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X = Br, I, OTs

Ar–H
R–H

R–NH2

Scheme 1.1. Preparation of nitro compounds
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Scheme 1.2. Reaction of nitro compounds
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2
PREPARATION OF NITRO

COMPOUNDS

2.1 NITRATION OF HYDROCARBONS

2.1.1 Aromatic Compounds
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97%0 ºC
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2.1.5 Synthesis of �-Nitro Ketones
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3
THE NITRO-ALDOL

(HENRY) REACTION
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3.1 PREPARATION OF �-NITRO ALCOHOLS
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Scheme 3.1. Henry reaction and its applications
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3.2.4 �-Amino Alcohols
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3.3 STEREOSELECTIVE HENRY REACTIONS AND APPLICATIONS TO
ORGANIC SYNTHESIS
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Scheme 3.17. Asymmetric syntheses of β-blockers with (R)-LLB as catalyst
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Scheme 3.18. Structural modification of LLB
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Scheme 3.20. Proposed mechanism of asymmetric nitro-aldol reactions catalyzed by LLB, LLB-II, or LLB-Li
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MICHAEL ADDITION
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4.1 ADDITION TO NITROALKENES

4.1.1 Conjugate Addition of Heteroatom-Centered Nucleophiles
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NO2

NO2

X
XH

syn / anti = 1/ 1

+

X = RS, RO, 
      R2N, R2P
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R2 NH2

X

R1
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CNO
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X= COR, CO2R, CN, 
     SO2R, etc.

+     R2CH2NO2

R2 = H

+     Nu H+

R2 = H

Nu– = RO–, RS–, RNH–,
          carbanions

Nef

(Chapter 6)

(Chapter 6)

(Chapter 6) (Chapter 7)

Scheme 4.1.

O

H CO2Me

S CO2Me

NO2HO O
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H H
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d-biotin
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O
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O

HN NH
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2) Pd/C, H2
3) COCl2
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1) Zn/Ag, (CF3CO)2O

+
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Scheme 4.2.

O2N
OAc

O2N
SPh+     PhSH

~100%

THF

Et3N
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O

MeO2N

Me
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Et3N

O
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S NO2

PhNCO

Et3N
S O

N
Me

O
Me
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99%

+

82% (ds 71/29)
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NO2

EtONa

O2N

S

Ph N C O

Et3N
S

N
O

LiAlH4

S

H2N
HO

S

H2N CHN
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2) COCl23) Beckmann
     rearrangement

1) OH–
1) DMSO, Ac2O
2) NH2OH

biotin

Scheme 4.3.
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NO2 EtSH

Et3N
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MeO

NO2

SEt

CN

(Me2CH)2NH

MeO

MeO

SEt

NO2

CN

*$� ,

NO2

SR
Me3SiX

TiCl4 X

SR

Bu3SnH

AIBN

X = H, CN,CH2=CHCH2

*$�!,

Me

NO2

Me

Me
Me

Me
Me

SPh SPh

NO2NO2

+

PhSLi, –78 ºC, AcOH 71

Yield (%) anti/syn

40/6088

91/9

PhSH, Et3N, RT

+ Reagent and condition
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NO2

NO2
OH

SPh

88%

TMG
+     PhSH     +     HCHO

TMG: tetramethylguanidine

*$�0,
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Me AcOH
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OCH2Ph

NO2

EtOH, HCl

Me
Ph
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NH2

PhCH2ONa

72% (syn/anti = 91/9)–78 ºC
73% (syn/anti = 91/9)

Pd/C, H2
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+

O

H
H
N

OH

Ph

Me
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NO2
Me

O

Ph
NHCHO

NO2

Me

Me
NHBoc

OH OR OH

1) NaH, –78 ºC

2) AcOH

66% (de 94%)

1) NaBH4, Pd/C Na/ NH3

–78 ºC2) Boc2O
80% (NO2 → NHBoc) 75% (ee 96%)
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OH KH, THF
Ph

NO2 O

Ph
NO2

2) 1 N-HCl

1)

RT

80%

*$�%.,

OH NaH, THF NO2
O

NO2

94%

RT

1)

2) 1 N-HCl *$�%/,
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4.1.3 Conjugate Addition of Carbon-Centered Nucleophiles
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–78 ºC

Me
OSiMe2But

OEt
Ph

NO2

O2N OEt

OPh O

But

But

Me AlMe

+

MAD

58% (ds 6.3/1)
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1) THF, 0 ºC
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� �",#

                   4.1 ADDITION TO NITROALKENES  95



����-� '�

��������:��;����:6����������	��������
�������������������
������������

�����������
����������	����������	�����
������������	���
��#������������	������
���
���
��

��������
�����������
��	������?������ �- #�
( 

����-� '��

����������
���
'	�������
���2���
�����-'�������	������������������
����

���������������������������
�	������� �"3#�(3

?������� �
� ���������� ����� ���
� ����� ���� �

����� ��� 
��	��	2��� ��� �����	����� ��

����	�2�
����6��������
������������&�,����4,���
���	������������
(!
�@����������������������

��� ����������� ��� ���	���
���� �	��	�������� �� ��������������6��������
�� �?������ �-3#�
("

:��	������� ��� ���	��� ����� ������� ��� �	��	� ������� ��� �����	�� ���� �����	����� ���� ���


Ph
NO2 S MgBr

S NO2
Ph H

NO2

NO2

Me

89%

1) Et2O
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MeMgBr+
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CONEt2 NO2

CONEt2

O2N

NH
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H
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1) sec-BuLi
    TMEDA, –78 ºC

79% 63%

1) NaBH4, NiCl2
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OMgCl
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PhCH2
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H

+

PhCH2MgBr
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H2SO4

concn HCl

dil. HCl
95%

93%

53%

Scheme 4.14.
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NO2

Ar
NO2

R

Ar
R

R2Zn, MgBr2
20 ºC
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20 ºC

up to 99% yield

up to 40% yield

Scheme 4.15.
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Cl

C5H11
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NO2

Ph
Et
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Ni(acac)2, Et3N

THF
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Et

Et3Ga
Hexane

Cl
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Et OH
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+Ph
NO2 Ph

Et

+ Et3Al concn HCl +

24% 49%
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RT
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NO2

ZnBr Ph
NO2
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NO2 SnBu3

NO2

Me

Ph

+ DMF

83%

+
TiCl4

53% (anti/syn = 7/3)
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CH2Cl2
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+
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2) CuCN, LiCl, THFBr
OEt
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O

O
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O

O NO2

1) Zn, LiI, DME, 75 ºC
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+
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4.3 MICHAEL ADDITION OF NITROALKANES 

4.3.1 Intermolecular Addition
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5
ALKYLATION, ACYLATION,
AND HALOGENATION OF

NITRO COMPOUNDS
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5.1 ALKYLATION OF NITRO COMPOUNDS
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5.3 RING CLEAVAGE OF CYCLIC �-NITRO KETONES (RETRO-ACYLATION)
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5.4 ALKYLATION OF NITRO COMPOUNDS VIA ALKYL RADICALS
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Scheme 5.7. Pd(0) catalyzed allylic alkylation
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CONVERSION OF NITRO
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6.1 NEF REACTION (ALDEHYDES, KETONES, AND CARBOXYLIC ACIDS)
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6.1.3 Reductive Method 
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6.1.4 Direct Conversion of Nitroalkenes to Carbonyl Compounds
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6.3.3 Oximes, Hydroxylamines, and Other Nitrogen Derivatives
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7
SUBSTITUTION AND

ELIMINATION OF NO2 IN
R–NO2
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7.1 R–Nu FROM R–NO2

7.1.1 Radical Reactions (SRN1)
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7.1.2 Ionic Process
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7.2 R–H FROM R–NO2
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CYCLOADDITION

CHEMISTRY OF NITRO
COMPOUNDS
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8.2 1,3-DIPOLAR CYCLOADDITION
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L

EWG

Nu

EWG NO2 COR

+ Nu

L: F, Cl, Br, I, NO2, SO2R

EWG: NO2, CO2R, CN, F

Nu: RS-, RO-, RNH2, , , etc.

Scheme 9.1.
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OMeMeO

O

O2N

OMe

MeO

+
DMSO

90 ºC, 16 h
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R1 NO2

R2
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NO2R1
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+ M+ DMSO

or HMPA
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R1 = R2 = Me
R1 = Me, R2 = Me3C-CH2
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M+ = Li+, Bu4N+
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OF4949-I, R1 = Me, R2 = OH
OF4949-II, R1 = H, R2 = OH
OF4949-III, R1 = Me, R2 = H
OF4949-IV, R1 = H, R2 = H

 K 13

R

vancomycin

piperazinomycin

bouvardin R = OH
deoxybouvardin R = H

A

B

C D E

Scheme 9.2.
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1) NaBH4

K2CO3

DMF

X = NO2

X = NH2

X = H

X = Cl

HNO3-H2SO4

2) PBr3
3) Et4NCN

AlH3 or NaBH4

TFA

DCC, Et3N

N-Boc glycine

CH2CO2H

HO

TFA, then Et3N
DCC

Fe-FeSO4

tBuONO
DMF

NaNO2
HCl

97%
60%

CuCl-
CuCl2

Scheme 9.3.
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X = F, X = Cl

X = F

Entry Base (equiv) Additive Temperature, time

1

3

K2CO3 (3)

CsF (5)

K2CO3 (3)

Li2CO3 (30)

18-crown-6

no

no

no

RT, 20 h

RT, 20 h

RT, 6 h

RT, 4 days

Yield (%)

2

4

5 NaHCO3 (3) no RT, 2 days

66

62

82

No reaction

Trace

X = Cl

Entry Base (equiv) Additive Temperature, time Yield (%)

6

7

8

9

K2CO3 (3)

K2CO3 (3)

no

18-crown-6

no

RT, 2 days

K2CO3 (3) 80 ºC, 6 h

Degradation

Degradation

80

No reaction

K2CO3 (3)

All reactions were run in dry DMF at a concentration of 0.01 M.

RT, 2 days

40 ºC, 24 h
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9.2.3 Applications to Synthesis of Heterocyclic Compounds
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10
SYNTHESIS OF

HETEROCYCLIC
COMPOUNDS
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