-sulphonic acid, mercuration of, 109. 

Cinnamic acid, mercuration of, 161, 176. 
Citraconic acid, „ , , , 67. 

a-Cravoxy-propionic acid, mercuration of, 191. 
o-Cresol „ „ „ „ , 137,149. 
p- „ „ „ „ „ , 137, 149. 
p- „ methyl ether, mercuration of, 137; 150. 

Crotonic acid, mercuration of, 67. 
Cumylmercuric chloride, 95. 
Cyanoacetio acid and esters, mercuration of, 62. 

6-Cyanomercuri methyl-2 : 4-diphenyl-selenophene, 217. 
1- „ „ „ -1 :2-dihydrobenzofurane, 217. 
l-Cyanomercurimethyl-4-methyl-l : 2-dihydrobenzofurane, 217. 

Gyanomercuri-salicylic acid, 168. 
Qjrclohexenecarboxylic ester, mercuration of, 68. 
Cyclohexylmercuric bromide, 95. 

„ „ chloride, 87, 95. 
„ „ cyanide, iodide, sulphide, 96. 
,, mercury compounds, 81, 95, 96. 

Cyclomercuri pentamethylene, 208. 
Cyclomercuri polymethylenes, 208-210. 
Cyelopentadiene, reaction with mercuric chloride, 190. 
Diaeetoxymercuri-aceto-o-toluidide, chloride, bromide, iodide, 130. 

v n » -Wr » 131. 
2 : 5 - „ „ „ -m- „ 131. 

J^-isoDiaeetoxyraercuri-^-amiaobenzoic ethyl ester, 162,173, 174. 
Diacetoxymercuri-p-aminobenzoic acid ethyl ester, dichloride, acetyl derivative,176. 

(2 : 4- „ „ -a-amirto) propionic ethyl ester, 127. 
2 : 6 - „ „ -jtwoamylphenol, 153. 
2 : 4 - „ „ aniline and acetyl derivative, 116,117. 
2 : 4 - „ „ anisole, 142. 

2tf-JsoBiacetoxymercuri-anthranilic methyl ester, 162, 168. 
2 : 4-Diacetoxymercuri-anthranilic methyl ester, 169. 
2 : 6 - „ „ ~jp-fer£.-butylphenol, 153. 

„ „ carvacrol, 152. 
4 : 6 - „ „ -o-chloroaniline, 117. 
4 : 5 - „ „ -o- „ „ and acetyl derivative, 117, 118. 
2 : 6 - „ „ -jp-cresol, 149. 
2 : 6 - „ „ -p~ „ compound with diazotised sulphanilic acid, 206. 
4 : 6 - „ „ -o-cresol, chloride, nitrate, 149. 

» „ -o-cresolphthalein, 207. 
3 - 5 - „ „ dimercuri-4-hydroxybenzaldehyde, 194. 

» » » -2-nitro-3-hydroxybenzaldehyde, 195. 
3 i 4 - »> » -4-ethoxy-l-diacetoxymercuripheriyl-2:3-dimethyl-5-pyrazalone, 

4 : 6 - „ „ guaiacol and derivatives, 154. 
2 : 6 - „ „ -^-hydroxyphenyl-trimethylammonium acetate, 148. 
3 : 4 : " » » -4-methoxy-l-iacetoxymercuriphenyl-2:3-dimethyl-5-pyrazo-

lone, 210. 
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3:4-Diacetoxymerouri-4-methoxy-l-diacetoxymercuriphenyl-3~methyl-2-etliyl-5-pyra-
zolone, 211. 

3 : 4 - » » -4-methoxy-l-acetoxymercuriphenyl - 3 - methyl - 5 - pyrazolone 
and dichloro compound, 212. 

3- „ „ -4-methoxy-l-diacetoxymercuriphenyl - 3 - methyl - 5 - pyra
zolone, 212. 

3 : 4 - „ „ -4-methoxy-l-[diacetoxymercuri-o-tolyl]-3-methyl - 2 - ethyl-
pyrazolone, 211. 

3 • 4- „ , -4-methoxy-l-[diacetoxymercuri-#-tolyl]-2:3-dimethyl-5-pyrazo-
lone, 211. 

„ „ -iV-methylthiodiphenylamine, 126. 
2 : 4 - „ „ -a-naphthol, 138, 1ST. 
2 : 4 - „ „ -a-naphthylamine, 111, 132. 
o-p- „ „ -TO-nitroaniline, and acetyl derivative, 119. 

2 : 6 - „ „ -p- „ „ , 120. 
„ „ -5-nitrosalioylic acid, 168. 

2 : 4-Diacetoxyniercuri phenetole, 144. 
» » phenol, dichloride, 140. 

(2:4-Diacetoxymercuriphenyl-a-amino) butyric ethyl ester, dichloride, dibromide, 
di-iodide, 128. 

( „ „ » ., ) wovalerianic ethyl ester, 128. 
4 : 6-Diacetoxyniercuri resorcinol dimethyl ether, 138,156. 
2 : 5 - „ „ salicylal aniline, 193. 
3 : 5 - „ „ salicylaldehyde, 192. 
2 : 5 - „ „ thiophene, 98. 
2 : 6 - „ „ thymol, sodium salt, anhydri&e, hydroxide, chloride, nitrate, 151. 

„ -o-toluidine, 129. 
2: 5- „ ,, -m- „ , hydroxide, chloride, bromide, 130. 

» -w- „ „ „ „ , 130. 
„ -o-tolylglycine ethyl ester, 129. 
„ - 2 : 4 : 6-tribromobenzeneazo-phenoI, 203. 

Diallyl barbituric acid, mercuration of, 68. 
Diazo-acetic esters, „ „ , 65. 
Dibenzalacetone, „ „ , 197. 
Dibromoethylene, reaction with mercuric cyanide, 188. 
Dibromofluorescein, mercuration of, 208. 
Dibromomercuri-di-isopropyl ether, iodide, 185. 

2 : 4-Dichloroaniline, mercuration of, 118. 
2 : 5-DichIorobenzene sulphonic acid, mercuration of, 109. 
3 :5-Dicblorodimercuri-4-hydroxybenzaJdehyde, 194. 
2 : 6 - „ „ -4-nitro-3-hydroxybenzaldehyde, 195. 

$;;/w2..-Dichloroethylene, reaction with mercuric cyanide, 188. 
(4 : 6) ?-Dichloromercuri-m-aminophenyl-trimethylammonium acetate, 149. 

„ „ benzophenone, 198. 
4 : 6 - „ ,, -o-chloraniline and acetyl deriv., 117. 
4 : 5 - „ „ -o- t) „ , 118. 

„ „ cyclopentadiene, 190. 
2 : 5 - „ „ 3:4-dimethylthiophene, 85, 102. 
2 : 5 - „ „ 3-ethylthiophene, 86. 

„ „ fluorescein, 208. 
3 : 5 - „ „ -o-hydroxyphenyl-trimethylammonium anhydride, 148. 

(2 : 4- „ ,, phenyl-a-amino) propionic ethyl ester, 128. 
3 : 5 - „ „ pyridine, 213. 

„ „ resorcinol, 138,166. 
2 : 5 - „ „ thiophene, 84. 98. 

„ „ „ „ , reactions of, 70. 
Dichloromonohydroxy-trimercuri-acetic acid, 188. 
Dicyclopentadiene, reaction with mercuric chloride, 190. 
•p-Diethylaminophenylmercuric acetate, chloride, oxide, hydroxide, quaternary 

ammonium compound, 124. 
Diethylaniline, mercuration of, 124. 
Diethyl diallylmalonate, mercuration of, 68. 
Diethyl o-phenylenediacrylate, mercuration of, 68. 

2 : 6-Diformoxydimercuri-4-nitro-3-hydxoxybenzaldehyde, 195. 
3 :5-Dihydroxydimercuri-4-hydroxybeiazaldehyde, 194, 
" " .4-imino-dihydropyrimidine-3-acetic acid, mercuration of, 192. »» 
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Mrydronaphthalene, mercuration of, 103. 
Dihydroxybenzofurane, mercury derivatives of, 215. 

2 : 4-Dihydroxymereuri aniline, 117. 
„ -anthranilic anhydride, 170. 

4 ; 6- „ ,, -o-chloroaniline, 117. 
4 : 5 „ „ -o- „ „ 118. 

„ -dihydroxyazobenzene sulphonic acid, 204. 
„ fluorescein, 207. 
„ hydroxyazobenzene sulphonic acid, 204. 
„ -iodomercuri acetic acid and derivatives- 61. 
„ -/3-naphthol-azobenzene sulphonic acid, 204. 

(2 : 4-I>ihydroxymercuriphenyl-a-amino) butyric anhydride, 128. 
C „ » » » » ) propionic „ ,128. 

Dihydroxymercuri-o-toluidine, acetate, chloride, bromide, iodide, acetotoluiaicie, 
130. 

1: 8-Dihydroxynaphthalene-3 : 6-disulphonic acid, reaction with mercuric salts, 158. 
aa-Di-iodomercuri camphor, 198. 
^-Bimethylaminonaphthalene-6-sulphonic acid, reaction with mercuric acetate, 

134. 
m-Dimethylaminophenol, 137, 147. 
m-Dimethylaminophenyl acetate, 147. 

#-Dimethylaminophenylmercuric acetate, methiodide, methochloride, 121. 
„ „ „ „ , quaternary ammonium compound, 121. 

chloride, 111, 121, 122. 
„ „ „ hydroxide, 121, 122. 

Dimethylaniline, mercuration of, 121. 
„ anthranilic methyl ester, mercuration of, 172. 

Dimethylheptenol, mercuration of, 201. 
4 : 6-Dimercuri-bis-o-chloroaniline, 117. 
4 : 5 - ., „ „ , 118. 

Dimercurimethylene iodide, 40, 45. 
Dimercury-bis-diphenyl, 81. 

„ -3 : 3'(or 4')-diethyl~2 : 2 ' : 5 : 5^dithienylene, 85. . 
„ -2 : 2'-5 : S'-dithienylene, 84. 
„ - 3 : 4 : 3 ' : 4'-tetramethyl-2 : 2 ' : 5 : S'-dithienylene, 85. 

2 : 4-Dinitrodimercuribenzylidene oxide, 107. 
4 : 6-Dinitrophenol, mercuration of, 136,146. 

Diphenic acid, mercuration of, 68. 
Diphenyl, mercury derivatives of, 81. 
Diphenylamine, mercuration of, 125. 
Di(phenylmercuri)-amine, compounds of, 91, 92. 
Diphenylmethyl ketone, mercuration of, 196. 

2 : 4-Diphenyl-selenophene, mercury derivatives of., 217. 
2 :4-Dipropionoxydimercuri-6-nitro-3-hydroxybenzaldehyde, 195. 

Dipropylene oxide dimercuric hydroxide and salts, 61, 52. 
Ethane hexamercarbide, 47, 50, 53. 

„ „ „ , dihalides, perchlorate, dinitrate, sulphate, picrate, 48. 
„ „ „ hexachloride, hexa-iodide, 48, 49. 

Ethanol mercuric chloride, sulphide, sulphate, 181, 182. 
„ „ bromide, 58, 181. 

Ethene mercuric iodide, hydroxide, anhydride, nitrate, sulphide, 182. 
Ethyl acetoxymercuri-ethoxy-chaulmoograte, 68. 
Ethyl alcohol, mercuration of, 47. 

^-Ethylaminophenylmercuric acetate, chloride, 123. 
„ „ hydroxide, quaternary ammonium compound, 123. 

Ethylanthranilic ethyl ester, mercuration of, 172. 
Ethyl M-butylacetylene, mercury derivatives of, 188. 
Ethyl chloromercuri-act-nitro-aeetate, 63. 
Ethyl diallyl acetate, mercuration of, 68. 
Ethyl diphenylamine-2-carhoxylate, mercuration of, 68. 
Ethylene, reaction with mercuric salts, 181-184. 
Ethyl ether mercuric chloride, carbonate, 182. 

„ „ „ bromide, 183. 
Ethylhexenol, mercuration of, 203. 
Ethyl hydroxymercuri-ac*-nitro-acetate anhydride, 63. 
Ethyl hydrazinecarboxylate, mercuration of, 191. 



SUBJECT INDEX. 395 
Ethyl mercuric ethyl xanthate, 191. 

acetate, bromide, 34. 
chloride, 33, 35, 41, 42, S7. 
hydroxide, 35, 41, 42. 
iodide, 21, 30, 33, 35, 42. 
2 : 4 : 6-trinitrophenyl, 42. 

Ethyl propyl acetylene, mercury derivatives of, 1S8. 
Ethyl tlnomercuric chloride, 88. 
Eugenol methyl ether, mercuration of, 137, 155, 
Fluorescein, mercury derivatives of, 207. 
Eormic acid. „ „ „ , 58. 
Eurane, mercuration of, 213. 
Guaiacol, mercuration of, 154. 

ct-Guaiacol-propionic acid, mercuration of, 191. 
4-Halidemercuri-2-nitrophenols, 145. 
6- „ :, -2- „ , 145. 

Halogenated benzenes, mercuration of, 104. 
w-Heptylmercuric bromide, 44. 
%-Hexylmercuric bromide, 44. 

: 4 : 6 : 2 ' : 4 ' : 6'-Hexanitrodiphenyl, reaction with mercuric chloride, 105. 
Hydrazines, mercuration of, 191, 192. 

2-Hydroxy-3-acctoxymercuric-5-is0amylbenzaldehyde, 196. 
2- „ -3- „ „ -5-2ertf .-butylbenzaldehyde, 195. 
4- „ -3- „ „ -l-triacetoxymercuri-phenyl-2 : 3 : 4-trimethyl-5-pyra

zolone, '212. 
2- „ -5-i5oamylben^aldehyde, mercuration of, 196. 

Hydroxyazobenzenes, mercury derivatives of, 205, 206, 
3-Hydroxybenzaldehyde, mercuration of, 193. 
P~ J? n a J7»iy*. 

3-Hydroxy-5-te?^.-butylbenzaldehyde, mercuration of, 195. 
4- „ -3-chloromercuri-1 -trichloromercuriphenyl-2:3 : 4-trimethyl-5-pyrazolone, 

212. 
Hydroxydimercuri-acetic acid and derivatives, 59. 
Hydroxymercuri-acetic acid, anhydride of, salts of, 59, 60. 
Hydroxymercuri~aceto-#-toluidide anhydride, 131. 

„ „ -acetoxymercuri-benzeneazo-phenol anhydride, 203. 
„ „ „ „ -4-nitro-3-hydroxybenzaldehyde, 195. 
it »J *» as "** I* " o - ,) j) i y o . 

-2- „ „ -thiophene, 101. 
-^-aminobenzoic anhydride, 162, 175. 
-2-anisylindole, 214. 
anthranilic anhydride, 170. 
benzoic acid, anhydride of, 162, 164. 

„ «, , salts of, 163. 
-2-carboxyl-l-methylindole, 214. 
o-chloroaniline, 117. 
-p- „ „ , 118. 
cyanoacetic acid, salts, ethyl and methyl ester, 62. 
cfiacetoxymercuri acetic acid, anhydride of, 60. 

„ „ „ „ , nitro-acetate from, 60. 
„ „ -dibromofluorescein, 208. 

6- „ „ -2:4-dichloroaniUne, 118. 
2- „ „ -4 : 6-dinitrophenol and sodium salt, 146. 

„ „ -ethoxy-chaulmoogric acid, anhydride of, 68. 
ethyl malonic methyl ester, 66. 
fluorescein, 207. 
-/?-hydroxy-«-butyric acid, anhydride of, 67. 
-jS-hydxoxypropionic acid, anhydride of, 66. 
-^-hydroxy-^-phenylpropionic acid, anhydride of, 162, 176. 
-2-hydroxyquinoline-8-carboxylic acid, 214. 
-8- „ „ -5-sulphonic acid, 215. 
-o-iodoaniline, 118. 
-p- „ , 118. 
-iS-methoxy-/5-phenylpropionio acid, anhydride of, 162t 177, 

178. 
-methylanthranilic anhydride, 171. 
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1-Hydroxymerciirimethyl-l: 2-dmydrobenzofurane, 216. 
1- tr „ „ -6-methyl-l: 2-dihydrobenzofurane, 217. 
1- „ „ „ -4- „ -1 :2 „ „ „ , 217. 

Hydroxymercuri methyl malonic esoer, 65. 
„ „ „ ., methyl ester, Oo. 

2- „ „ -naphthionic acid, sodium salt, 134. 
o- „ „ -p-nitrobenzoic acid, 161, 165. 
3- „ „ -4-ae»-nitro-2 : 6-dinitrophenol, anhydride and derivatives, 146, 

147. 
5- „ „ -3-nitro-4-hydxoxybenzaldehyde, 194. 
4- „ „ -2-rritrophenol and sodium salt, 144. 
4- „ „ -2-aci-nitrophenol, anhydride of, 144. 
2- „ „ -4-aei- „ , anhydride of, pyridine double salt, 145. 
2- „ „ -4-nitrophenol, sodium salt, 145. 
2- „ „ -4-aa-nitro-6-nitrophenol, anhydride, and derivatives, 146. 

„ „ phenolphthalein, 207. 
2- „ „ phenylglycine anhydride, 127. 

„ „ -2-phenylqtunoline-4-carboxylic acid, sodium salt, 215. 
a- „ ,, propionic acid, anhydride of, 65. 

3- „ „ -salicylic acid, anhydride of, 162,166. 
„ „ „ „ ,» , ammonium salt, 166. 

„ „ -salicylsulphone-phthalein, 208. 
o- „ „ thiolbenzoie acid, anhydride of, 165. 

„ „ -o-tolylglycine anhydride, 129. 
4-Hydroxy-2-methyl-5-«>opropylbenzaldehyde, mercuration of, 152. 
4- „ -3- „ -6- „ „ *, , , , loo. 

/^Hydroxynaphthoic acid, mercuration of, 161, 178, 179. 
„ „ „ -4 : 7-disulphonic acid, mercuration of, 179. 

^-Hydroxy- w-nitrophenyl carbinol, mercuration of, 159. 
m-Hydroxyphenyl-trimethylammonium hydroxide, mercuration of, 137,148. 

8-Hydroxyquinoline, mercury derivatives of, 215. 
Indandione, mercuration of, 198. 
Indole, mercury derivatives of, 214. 

5-Iodo-acetylguaiacol, mercuration of, 154. 
o-Iodoaniline, mercuration of, 118. 
^-Iodobenzene sulphonic acid, mercuration of, 109. 
0-Iodomercuri anisole, 141. 

„ -anthranilic acid, 170. 
5- „ -2-bromothiophene, 99. 
5- „ -2-chlorothiophene, 98. 
a- „ cineol, 201. 
3- „ -2:5-dimethylthiophene, 102. 
2- „ -3:4- „ „ ,84. 
5- „ -2 :4-diphenylselenophene, 217. 
5- „ -2-ethylthiophene, 101. 
2- „ -3-hydroxy-tetrahydronaphthalone, 103. 
4- „ -o-iodoaniline, 118. 
2- „ -p- „ , 118. 
5- „ -2-iodothiophene, 99. 

„ -methylanthranilio acid, methyl ester, 162,168. 
l-Iodomercurimethyl-4-bromo-l: 2-dihydrobenzofurane, 216. 
l-Iodomercurimethyl-6-methyl-l : 2-dihydrobenzofurane, 216. 
« » »? ""- ,, „ „ 9) f 216. 
« " i> ~4- „ ,, „ „ , 216. 
5-Iodomercuri-2-methylthiophene, 101. 
4- „ -2-nitrotoluene, 107. 
o- „ phenetole, 143. 

3- „ pyridine, 213. 
a- „ feww-terpineol, 201. 
P- » » „ , 201. 
2- „ thiophene, 98,222. 

Iodomethylmercuric iodide, 45. 
33-Iodophenylmercuric acetate, 104. 

Itaconic acid, mercuration of, 67. 
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Ketones, mensuration of aliphatic, 54. 
Maleic acid, mercuration of, 67. 
Malonic acid and esters, mercuration of, 66. 

Z-Mentkyl cirxnamate, mercuration of, 178. 
o-Mercaptomercuri benzoic acid, 163. 

Ar-Mercuri-aniline, 113. 
^-Mercuri-bis-acetanilide, 125. 

„ -3-aminobenzoic acid, 173. 
2 : 2'- „ -4- „ „ „ 162, 173. 
6 :6 ' - „ -2- „ „ „ 172. 

„ -p- „ „ ethyl ester, 176. 
» -2- „ „ methyl ester, 161. 

2 ; 2'- „ -4-aminophenol, 147. 
p- „ -aniline, 114, 116. 

„ -o-anisole, 137, 141. 
-p- „ , 141. 

„ -anthranilic methyl ester. 171. 
o- „ -benzoic acid, 164. 
P- *> „ „ » 164. 
o- „ „ methyl ester, 164. 
p- „ benzylaniline, 124. 

„ -^-bromodimethylaniline, 123. 
p- „ -0-chloroaniline, 117. 
6- „ -2:4-dickloroaniline, 111, 118. 
p- „ -diethylaniline, 124. 
„ „ „ ,t , quaternary ammonium compound, 124. 
p- „ -dimethylaniline, 111, 121, 122. 
„ „ „ „ , condensation with thionyl chloride, 122. 
„ „ „ „ , quaternary ammonium compound, 122. 

„ -(dimethyl-^-toluidine), 132. 
p- „ diphenylamine, 125. 

„ (hydi'Oxymercuri-^-naphthol-azobcnzene-sulphonic acid), 204. 
„ -TO-hydi'Oxyphenyl-trimethylammonium acetate, 148. 

p- „ -methyldiphenylamine, 126. 
p- 7, - monoethy lani If ne, 123. 
„ „ -monomethylaniline, 111, 121. 
o- „ -^-nitroaniline, 120. 

„ (nitrobenzene-azosalicylic acid), 205. 
o- „ -#-nitrobenzoic acid and sodium salt, 165. 

2 ; 2'- „ -4-nitrophenol, 146. 
„ -o-phenetole, 143. 
» -p- » * 143. 
„ -o-phenol, 137, 140. 
„ „ „ diacetate., 139. 
„ -salicylic acid, 166. 
„ „ „ ethyl ester, 168. 
„ „ „ methyl ester, 167. 
„ -o-thiolbenzoic acid, 161,165. 
„ -#-toluidine, 131. 
„ „ „ , condensation with dinitrophenylpyridinium chloride, 131. 

Mercuric alkyl xanthates, 190. 
a-Mercuri camphor oxide, 200. 

4 : 6 - „ -o-ohloroaniline, 117. 
4 : 5 - „ „ „ „ , 118. 

a- „ -di-^-anhydrohydroxy-^-phenylpropionic acid, 162,17S. 
„ diethylene oxide, 183. 

1:1-Mercuridimethylenc-bis-l: 2~dihydrobenzofurane, 216. 
1 ; 1- „ ' „ -bis-4-methyl-l : 2-dihydrobenzofurane, 217. 

a- & /S-Mercuridinicthylheptanediol iodides, 201, 202. 
Mcrcuri-hydroxymercuri-acetic acid, 60, 61. 

3 : 3'- „ -mercazine, 12G. 
Mercuriphenyl-^-naphthylamine, 133. 
Mercuro-diethylene oxide, 183. 
Mercury jp-anisyl acetylide, 189. 
Mercury, aromatic compounds of types, R2Hg, RHgR', EHgX, 69, 

„ benzyl acetylide, 189. 
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Mercury, bis-aceto-diethylmethane, 65. 
,, bis-acetodimethytme thane, 64. 
„ bis-a-acetyl-a-e thy lpropyl, 65. 
„ bis-a-acetyl-a-isopropyl, 64. 
„ bis-benzoylmethane, 63. 
„ bis-diazo-acetic ethyl and. methyl esters, Q5. 
„ -bis-3-dinitro(?)-mercazine, 126. 
„ bis-diphenyl, 69, 81. 
„ bis-malonic methyl ester, 66. 
„ bis-propionic acid, Q5. 
„ bromoacetylide, 188. 
„ butyl isoamyl, 87. 
„ „ phenyl, 87. 
„ chloroacetylide, 188. 
„ di-isoamyl, 25, 44, 38, 360. 
„ di-teri-amyl, 29, 38. 
„ 5 : 5'-di-isoamyl-2 : 2'-dithienyl, 5.3, 100. 
„ dibenzyl, 69-71, 79, 86, 95. 

5 : 5'-dibenzyl-2 : 2'-dithienyl, 83, 101. 
5 : 5'-dibromo-2 : 2'- „ , 83, 100. 

„ di-^-bromophenyl, 69, 78. 
di-^-butyl, 29, 37. 
di-isobutyl, 29, 37. 
di-sec-butyl, 29, 30, 3?". 
di-teJl-butyl, 29, 38. 
5 : 5^dichloro-2 ; 2'-dithienyl, 83, 99, 100. 

„ 5 : S'-dichloromercuri^ : 2'-dithienyl, 84. 
„ di-#-chlorophenyl, 69, 78. 
„ dicumyl, 81. 
„ dicyclohexyl, 69, 81, 95, 

diethyl, 4, 16, 21, 29, 30, 33, 34, 41, 42, 69, 71. 
„ „ , action of metals and metallic chlorides on, 30. 
„ di-w-heptyl, 39. 

5 :.5'-di-iodo-2 : 2'-dithienyl, 83, 100. 
„ dimesityl, 80. 

^dimethyl, 3-5, 15, 29, 30, 34, 39-41, 232. 
„ „ , action of metals and metallic chlorides on, 30. 
„ di-4-methylcyclohexyl, 81. 
;, 5 : 5'-dimethyl-2 : 2'-dithienyl, 83, 101. 

di-ct-naphthyl, 69, 70, 81, 96, 228. 
„ di-/3-naphthyl, 69, 82. 
„ o-o'-dinitrodiphenyl, 105. 
„ di-o-nitrophenyl, 69, 78. 
„ di-n-QGtyl, 30, 39, 44. 
„ di-sec-octyl, 29, 39. 
„ dipentamethylphenyl. 80. 

diphenyl, 5, 6,12,13,15, 16, 26, 69, 71, 72-74, 78, 86-89, 91-93, 220, 227, 
234, 235, 242, 268, 298, 324. 

S) „ , reactions of, 74-77. 
di-rc-propyl, 29, 30, 36, 43, 360. 
&U\sopropyl, 29, 37. 
5 : 5'-di-?&-prQpyl-2 : 2'-dithienyl, 83. 
dipseudoeumyl, 69, 80, 95. 
2 :2'~dithienyl, 70, 82, 98, 222. 
di-o-tolyl, 69, 71, 78, 86, 93. 
„ -m- „ , 69, 78, 93. 
,,-p- „ ,15,69,75,93,94. 
di-o-xylyl, 80. 
„ -m- „ , 69, 80, 228. 
,,-P- „ ,80. 
ethyl benzyl, 71, 85, 87. 

„ naphthyl, 29, 87. 
„ phenyl, 71, 85. 

fulminate, 53. 
hexahydrobenzyl acetylide, 189. 
2 : 4 : 6 : 2 ' : 4 ' : 6'-hexanitrodiphenyl, 78. 

31 
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Mercury iodoform, 45. 
„ methyl benzyl, 87. 

butyl, $7. 
,, „ cyclohexyl, 87. 
„ „ mesityl, 87. 
„ „ naphthyl, 87. 
„ „ phenyl, 87. 
„ phenoxymethyl acetylide, 189. 
„ phenyl acetylide, 189. 
„ „ o-anisyl, 87. 
„ „ benzyl, 85. 
,, „ cyclohexyl, 87. 
„ „ ethyl acetylide, 189. 
„ „ mesityl, 87. 
„ » naphthyl, 87. 

thienyl, 86. 
„ #-tolyl, 86, 87. 

„ propyl butyl, 87. 
3 : 4 : 3 ' : 4'~tetramethyl-2 : 2'-dithienyl, 84. 
3 : 5 : 3 ' : 5'- „ „ -2 : 2'- „ , 84. 
2 : 5 : 2 ' : 5'- „ „ -3 : 3'- „ , 84. 
2 ; 4 : 2 ' : 4 ' - „ „ -5:5'- „ ,103. 
2 : 4 : 2 ' : 4'-tetranitrodibenzyl, 80. 
2 : 5 : 2 ' : 5'-tetraphenyl-3 : 3'-dithienyl, 84, 103. 

„ prolyl acetylide, 189. 
o-tolyl benzyl, 86,11. 

„ tribromoethylene, 189. 
„ trichloroethylene, 189. 

Mesitylmercuric chloride, 87, 95. 
Methine trimercuric iodide, 45. 
Methyl acetylene, interaction with mercuric salts, 187, 188. 

^-Methylammophenylmercuric acetate, bromide, chloride, hydroxide, nitrate, sul
phate, 120, 121. 

Methylanthranilic methyl ester, mercuration of, 171. 
Methyl chavicol, mercuration of, 143. 

4-Methylcyclohexylmercuric chloride, bromide, cyanide, hydroxide, iodide, 96. 
Methylene blue, mercuration of, 206. 
Methylene dimercuric iodide, 45. 
Methyl ethyl ketone, mercury derivatives of, 57. 
Methylheptenone oxime, mercuration of, 202. 
Methyl hydrazine carboxylate, mercuration of, 192. 

iV-Methylindole, mercuration of, 214. 
2-Methylindole, „ „ , 214. 

Methylketole, „ „ , 214. 
Methylmercuric acetate, 32, 4L 

chloride, 32, 39, 87. 
„ „ hydroxide, 39,41. 

iodide, 21, 29-33, 40, 46. 
„ „ salts, 39-41. 
„ „ ethyl and methyl xanthate, 191. 

Methylphthalylindole, mercuration of, 214. 
3-Methyl-5-pyrazolone, „ „ , 213. 

iV-Methylthiodiphenylamine, mercuration of, 126. 
Monoacetoxymercuri-furane, 214. 
Monoalkylanilines, mercuration of, 120. 
Monobromoethylene, reaction with mercuric acetate, 190. 
Monochloroacetic acid, sodium salt, reaction with mercuric oxide, 62. 
Monoohloroacetone, reaction with mercuric sulphate, 54. 
Monochloromercuri-6-nitro-3-hydroxybenzaldehyde, 195. 
Monoethylaniline, mercuration of, 123. 
Monoformoxymercuri-4-nitro-3-hydroxybenzaldehyde, 195. 
Monomercuric methylene iodide, 45. 

„ „ chloro-iodide, 45. 
Monomethylaminonaphthalene-6-sulphonic acid, reaction with mercuric acetate, 

134. 
Monomethylaniline, mescuxatiox). of, 120. -
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1-
1-
2 

Naphthionic acid, mercuration of, 134. 
ot-Naphthol, mercuration of, 156. 
8- „ „ „ , 158. 

fatty acids, mercuration of, 191. 
-4-sulphonic acid, mercuration of, 157. 
-5- „ „ , reaction with mercuric acetate, 157. 
-6- „ „ , mercuration of, 158. 

Naphthylamin.es, mercuration of, 132. 
Naphthylamine sulphonic acids, mercuration of, 133, 134, 

/?-NaphthyIamme, „ „ „ 9J, 111. 
„ „ „ -6-sulphonic acid, mercuration of, 111, 133. 
5- „ „ -sulphonic acid, mercuration of, 111, 134. 
cc-Naphthylmercuric acetate, 96. 

bromide, 29, 33, 81, 96. 
butyrate, 97. 
chloride, 71, 82, 87, 96, 231. 
formate, 97. 
iodide, 82, 96. 
nitrate, 72, 82, 97. 
sulphide, thiocyanate, 97. 

Naphthyl mercury compounds, 81, 82, 96, 97. 
Nitrito-dimercuracetaldehyde, 53, 187. 

o- Nitro -2?-acetoxymercuri dimethylaniline, chloride, 123. 
p- „ -o- „ „ monoethylardline, chloride, 123. 
„ „ „ „ „ monomethylaniline, 121, 123. 
o-Nitroaniline, mercuration of, 118. 

wt- „ „ „ „ , i iy . 
p- „ » » „ , 119, 120. 

»» 
»» 

- 217. 
1-jp- „ „ „ " -6-methyl-l : 2-dihydrobenzofurane, 217. 

Nitrobenzene, mercuration of, 104, 105. 
m- „ „ sulphonic acid, mercuration of, 109. 

Nitrobenzoic acids, mercuration of, 165, 166. 
o-Nitrobenzylmercuric chloride, 106. 
P- » „ ,, , 107. 
#-Nitro-o-chloromercuri monomethylaniline, 121. 
o-Nitrodimercuribenzylidene oxide and salts, 106. 
3-Nitro-4-hydroxybenzaldehyde, mercuration of, 194. 
t>- „ -a- „ „ „ „ , 194. 
4- „ -6- „ „ „ „ , iyo. 
o-Nitrophenol, mercuration of, 136, 144. 
P- » » „ > 145. 
o-Nitrophenylmercuric chloride, 104. 

m- „ „ „ , 105. 
P- » :J „ , 105. 
2-Nitroresorcinol, mercuration of, 156. 
5-Nitrosalicylaldehyde, mercuration of, 192. 
" • »» >» a , , , l y ^ . 

5-Nitrosalicylic acid, „ „ , 168. 
^-Nitroso-o-ohloromercuri aniline, 137, 139. 

phenol, 137, 139. 
Nitrotoluenes, mercuration of, 72, 105-108. 

w-Octylacetylene, mercuration of, 188. 
sec.-Octylmercuric bromide, 30, 44. 

7i- „ „ hydroxide and salts, 44. 
Olefines, mercuration of, 180-185. 
Oleic acid, ethyl ester, mercuration of, 68, 

1-Oxalato-di-mercurimethyl-l : 2-dihydrobenzofurane, 217. 
Oxindone, mercury derivatives of, 198. 
Penta-acetoxymercuri-acetanilide, 14, 125. 
Pentamethylene-1 :5-dimereuri-dibromide, dichloride, dihydroxide* di-iodade^ 

acetylide, sulphate, sulphide, 209, 210. 
Pentamethylene-1 :5-dimercuridiphenyl, 210. 
Perchloratomerouracetaldehyde, 53, 187. 
Phenacylmerouric chloride, 63,196. 

Naphthylamin.es
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Phenetole, merouration of, 137,143. 
Phenol, „ „ , 136, 139. 

„ disulphonic acid, merouration of, 166. 
Phenolphthalein, merouration of, 207. 
Phenylacetylene, mercury derivatives of, 189. 
Phenyl o-chloromercuriphenyl ethyl carbinol, 197, 
Phenyldimethylpyrazolone, merouration of, 210. 
Phenylethylene, mercury derivatives of, 190. 
Phenylethylmethylpyrazolone, merouration of, 211. 
Phenylmercuriamine acetate, chloride, cyanamide, nitrate, sulphate, 92. 
Phenylmercuric acetate, 72, 74, 75, 90. 

„ „ amine, 328. 
„ „ bromide, 73, 75, 88. 
„ „ carbonate, 90. 

„ chloride, 71, 74-77, 86, 87. 
„ „ cyanide, hydroxide, 89. 
„ „ formate, 90. 

„ iodide, 73-76, 89. 
„ „ myristate, propionate, 91. 
„ „ nitrate, 72, 75, 90. 
„ „ oxide, 75. 
„ „ sulphide, 73, 91. 
„ „ thiocarbonate, thiosulphate, 73, 91. 
„ „ thiocyanate, 74, 89. 
„ „ trinitrobenzoate, 78. 

Phenyl mercury compounds, 72-78, 85-92. 
- 2 : 4 : 6-trinitrophenyl, 78, 88. 

l-Phenyl-3~methyl-5-pyrazolone, merouration of, 212. 
I- , ,-2:3:4-trimethyl-5-pyrazoIone, merouration of, 212. 

Phthaleins, merouration of, 207. 
Picric acid, „ „ , 137, 146. 

Z-Pinene, reaction with mercuric acetate, 200. 
Propanol mercuric chloride, bromide, hydrosulphide, iodide, sulphide, 185. 
Propargylmercuric iodide, 45. 
Propionic acid, merouration of, 65. 
Propionoxymercuri-4-nitro-3-hydroxybenzaldehyde, 195. 
Propyl alcohol, merouration of, 47. 
Propylene, reaction with mercuric salts, 184, 185. 
Propylene glycol mercuric bromide, iodide, 51, 

iso-Propyl hydroxymercuri-aa-nitro-acetate anhydride, 64. 
w-Propylmercuric bromide, 36, 43. 

chloride, 37, 43, 87, 360. 
„ „ „ ethyl xanthate, 191. 
„ „ „ hydroxide and salts, 43. 

iso- „ „ „ „ , 4o. 
Pseudocumylmercuric chloride, bromide, iodide, 95. 
Purine derivatives, merouration of, 68. 
Pyrazolones, merouration of, 210-213. 
Pyridine, „ „ , 213. 
Pyrimidine, reaction with mercuric oxide, 192. 
Pyrrole, merouration of, 213. 
Quinoline, merouration of, 214. 

„ -8-sulphonic acid, merouration of, 215. 
Qumone-(l)-imide aci-(2)-nitro-(4)-mercury, 119. 
Resorcinol, merouration of, 155. 

„ dimethyl ether, merouration of, 156. 
Safrol, merouration of, 137, 154, 

£so-Safrol, reaction with mercuric acetate, 155. 
Salicylaldehyde, merouration of, 192,193. 
Salicyl red, merouration of, 208. 
Salicylic acid and esters, merouration of, 166-168. 
SaJicyloxy-acetio acid, merouration of, 191. 
Salicylsulphone-phthalein, merouration of, 208. 
Salicylyl alcohol (saligenin), merouration of, 158. 
Sodium aiihydro^-hydroxy-S-hydroxymercuri-S-methyl-azobenzene^'-sulphonate, 

206. 

VOL. XI. : I . 2 6 
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Sodium ^-bromobenzene sulphonate, mercuration of, 109. 
„ -S-cbloromercuri^-hydroxy-azobenzene^'-sulphonate, 205. 
„ -6-hydroxymercuri-2-nitrophenoIate, 145. 

1-Sodiumthiosulphatomercurimetliyl-l : 2-dihydrobenzofurane, 217. 
„ „ „ „ -4-methyl-l: 2-dmydrobenzofurane, 217. 

Sodium ^-toluene sulphonate, mercuration of, 109. 
Starch, mercuration of, 47, 50. 
Stearolic acid ester, mercuration of, 68. 
Styrol, reaction with mercuric acetate, 190. 
Styryl ethyl ether, reaction with mercuric acetate, 190. 
Sulphatomercuri-dimethy]anthranilic acid, chloride;, 172. 

1 : 1-Sulphato-mercuridimethylene-bis-l: 2-dihydrobenzofurane, 216. 
o-Sulphidomercuribenzoic acid, 161, 164. 
„ „ „ „ methyl ester, 164. 
o-Sulphidomercuribenzoyl chloride, 164. 

Sulphidomercuri-salicylic methyl ester, 161,167. 
Sulphonic acids, aromatic, mercuration of, 108, 156. 

1-Tartrato-di-mercurimethyl-l; 2-dihydrobenzofurane, 217. 
Tetra-acetoxymercuri-a-acetonaphthalide, 133. 

„ „ diacetone hydrate and salts, 55. 
„ „ fluorescein, 208. 
„ „ furane, 213. 

2 : 2 ' : 4 : i'-TetracUoromercuri-diphenylamine, 111, 125. 
Tetrachloromercuri-furane, 214. 
Tetrahydroxymercuri fluorescein, 208. 

„ „ furane, 213. 
Tetramethyldiaminotriphenylmethane-azo-o-chloromercuriphenol, 139, 

2 : 5 : 2 ' : 5'-Tetramethyl-3 : 3'-dithienyl, 70. 
Tetra (phenylmercuri) thiourea, 92. 

5-Thiocyanatomercuri-2-i5oamylthiophene, 100. 
-2-bromothiophene, 100. 
-2-chlorothiophene, 100. 
-2:5-dimethylthiophene, 103. 
-3 :4- „ „ , 102. 
- 2 : 3 - „ „ , 102. 
-2:4- „ „ , 103. 
-2:5-diphenylthiophene, 103. 
-2-ethylthiophene, 101. 
-2-iodothiophene, 100. 

1-Thiocyanatomercurimethyl-l : 2-dihydrobenzofurane, 217. 
1- „ „ „ -4-methyl-l: 2-dihydrobenzofurane, 217. 
5-Thiocyanatomercuri-2-methylthiophene, 101. 

2o r5 (? ) - „ „ -3- „ „ ,101. 
5- „ „ -2-?i-propylthiophene, 100. 
2- „ „ thiophene, 98. 

Thiolbenzoic acid, mercuration of, 165. 
Thiophene mercury compounds, 72, 82-85, 97-103. 
Thiosalicylic acid, mercuration of, 165. 
Thymol, „ „ , 137, 151. 

^-Thymolaldehyde, „ „ , 152. 
Thymoxyacetic acid, „ 191. 

^-Toluene sulphonic acid, mercuration of, 108. 
&" « 99 99 it J., ) 1 0 9 . 

Toluidines and toluidides, „ „ , 129. 
l-£>-Tolyl-2 : 3-dimethyl-5-pyrazolone, mercuration of, 211. 
l-o-Tolyl-3-methyl-2-ethyl-5-pyrazolone, „ „ , 211. 

Tolylglycine esters, mercuration of, 128. 
o-Tolylmereuric bromide, iodide, 92. 

chloride, 92, 229. 
nitrate, 72, 93. 
sulphide, 93. 
bromide, iodide, propionate, 93. 
chloride, 71, 93> 229. 
acetate, bromide, carbonate, mercaptan, 94. 
chloride, 71, 76, 78, 86, 87, 93, 161,163, 230. 
ethyl xanthate, 191. 
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p-Tolylmercuric iodide, 79, 94. 
„ „ methyl xanthate, 191. 
„ „ nitrate, 72, 94. 
„ „ 2:4:6-trinitrobenzoate, 79, 94. 
„ „ 2:4:6-trinitrophenyl, 94. 

Tolyl mercury 2 : 4 : 6 - ,: „ , 79. 
Tolyl mercury compounds, 78, 79, 92-94. 

2:4:6-Triacetoxymercuri-m-cMoroaniline, 118. 
„ „ phenolphthalein, 207. 
„ „ -m-tolylglycine ethyl ester, 129. 

Tribromoethylene, interaction with mercuric cyanide, 188. 
Trichloroethylene, „ „ „ , 185, 188. 
Trichloromercuri- acetaldehyde, 186. 

„ „ -acetic acid, 61, 288. 
„ „ acetone, 187, 

2:4:6- „ , -m-cHoroaniline, 118. 
„ 9t -methyl ethyl ketone, 188. 

Trihydroxymercuri-aeetio acid, 188. 
2:4:6- „ „ -m*chloroaniline, 118. 

„ „ phenolsulphone-phthalein, 207. 
Trimercuri-acetic acid, 48. 

„ -diacetone hydroxide and derivatives, 56, 57. 
„ -dialdehyde hydroxide, 53. 

2:4:6-Trinitrophenol, mercuration of, 146. 
2:4:6-Trinitrophenylmercuric chloride, 78, 105. 

Triolein, mercuration of, 146. 
Vanillin, mercuration of, 154. 
Vinyl oxymercurochloride, 186. 
VM-Xylylmercuric chloride, 80, 95. 
Xylyl mercury compounds, 80. 

Boron. 
iso-Amy\ boric acid, 224, 226. 
o-Anisyl boric acid, 230. 
Benzyl boric acid, 95, 23t 

„ „ „ , isobutyl ester, 231. 
Boron o-anisyl dichloride, 228. 

„ JP- „ » ,228. 
„ diethyl chloride, 224. 
„ „ ethylate, 225. 
„ „ hydroxide, 224. 
„ diphenyl bromide, 227. 

chloride, 76, 219, W, 228. 
„ „ fluoride, 219. 
„ a-naphthyl dichloride, 228. 
» P- » » , 2 % 231,232. 
„ o-phenetyl dichloride, 228. 
M P- ,» » ,228. 
„ phenyl dibromide, 228. 
„ „ dichloride, 227. 

„ difluoride, 219, 227. 
„ „ tetrachloride, 227. 
„ propyl oxide, 226. 
„ pseudocumyl dibromide, 228. 
„ o-tolyl dichloride, 228. 

p- „ dibromide, difluoride, 228. 
tri-«5oamyl, 224. 
trl-isobutyl, 224. 

„ triethyl, 219, 224, 225. 
„ „ ammine, 224. 
„ trimethyl, 223, 224. 
„ „ ammine, 223. 
„ triphenyl, 219, 226, 227. 

triphenyl-ammonia, methylamine, ethylamine, 226. 
„ -^-propylamine, dimethylamine, trimethylamine, 

99 

i t 
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Boron triphenyl-aniline, pyridine, quinoline, quinaldine, piperidine, phenyl 
hydrazine, 227. 

tri-^-propyl, 224, 225. 
o-xylyl dichloride, 228 
m- „ dibromide, 228. 
„ „ dichloride, 231, 
p- „ » ,228. 

^-Bromophenyl boric acid, 229. 
«so-Butyl boric acid, 226. 
23-Carboxy-phenyl boric acid, 230. 
^-Chloxophenyl boric acid, 229. 

Diethylboric acid, 224, 225. 
Diphenyl boric acid, 227, 228. 
Di-#-tolyl boric acid, 229. 
Ethyl boric acid, mono- and diethyl esters, 225. 

„ „ „ , compound with triethyl boric ester, 225. 
Methyl boric acid, 225. 

ct-Naphthyl boric acid and salts, 231. 
p- ,, ,, ,, ,f ,, , 2>d\. 
p~ „ „ „ „ „ , methyl ester, 231. 
a-Naphthyl boron oxide, 232. 

o-Phenetyl boric acid, 230. 
Phenyl boric acid, 88, 225, 228, 229. 

„ boron chloride, 76. 
„ boron oxide, 231. 

Propyl boric acid, 225. 
o-Tolyl boric acid, 92, 229. 

m- » „ », 93,229. 
m- „ „ „ isobutyl ester, 229. 
p- „ „ „ and salts, 92,230. 
o-Tolyl boron oxide, 231. 
P- ,, „ » ,231. 
o-Xylyl boric acid, 231. 
m~ 
P-
0-

m-
P-
P-

99 

It 

99 

77 

9} 

99 

3} 

„ ., and diethyl ester, 231. 
„ ,, , 261. 

boron oxide, 231. 
97 

9) 

99 

99 

» 9 231. 
„ , acid silver salt, 231. 
„ , 232. 
„ , acid silver salt, 232. 

Aluminium. 
Aluminium alkyl iodides, compounds with amines, 233, 234. 

diethyl iodide, 233. 
ethyl di-iodide, 233. 
tri-isoamyl, 233. 
tri-isobutyl, 233. 
triethyl, 36, 232. 

„ , compound with aluminium bromide, 232. 
triethyl-etherate, 233. 
trimethyl, 33, 232. 
triraethyl-etherate, 233. 
triphenyl, 76, 220, 234. 

„ , compound with ether, 234. 
tripropyl, 37, 232. 
tripropyl etherate, 233. 

Methylene bromide or iodide, aluminium derivatives of, 220, 234. 

Indium. 

Indium diphenyl chloride, 76, 220, 235. 
phenyl oxide, 235. 
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Thallium. 
Thallium compounds, comparison with gold, 4. 
Thallium di-isoamyl chloride, fluoride, 242. 

„ di-?i-butyl bromide, carbonate, chloride, fluoride, iodide, nitrate, sulphate. 
242. 

„ di-z'sobutyl chloride, nitrate, 242. 
„ di-sec.-butyl chloride, nitrate, 242. 
„ dicyclohexyl chloride, 243. 
„ diethyl acetate, 239. 
„ „ bromide, 222, 231. 
„ „ m-bromobenzoate, 239. 
„ „ carbonate, 238. 

„ chloride, 237, 238, 302. 
,-, ,- t chromate, 238. 
„ „ -4 : 6-dinitro-2-aminophenoxide, 240. 
„ „ dinitro-/?-naphthoxide, 241. 
„ „ -2 :4-dinitronaphthoxide-7-sulphonate, 241, 
„ „ -2 :4-dirritrophenoxide, 240. 

» -2 :6- „ „ , 240. 
„ „ dinitro-o-tolyloxide, 241. 
„ „ fluoride, 237. 
„ ,T hexarutrodiphenylamine, 240. 
„ „ ?i-hexoate, 239. 
„ „ hydrogen carbonate, 238. 
„ „ hydrosulphide, 238. 
„ „ hydroxide, 221. 

„ iodide, 237, 238. 
„ „ #>-iodobenzoate, 239. 
„ „ lactate, 239, 
„ „ nitrate, 238. 
„ „ nitrite, 238. 
„ ' „ #-nitrobenzoate, 239. 
„ „ o-nitrophenoxide, 239. 

m- „ „ , 239. 
» P- „ » ,239. 

„ „ a-nitroso-/?-naphthoxide, 241. 
„ . „ -4-nitrosophenoxide, 221, 240, 

-3-nitro-o-tolyloxide, 240. 
JJ 
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-5- ,j „ „ ,221,241 
-4- „ -m- „ , 240. 
-6- „ -m- „ ,240. 
-3- „ -#- „ ,240 
w-octoate, 239. 
phosphate, 238. 
propionate, 239. 
sulphate, 237, 238. 
thiocyanate, 238. 
trichloroacetate, 239. 
trioitro-a-naphthoxide, 241. 
2 : 4 : 6-trinitrophenoxide, 240. 
trinitro-w-tolyloxide, 241. 
valerate, 239. 

dimethyl acetate, 237. 
j > 

«J 

J J 

J J 

J J 

J J 

J J 

J J 

J J 

J J 

J J 

J J 

bromide, 235, 236. 
carbonate, 236. 
chloride, 221, 235. 
chromate, 236. 
-4 : 6-dinitro-2-aminophenoxide, 237.' 
fluoride, 235. 
hydrosulphide, 236. 
hydroxide, 236, 237. 
iodide, 235, 236. 
nitrate, 236. 
o-nitrophenoxide, 236. 
m- „ » ,221,236. 
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Thallium dimethyl p-nitrophenoxide, 237. 
„ „ -3-nitro-o-tolyloxide, 237. 
„ di-a-naphthyl bromide, 221, 243. 

chloride, 243, 360. 
,: diphenyl acetate, 244. 

acid butyrate, 221, 244. 
„ hexoate, 221, 244. • 
i9 propionate, 244. 
„ valerate, 244. 

bromide, 242. 
o-bromobenzoate, 244. 
m- „ „ , 244. 
^-butyrate, 244. 
chloride, 76, 222, 242, 245, 340, 360. 
chromate, 244. 
fluoride, 242. 
n-hexoate, 244. 
nitrate, 243, 244. 
nitrite, 243. 
p-nitrobenzoate, 244. 
o-nitrophenoxide, 244. 
P- „ „ , 244. 
a-nitroso-/?-naphthoxide, 244. 
w-octoate, 244. 
oxide, 243, 244. 
pyrophosphate, 244, 
trinitro-a-naphthoxide, 244. 
trmitro-m-tolyloxide, 244. ' 

„ di-#-tolyl bromide, 243. 
„ „ „ chloride, 243. 
>, di-o- „ „ , 243. 
„ dipropyl bromide, hydrosulphide, hydroxide, iodide, 241. 
„ „ chloride, 37,241. 
„ di-iaopropyl chloride, nitrate, 242. 

Silicon. 
isoAmyl siliconic acid, 259. 
isoAmyl silicon trichloride, 254, 256. 
„ „ trichlorosilicane, see isoAmyl silicon trichloride. 
„ „ triethoxy silicon, 256. 

AnhydroTbisdibenzylsilicanediol, 276, 277. 
Anhydrobisdiphenylsilicanediol, 248, 271-274. 

„ „ », , crystallographxc measurements of, 365. 
Anhydrobisphenylethylsilicanediol, 275, 
Benzyldiethylsilicol, 270. 
BenzylethyKsobutylohlorosilicane, 267, 281. 
Benzylethylasobutylsiliool, 271, 281. 

„ „ „ , sulphonation of, 271. 
Benzylethylbutylsilicyl oxide, 280, 281. 
Benzylethyl^obutylsUicyl chloride, see BenzylethyKsobutylehlorosilicane, 
Benzylethyldichlorosilicane, see Benzylethyl silicon dicliloride. 
Benzylethyldipropylsilic&ne, 264. 

, sulphonic acid and salts, 264. 
BenzylethylpropyKsobutylsilicane, 265. 

„ •> „ , sulphonic acid and salts, 264, 265. 
Benzylethylpropylchlorosilicane, 264, 265, 267, 271, 285. 
Benzylethylpropylsilicol, 265, 270, 271, 280. 

„ » „ , sulphonic acid and salts, 265, 271. 
Benzylethylpropyl silicon chloride, see Benzylethylpropylchlorosilicane. 
Benzylethylpropylsilicyl oxide, 280. 
Benzylethylsilicanediol, 278, 279. 
Benzylethyl silicon dichloride, 266-268, 271, 280. 
Benzylethylsilicone, 270, 280. 
Benzylmethylethylpropylsilicane, 265. 

» » 9, , sulphonic acid and salts, 265. 



SUBJECT INDEX. 407 

Benzyl orthosilicic acid triethyl ester, 284. 
„ m-silicic acid, 270. 
„ silicon trichloride, 262, 269, 270, 284. 

Benzyltrichlorosilicane, see Benzyl silicon trichloride. 
Benzyltrimethylsilicane, 262. 
Bisethoxyphenyl-^-bromophenyldisiloxane, 363. 
Bis-(triethylmonosilyl)-ether, 257. 
Bis-#-triethylsilylbenzene, 363. 
Bis-(tripropylmonosilyl)-ether, 257. 

#-Bromophenyl silicon trichloride, 263, 269. 
p- „ „ „ , esters derived from, 363. 
p-Bromophenyltriethylsilioane, 263, 264. 
„ „ „ „ , alcohols derived from, 373, 
?i-Butyltrichlorosilicane, 251. 

iso- „ „ „ , 251, 253. 
p-Chlorophenyltriethylsilicane,-263. 

' p-Chlorophenyltri-w-propylsilicane, 264. 
p-Chlorophenyl-silicon trichloride, 264, 269. 

Chlorotriethoxysilicon, 257. 
Cyclopentamethylenesilicon dichloride, 282. 
Cyclopentamethylenesilicone, 282. 
Diarmydrotrisdibenzylsilicanediol, 211, 278. 
Dianhydrotrisdiphenylsilicanediol, 248, 273, 214. 

„ „ „ , crystallographic measurements of, 366. 
rfZ-Dibenzyldiethyldipropylsilicoethane, 285. 
dkDibenzyldiethyldipropylsilicoethane, sulphonation of, 286. 

„ „ „ „ disulphonic acid, Z-menthylamine salt, 286. 
Dibenzylethylchlorosilicane, 266, 268. 
Dibenzylethylpropylsilicane, 264. 

„ „ „ , sulphonic acid and salts, 264. 
Dibenzylethylsilicol, 270. 
Dibenzylethyl silicon chloride, see Dibenzylethylchlorosilicane. 
Dibenzylethylsilicyl oxide, 270. 
Dibenzylmethylsilicol, 270. 
Dibenzylmethylsilicyl oxide, 282. 
Dibenzylsilicanediol, 258, 275, 276. 
Dibenzyl silicon dichloride, 268, 275. 
Dibenzylsilicone, 270. 
Dibromoethyl-silicon dichloride, 254. 
Diethylchlorosilicon ethyl ether, 256. 
Diethyl silicon dichloride, 252, 253, 258. 
Diethylsilicone, 254, 258. 
Diethyl silicon oxide, 258. 
Diethylcyclopentamethylenesilicana, 282, 361* 
Dimethyldiethylailicane, 252. 
Dimethylethyl-isobutylsilicane, 252. 

„ „ -ra-propylsilicane, 252. 
Dimethyldipropylsilicane, 252. 
Dimethyl silicon dichloride, 282. 
Diphenoxydiphenylsilicane, 290. 
Diphenoxyoctaphenylsilicotetrane, 290. 
Diphenylchlorosilicane, see Diphenyl silicon dichloride. 

dZ-Diphenyldiethyldipropylsilicoethane, 285. 
Diphenyldiethylsilicane, 263. 
Diphenyldimethylsilicane, 263. 
Diphenylethylchlorosilicane, 266, 280. 
Diphenylethylsilicyl chloride, see Diphenylethylchlorosilicane. 
Diphenylethylsilicyl oxide, 280. 
Diphenylmethylchlorosilicane, 266. 
Diphenylmethyl silicol, 280. 
Diphenylmethylsilicyl oxide, 280. 
DiphenylsiHeanediol, 248, 259, 271-275, 288, 290. 

„ „ , crystallographic measurements of, 364. 
Diphenyl silicon dibromide, 268. 
Diphenyl silicon dichloride, 263, 267, 268, 272, 283, 287, 290. 
Diphenylsilicone, 273, 279. 
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Ethyl isobutyl silicon chloride, 253. 
„ ortho-2 : 4-dimethylsilicobenzoate, 284. 
„ orthosilico-butyrate, 256. 

p-Ethylphenyltriethylmonosilane, 363. 
Ethyl «-propyl silicon chloride, 252. 
Ethysiliconic acid, 258. 
Ethyl silicon trichloride, see Ethyltrichlorosilicane, 
Ethyltrichlorosilicane, 252, 254, 266, 268. 
Ethyl triethoxy silicon, 256, 258, 259. 
Ethyl trimethoxy silicon, 256, 259. 
Hexaethylsilicoethane, 259. 
Hexamethylsilicoethane, 259. 
Hexaphenylsilicoethane, 284, 361. 

p-Iodophenyltriethylsihcane, 264. 
Methoxyethoxysilicon dichloride, 284. 
Methylethylpropylsilicol, 264=. 
Methyl monosilicic acid, 256. 
Methylsiliconic acid, 258, 361. 
Methyl triethoxy silicon, 258. 

a-Naphthyl silicon trichloride, 269. 
Octaphenylcyclosilicotetrane, 288-290. 
Octaphenyldaethylsilicotetrane, 288. 
Octaphenyldi-iodosilicotetrane, 287. 
Octaphenylsilicotetrane oxide, 287, 288. 
Orthosilicoacetic acid triethyl ester, 256, 258. 

a-Orthosiliconaphthoic acid triethyl ester, 284. 
Phenoxydiphenylsilicyl chloride, 290. 

„ „ „ „ , sulphonation of, 290. 
Phenoxymethoxyethoxymenthoxysilicon, 284. 
Phenoxymethoxyethoxysilicon chloride, 284. 
Phenoxymethoxysilicon dichloride, 284. 
Phenylbenzylethylpropylsilicane, 265. 

„ „ „ , sulphonic acid, 265. 
Phenylbenzylsilicanediol, 279. 
Phenyl-^p-bromophenyldichloromonosilane, 363. 
Phenyl-^)-bromophenyldiethylmonosilane, 363. 
Phenyldiethylsilicol, 270. 
Phenyldiethylsilicyl oxide, 270. 
Phenyldimethylethylsilicane, 262, 264. 
Phenylethyldipropylsilicane, 285. 
Phenyl-^-ethylphenyldiethylmonosilane, 363. 
Phenylethylpropylchlorosihcane, 267, 270, 285. 
Phenylethylpropylsilicol, 270. 
Phenylethylpropyl silicon chloride, see Phenylethylpropylchlorosilicane. 
Phenylethylsilicanediol, 275, 278. 
Phenylethyl silicon dichloride, 266-268, 270, 280, 285. 
Phenylethylsilicone, 270, 280. 
Phenyl-metasilioic acid, 283. 
Phenylmethylethylpropylsilicane, 264. 
Phenylmethylethylsilicol, 270, 
Phenyl silicon trichloride, 77, 262, 263, 267, 268, 283. 
Phenyltriethylsilicane, 263. 
Phenyltrimethylsilicane, 262. 
Propylsiliconic acid, 259. 
Propyl silicon trichloride, 252, 254, 256, 259. 

„ trichlorosilicane, see Propyl silicon trichloride. 
„ triethoxy silicon, 256. 

Silico-acetic acid, 258. 
Silico-benzoic acid, 283. 

„ „ „ , triethyl ester, 283. 
„ „ anhydride, 279. 
„ -butyric acid, 259. 

Silicochloroform, 250, 251. 
Silicoheptyl ethyl ether, 251, 255. 
Silicohexoic acid, 259. 
Silicohydrocarbon, "unsaturated," Si4Ph8, 287. 
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Silicohydrocarbon, " saturated," Si4Phg, 288. 

„ , [SiPhJB, 288, 289. 
a-Siliconaphthoic acid, 283. 

Silico-propionic acid, 258. 
Silicotoluic anhydride, 279. 
Silicon diethyl diethyl ether, 255, 256, 258. 

„ „ ether, 253. 
„ ethyl triethyl ester, 254. 
„ propyl „ „ s 254. 
„ tetraethyl ester, 256. 
„ tetraphenyl, 262, 317, 340. 
„ triethyl ether, 255. 

„ ethyl ether, 260, 253. 
SulphobenzylethyKsobutylsilicyl oxide, 281. 

„ »» » » - sulphonic acids and salts, 281, 282. 
ftulphobenzylethylpropylsilicyl oxide, 280. 

» » „ „ , sulphonic acids and salts, 280, 281. 
Tetra-ssoamylsilicane, 250. 
Tetra-anhydrotetrakisdiphenylsilicanediol, 273, 275, 288, 361. 

„ , crystallographic measurements, 368. 
Tetrabenzyl silicane, 262. 
Tetraethoxysilicon, 256, 258. 
Tetraethylsilicane, 23, 250, 252, 253, 361. 
Tetramethyl silicane, 18, 248, 361. 
Tetranitrophenyl silicane, 262. 
Tetraphenyl silicane, 259, 262, 266, 268, 361. 
Tetrapropyl silicane, 24 250, 251. 
Tetra-w-tolyl silicane, 262. 

,> -P- » » , 262. 
Tolylsiliconic acid, 283. 

p-Tolyl silicon trichloride, 209. 
IM-isoamylbromosilicane, 253, 256. 
Tri-isoamylsilicane, 251. 
Tri-isoamykiliool, 256. 
Tri-tfloamyl silicon bromide, see Tri-isoamylbromosilicane. 
Tri-isoamyl silicon oxide, 250, 258, 
Trianhydrotetrakisdiphenylsilicanediol, 275, 361. 
Trianhydrotrisdibenzylsilicanediol, 276,-278. 

„ „ „ , crystallographic measurements of, 369. 
Trianhydrotrisdiphenylsilicanediol, 273, 274, 290. 

„ „ „ , crystallographic measurements of, 367. 
Tribenzylchlorosilicane, 266. 
Tribenzylsilicol, 266, 270. 
Tri-isobutylbromosilicane, 253. 
Tri-£.?obutylsilicane, 251, 253. 
Trichlorosilicane, 250, 251. 
Trichloro-jp-triethylsilylphenylmonosilane, 363. 
Triethoxysilicon chloride, 256. 
Triethylacetoxyethylsilicane, 252. 
Triethyh>oamylsilicane, 252. 
Triethylbromosilicane, 250, 251, 253, 363. 
Triethylbromo-^-phenylmonosilane, 291, 362. 
Triethyl-n-butylsilicane, 252. 
TriethyK$obutylsilicane, 252. 
Triethylchloroethylsilicane, 250, 252, 
Triethyl-^-cHorophenylmonosilane, 291, 362. 
Triethylchlorosilicane, 253, 255. 
Triethylhydroxyethylsilieane, 252. 
Triethyl-jp-iodophenylmonosilane, 362. 
Triethylphenylsilicane, 362. 
Tri-w-propyl-^-chlorophenylmonosilane, 362. 
Triethyl-w-propylsilicane, 252. 
Triethykilicane, 23, 251. 
Triethylsilicol, 253, 254, 259, 363. 
Triethyl silicon acetate, 253, 254. 

„ „ chloride, see Triethylchlorosilicane. 
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Triethyl silicon oxide, 253, 257. 
Triethylsilicyl ethyl ether, 23. 

l-Triethylsilyl-4-triethylatannyl-benzene, 291. 
1- „ „ -4-trimethylplumbyl-benzene, 291. 
1- „ „ -4-diphenylarsyl benzene, 291. 

Trimethyb'soamylsilicane, 252. 
Trimethyl-Ti-butylsilicane, 251. 
TrimethyUsobutylsilicane, 251. 
Trimethylethylailicane, 251. 
Trimethyl-w-propylsilicane, 24, 251, 253, 257. 
Trinitrophenylsilicol, trisulphonate of, 269. 
Triphenylbromosilicane, 263, 266, 268, 361. 
Triphenylchlorosilicane, 262, 263, 266, 267, 269, 284. 
Triphenylethylsilicane, 263. 
Triphenylmethylsilicane, 262. 
Triphenylsilicane, 263. 
Triphenylsilicol, 262, 266, 269, 280. 

„ „ trisulphonic acid, 269. 
Triphenyl silicon acetate, 266. 

„ „ bromide, see Triphenylbromosilicane. 
„ „ chloride, see Triphenylchlorosilicane. 
„ „ oxide, 361. 

Triphenylailicylamine, 266. 
Tripropylbromoailicane, 253, 255. 
Tripropylsilicane, 250, 251. 
Tripropylsilicol, 253, 255. 
Tripropyl silicon acetate, 253, 255, 258. 

„ „ bromide, 255. 
„ oxide, 251, 253, 257. 

Germanium. 

Dimethylaminophenylgermanic acid anhydride, 299. 
Dimethylanilino germanium trichloride, hydrochloride of, 299. 
Disodium diphenyl germanide, 296. 
Germanium dimethylanilino triphenyl and hydrochloride, 298. 

„ ethyl triphenyl, 298. 
„ tetra-woamyl, 293. 
„ tetrabenzyl, 298. 
„ „ tetrasulphonic acid and barium salt, 298. 
„ tetra-w-butyl, 293. 

tetraethyl, 291, 292, 293, 361. 
„ tetramethyl, 291, 292, 361. 

tetraphenyl, 294, 295, 297, 361. 
„ tetrapropyl, 293. 
„ tetra-^-tolyl, 297, 298 
„ triphenyl anisyl, 298. 

„ -^-tolyl, 298. 
Hexaphenyldigermane, 294-256', 361. 
Phenylgermanic acid anhydride, 29$. 
Phenylgermanonic acid, 297. 
Sodium triphenyl germanide, 294, 295, 296. 

„ „ germanolate, 296, 297. 
Tetra-anhydrotetrakisdiphenylgermanediol, 297, 361. 
Tetraphenylgermane, 294. 

2>-Tolylgermanic acid anhydride, 299. 
Trianhydrotetrakisdiphenylgermanediol, 297, 361, 
Trimethylstannyl-triphenylgermane, 296. 
Tiiphenylgermane, 296. 
Triphenylgermanol, 297. 
Triphenylgermanium bromide, 294, 296-298, 361. 

» „ chloride, 294. 
» „ fluoride, 294,296. 

iodide, 294. 
» oxide, 294, 297, 361. 
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Tin. 

1 : 10-Bis-triethylstannyl~w-decane, 330. 
1:5- „ „ -w-pentane, 330, 331, 373. 

Dimethylmethylene stannane, 316. 
Disodium dimethyl stannane, 313, 315, 316. 

„ diphenyl stannide, 320, 329. " 
„ hexamethyl tristannane, 315, 316. 
„ tetramethyl-distannane, 315. 
„ tin diphenyl, see Disodium diplienyi stannide. 

Dodecainethylpentastannane, 316. 
Ethyl stannonic acid, 313. 
Hexabenzyldistannane, 327. 
Hexa-'/i'obutyldistannane, 315, 372. 
Hexacyclohexyldistannane, 327. 
Hexaethyldistannane, 305, 306, 314, 372. 
Hexaniethyldistannane, 314. 
Hexaphenyldistannane, 327, 361. 
Hexa-tt-propyldistannane, 315, 372. 
Hexa-#-tolyldistannane, 327. 
Hexa-y-xylyldistannane, 327. 
Methyl stannonic acid, 311, 312, 361. 

iso-Propyl stannonic acid, 313. 
Sodium tin triphenyl, 328, 329. 
Sodium trimethyl stannide, 304, 314. 

s#wk-Tetraethyldi-*>obutyl-distannane, 315, 372, 
sy?7b.~ „ „ -w-propyl- „ , 315, 372. 

Tin di-isoamyl, 310. 
dibenzyl acetate, 325. 

„ chloride, 321, 325. 
„ dibromide, di-iodide, oxide, 325. 

di-isobutyl salts, 310. 
dicyclohexyl, 327. 
dicyclohexyl dibromide, 318, 325. 

„ dichloride, difluoride, dihydroxide, di-iodide, 325, 326, 
diethyl, 300, 301, 309, 313, 314. 
diethyl-w-amyl bromide, 331, 373. 

„ iso-ainyl bromide, 370. 
„ „ chloride, 370. 
„ -5-bromoamyl bromide, 329, 330, 373. 
„ isobutyl bromide, 370. 
„ cyclopentamethylene, 329, 330> 361, 373. 
„ di-t^o-amyl, 370. 
„ dibenzyl, 320. 
„ dibromide, 309, 311, 329, 330, 371. 
„ di-isobutyl, 370. 
„ dichloride, 302, 303, 309, 311, 313, 360. 
„ di-iodide, 18, 21, 302, 303, 306, 309, 329. 
„ oxide, 309, 313. 
„ n-propyl bromide, chloride, 370. 
„ salts, 309-311. 

dimethyl, 313, 315. 
„ -5-bromoamyl bromide, 329, 373. 
„ -cyclopentamethylene, 329, 331, 373. 
„ di-*sobutyl, 370. 

diethyl, 18, 303, 360. 
dibromide, 308, 313, 316, 316, 329. 
dichloride, 303, 308, 314. 

„ di-iodide, 308, 329, 371. 
„ ethyl bromide, 303. 
„ ethyl propyl, 303. 

diphenyl, 320. 
salts, 308, 309. 

di-a-naphthyl, 327. 
diphenyl, 326, 327, 329. 
diphenyl amiuochJoride, 325. 
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Tin dipbenyl cblorobroroide, cliloro-iodide, 324. 
„ dibromide, 324. 
„ dichloride, 77, 225, 322, 323, 324, 361. 
„ diethoxide, 324. 
„ dinuoride, 324. 
„ hydride, 329. 
„ hydroxychloride, 324, 360. 
„ oxide, 324. 

di-31-propyl salts, 310. 
di-tsopropyl salts, 310. 
di-#-tolyl, 326. 
di-^-xylyl, 327. 
ethyl butyl dibenzyl, 320. 

„ di-isoamyl bromide, 370. 
„ dibenzyl iodide, 320. 
„ dibutyl benzyl, 320. 
„ di-wobutyl bromide, 370. 
„ phenyl dichloride, 326. 
„ w-propyl di-isoamyl, 303. 
„ propyl dibenzyl, 307, 320, 321. 
„ „ dichloride, 307. 
„ tribromide, 313. 
„ tri-wobutyl, 369. 
„ tri-w-propyl, 369. 

methyl ethyl dibromide, 303. 
„ „ dipropyl, 303. 
„ „ w-propyl fairo-bromocamphor sulphonate, 307, 308. 
„ „ „ „ -camphor sulphonate, 307. 
„ „ iodide, 307. 
„ sulphate (basic)', 312. 
„ tribromide, trichloride, 312. 
„ tri-iodide, 301,311, 312. 

Isopropyl tribromide, 313. 
„ trichloride, 313. 

tetra-isoamyl, 302. 
tetrabenzyl, 318. 
tetrabromide, physical constants of, 371. 
tetra-i'sobutyl, 302. 
tetra-cyclohexyl, 317, 323, 325. 
tetraethyl, 21, 26, 300, 301, 302, 305, 309, 361, 371. 
tetramethyl, 301, 304, 305, 312, 315, 361. 
tetraphenyl, 13, 316, 321-324, 329, 360, 361. 
tetrapropyl, 24, 37, 302, 311, 
tetra-a-thienyl, 318. 

„ -o-tolyl, 317. 
„ -m- „ , 317. 
„ -m-xylyl, 317. 
„ -p- „ ,317. 

tri-iso-amyl salts, 371. 
tribenzyl chloride, 320, 323, 325, 327. 

„ iodide, 327. 
ethyl, 320. 

tri-isobutyl isoamyl, 369. 
tri-isobutyl salts, 306, 307, 371. 
tricyclohexyl bromide, 319, 323. 

„ „ chloride, 318, 323. 
„ „ ethyl, 320. 
„ „ fluoride, hydroxide, iodide, 323. 
„ „ methyl, 319. 
„ „ phenyl, 319. 

„ ^-tolyl, 319. 
triethyl isoamyl, 369. 

„ n-amy% 329, 330, 331, 373. 
„ bromide, 291, 305, 314, 330, 331, 371. 
„ -5-bromoamyl, 329, 330, 373. 
„ ssobutyl, 369. 
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Tin triethyl carbonate, 302, 306. 
„ chloride, 302, 305, 314, 371. 
„ ethylate, 371. 
„ ethyl sulphonate, 302. 
„ iodide, 18, 300-303, 305, 309, 314, 360, 371. 
„ methyl, IS, 303. 
„ phenyl, 321, 326. 
„ re-propyl, 303, 369, 371 
„ salts, 305, 306. 

trimethyl, 304, 305, 314. 
„ benzyl, 321. 

bromide, 296, 300, 303, 304, 314, 321, 328. 
„ -5-bromoamyl, 330, 331, 373. 
„ chloride, fluoride, 304. 

ethyl, 302. 
„ ethylate, 305. 
„ hydroxide, 305. 
„ „ , electrical conductivity of solutions of, 305. 
„ „ , complexes of, 305. 

iodide, 301, 302, 304, 321, 371. 
phenyl, 321. 

„ ?a-propyl, 303. 
(trimethylstannyl)-amine, 321. 
trimethyl sulphide, formate, acetate, 305. 
triphenyl, 32S, 361. 

bromide, 322, 327, 361. 
„ chloride, 318, 322, 325, 360. 
„ cyclohexyl, 318. 

ethyl, 319. 
fluoride, 322, 

„ hydride, 328. 
iodide, 319, 322. 

„ methyl, 319. 
.,, a-naphthyl, 318. 

p-tolyl, 318. 
p-xylyl, 318. 

tri-w-propyl isobutyl, 369. 
tripropyl chloride, 306, 371. 

iodide, 37, 302, 306, 371. 
tri-isopropyl bromide, chloride, iodide, 306, 371. 
tripropyl salts, 306. 
tri-wopropyl salts, 306. 
tri-o-tolyl bromide, chloride, iodide, 322. 
„-*>- „ „ ,322,327. 
„ „ „ chloride, fluoride, 322. 
tri-w-xylyl fluoride, 322. 
„ ~p- „ » > chloride, bromide, iodide, 323. 

l-Triethylsilyl-4-triethylstannyl benzene, 291. 
l-Trimethylstannyl-5-trimethyIplumbyl-w-pentane, 330, 331, 373, 

Trimethy 1 triethyl disfcannane, 314. 
Triphenyltrimethyldistannane, 328. 

Lead, 

1 : 5-Bis-trunethylplumbyl-M-pentane, 330,' 353, 379. 
Lead isobutyl isoamyl dibromide, 339. 

„ tri-woamyl, 375. 
di-isoamyl dibromide, dichloride, 338. 
„ „ ethyl propyl, 377. 

di-isobutyl chlorobromide, 338. 
„ „ dibromide, dichloride, 338, 

dicyclohexyl dibromide, 342, 348. 
„ „ dichloride, di-iodide, sulphide, 348. 

diethyl isoamyl chloride, 339. 
„ -5-bromoamyl bromide, 353. 
„ isobutyl isoamyl, 377. 
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Lead diethyleyclopentanxethylene, 352, 353, 361, 379. 
diethyl di-isoamyl, 376. 

dibromide, 338. 
di-isobutyl, 376. 
dichloride, 335, 338, 351, 352, 360. 
di-a-naphthyl, 343, 360. 
diphenyl, 338, 343, 360. 
di-n-propyl, 376. 
di-sec-propyl, 376. 
methyl isoamyl, 377. 

„ isobutyl, 377. 
* propyl, 377. 

propyl isoamyl, 336, Z77. 
„ sec.-amyl, 377. 
„ w-butyl, 377. 
„ isobutyl, 377. 
„ sec-butyl, 377. 

w-propyl sec-propyl, 377. 
, estimation of in organic compounds, 334. 

ethyl isoamyl dichloride, 339. 
isobutyl dibromide, 339. 
-5-chloroamyl dichloride, 352, 353. 
-n-propyl-ra-butyl-isoamyl, 336. 

dimethyl sec-butyl isoamyl, 377. 
di-isoamyl, 376. 
dibromide, dichloride, di-iodide, pxide, sulphide, chromate, 338. 
di-isobutyl, 376. 
diethyl, 335. 
di-n-propyl, 376. 
ethyl isoamyl, 377. 

„ sec-amyl, 377, 
„ isobutyl, 377. 
„ sec-butyl, 377. 
„ ^propyl, 336, 377. 
„ sec-propyl, 377. 

propyl iso-amyl, 377. 
diphenyl, 348, 349. 

carbonate (basic), 346. 
chromate, 347. 
cyanide (basic), 347. 
cyclohexyl bromide, 351. 

„ methyl, 351. 
diacetate, 346, 347. 
dibromide, 342, 343, 345. 
dichloride, 340, 345, 360, 361. 
dicyanide, 347. 
dicyclohexyl, 342. 
diformate, 346. 
di-iodide, 342, 346, 350. 
di-a-naphthyl, 342. 
dinitrate, 346, 347. 

„ (basic), 346. 
di-^-nitrobenzoate, 347. 
di-o-tolyl, 342. 
di-^-tolyl, 349. • 
dithiocyanate, 347. 
di-trichloroacetate, 346. 
divalerate, 346. 
di-^-xylyl, 342, 351. 
ethyl bromide, 351. 
iodate, 346. 
methyl bromide, 351. 
oxalate, 346. 
oxide, 346. 
phosphate, 346. 
propionate (acid salt), 346. 



SUBJECT INDEX. 

Lead diphenyl sulphide, 347. 
» „ #-xylyl, 351. 
„ di-w-propyl dichloride, 338. 
„ di-jp-tolyl diacetate, 347, 348. 
„ „ dibromide, dichloride, 347. 
„ „ diformate, 347. 

di-iodide, 347, 350. 
„ „ dinitrate, 347. 
„ „ sulphide, chromate, 348. 
„ di-w-xylyl dichloride, 350, 360. 
„ di-^-xylyl dibromide, 345, 348, 350. 
„ ethyl tri-isoamyl, 375. 
„ „ tri-isobutyl, 375. 
„ „ tri-^-propyl, 375. 
„ methyl ethyl dichloride, 338. 
„ „ ,» di-iodide, chromate, sulphide, 339. 
„ „ „ n-propyl isoamyl, 336. 
„ ,» „ „ isobutyl, 336. 
„ „ ?i-propyl isoamyl chloride, 339. 
„ „ tri-isoamyl, 375. 
„ „ tri-isobutyl, 375. 

„ triethyl, 334, 33-% 360, 374. 
„ „ tri-n-propyl, 375. 
„ phenyl cyclohexyl methyl bromide, 351. 
„ ^-propyl isoamyl dichloride, sulphide, 339. 
„ „ isobutyl dibromide, sulphide, 339. 
„ „ „ dichloride, 339. 
„ ,, tri-isoamyl, 375. 
it „ tri-isobutyl, 375. 
„ totr a -isoamyl, 333. 
„ tetra-isobutyl, 333. 
„ tetracyclohexyl, 341, 348. 
„ tetraethyl, 21, 333, 360, 361. 
„ tetramethyl, 333, 336, 361. 
„ tetraphenyl, 317, 339, 340, 343-346, 360, 361. 
„ tetra-w-propyl, 333. 
„ tetra-sec.-propyl, 333. 
„ tetra-a-thienyl, 341. 
„ tetra-p-tolyl, 340, 347. 
„ tetra-2?-s:ylyl, 341. 
„ tri-isoamyl chloride, bromide, iodide, fluoride, hydroxide, 338. 
„ tri-isobutyl isoamyl, 375. 
„ tri-w-butyl chloride, bromide, hydroxide, 337. 
„ tri-isobutyl chloride, bromide, iodide, fluoride, 337. 
„ tricyclohexyl, 345. 
„ „ „ bromide, chloride, fluoride, hydroxide, 345. 
„ ,, „ iodide, 345,351. 
„ triethyl, 339. 
„ triethyl w-amyl, 353, 379. 
„ „ isoamyl, 335, 374. 
„ „ sec.-amyl, 375. 

„ benzyl, 343, 378. 
„ „ -5-bromoamyl, 353, 379. 

„ isobutyl, Z35, 374. 
„ „ sec-butyl, 375. 
„ „ bromide, iodide, 336. 

„ chloride, 336, 339, 360. 
„ hydroxide and salts, 336, 337, 339. 

„ „ a-naphthyl, 378. 
„ „ phenyl, 278. 

„ n-propyl, 335, 374. 
„ o-tolyl, 378. 
„ #~tolyl, 378. 

„ trimethyl isoamyl, 335, 374. 
„ bromide, 330, 331, 334, 336, 353. 

w-butyl, 3359 374. 
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Lead trimethyl isobutyl, 335, 374. 
chloride, 291, 334, 336. 
ethyl, 334, 338, 374. 

„ „ fluoride, hydroxide, iodide, 336. 
phenyl, 378. 
w-propyl, 334, 374. 

„ „ Isopropyl, 375. 
sulphate, 331, 336. 
o-tolyl, 378. 
jj-tolyl, 378. 

„ triphenyl, 349, 361. 
bromide, 341, 344, 351, 361. 

„ „ chloride, 343, 344, 
„ „ cyclohexyl, 342, 351. 

„ ethyl, 351. 
„ „ fluoride, 344. 

iodide, 343, 344, 349. 
„ „ methyl, 351. 
„ „ a-naphthyl, 342. 
„ „ 2>-phenetyl, 341. 
„ „ ^-phenosyphenyl, 342. 
„ „ sulphide, 344. 
„ „ #-tolyl, 341. 

„ m-xylyl, 341. 
#-xylyl, 341. 

„ tri-w-propyl isoamyl, 375. 
„ wobutyl, 375. 

„ „ „ acetate, bromide, chloride, fluoride, hydroxide, sulphate, 337. 
„ tri-o-tolyl, 350. 
„ „ -p- „ , 344, 350. 
„ „ „ „ fluoride, iodide, 344. 
„ tri-m-xylyl, 350, 360. 
„ „ --p- „ , 344, 345, 350. 
„ „ „ „ bromide, 341, 345. 
„ „ „ „ chloride, 344. 

l-Triethylsilyl-4-trmiethylplumbyl-benzene, 291. 
l-Trimethylstannyl-5-trimethylplumbyl-n-pentane, 330, 331, 373. 

Phosphorus. 
Dimethylamidophosphenyl chloride, 122. 
Diphenyl phosphorus chloride, 16. 
Ethyl dichlorophosphine, 35. 
Phenyl-^-tolylchlorophosphine, 94. 
Phosphenyl chloride, 77, 94. 

m-Tolyldichlorophosphine, 78. 
Triethylphosphine, 20. 
Trimethylphosphine, IS. 
Triphenylphosphine, reaction with thallic chloride, 360, 
Tripropylphosphine, 24. 

m-Xylyl&chlorophosphine, 80, 95. 

Arsenic. 
Arsenobenzene, reaction with mercury diethyl, 35. 
Ethyldichloroarsine, 35. 
Diphenylchloroarsine, 77, 291, 340. 
Dithienylchloroarsine, 83, 98. 

a-Naphthyldichloroarsine, 82. 

Phenylarsenious chloride, 77, 88, 91, 360. 
„ „ oxide, reaction with mercuric chloride, 73. 

. „ „ sulphide, reaction with mercury diethyl, 35. 
Phenyldichloroarsine, see Phenylarsenious chloride. 
Phenyldiethylarsine, reaction with mercury diethyl, 35. 
Thienyldichloroarsine, 83, 98. 



SUBJECT INDEX. 
Triethylarsine, 20. 

l-Triethylsilyl-4-diphenylai'syl benzene, 291. 
Trimethylarsine, IS. 
Triphenylarsine, 226, 300. 

„ „ dichloride, 300. 
Tiipropylarsine, 24. 
Tritliicnylarsine, 83. 
Tri-w-xylylarsine, 360. 
„ -p- „ , 360. 

m-Xylylarsenious dichloride, SO, 360. 
p- ,» „ » , 360. 
wj-Xylyldiohloroarsme, see m-Xylylarscnious dichloride, 

Antimony, 
JDipIieiiylatibino chloride, 340. 

„" „ trichloride, 77, 340. 
Trianisvlstibine mercurichloridc, 142. 
Triethylstibine, 20, 35. 
Trimethylstibine dichloridc, 32. 
Triphenylstibine, 71, 88, 226, 360. 

„ „ dichloride, 77, 360. 
Tri-//i-tulylstibine mercurichloride, 71, 93. 
Tri-w-xyiylstibine, 360. 

„ „ „ dichloride, 360. 

Bismuth, 
Bismuth triethyl, 34, 36. 
Di-a-naphthylchlorobismuthino, 360. 
Diphenylchlorobismuthine, 340, 360. 
JJi-jo-tolylchlorobismuthinc, 360. 
Tricthylbiamuthine, 29, 41. 
Tri-a-naphthylbisnuithine, iv43, 1,10. 
TriphenylbiamuthinG, 77, 242, 360 
Tri-p-tolylbismuthme, 243, 360. 

Selenium, Tellurium. 
Selenium, mercury derivatives containing, 217 
Tellurium diethyl, 36. 
Tellurium diphenyl, 77. 

„ „ dichloride, 340. 
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