
SPOTLIGHT 3075

SYNLETT

Spotlight 259
This feature focuses on a re-
agent chosen by a postgraduate,
highlighting the uses and prepa-
ration of the reagent in current
research

Nitrosobenzene
Compiled by Fernanda Lacerda Silva da Machado

Fernanda Lacerda da Silva Machado was born in Petrópolis, Rio de
Janeiro, Brazil in 1983. She completed her undergraduate degree in
Pharmacy at Federal University of Rio de Janeiro and is currently
working toward her M.Sc. in natural product research under the su-
pervision of Professors Angélica Ribeiro Soares and Carlos Roland
Kaiser. Her research interests focus on the study of secondary
metabolites from marine organisms, especially from the red algae
Laurencia sp.

Departamento de Química Orgânica, Instituto de Química, Univer-
sidade Federal do Rio de Janeiro, Cidade Universitária, 21941-590 
Rio de Janeiro, Brazil
E-mail: flacerdas@yahoo.com.br

SYNLETT 2008, No. 19, pp 3075–3076xx.xx.2008
Advanced online publication: 12.11.2008
DOI: 10.1055/s-2008-1067280; Art ID: V26508ST
© Georg Thieme Verlag Stuttgart · New York

Introduction

Nitrosobenzene is a reagent used in many asymmetric
syntheses with amazing results. It acts as an electrophile
in catalytic enantioselective carbon–nitrogen and carbon–
oxygen bond-forming reactions. It has received attention
in recent years because of its high reactivity and regio-
and stereoselectivities. In the presence of Lewis or
Brønsted acid catalysts, enantioselective nitroso aldol or
nitroso Diels–Alder reactions proceed under smooth con-
ditions.1 Nitrosobenzene can be used in the aminoxylation
of aldehydes and ketones, and the products are precursors
of 1,2-amino alcohols, terminal diols2 and allylic alco-
hols.3 It can also be used in asymmetric desymmetrization
of a-hydroxy ketones.4 Others applications are described

below. This reagent is stable, inexpensive and commer-
cially available, all of which corroborate its use. 

Preparation

Nitrosobenzene can be prepared by the oxidation of a-
phenylhydroxylamine, which is prepared by the reduction
of nitrobenzene using ammonium chloride and zinc dust
(Equation 1).5

Equation 1
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(A) Nitrosobenzene was used in the aminoxylation of a series of al-
dehydes, using L-proline as catalyst. The product was easily trans-
formed, without isolation, into the corresponding amino-substituted
alcohol with addition of diethyl (2-oxopropyl)phosphonate and cesi-
um carbonate. The yield ranged from 52 to 81% with an enantiomer-
ic excess above 95%. Removal of the phenylamino group was
achieved using Cu(OAc)2, which gave the allylic alcohol.3
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(B) Addition of nitrosobenzene to a dioxane solution (100 °C) in an
excess of olefin, CuCl2·H2O and Cu powder produces the corre-
sponding N-aryl-N-allylamines in moderate to good yield. The Al-
kenes reacted with high regioselectivity with functionalization at the
less substituted vinylic carbon.6

(C) Yamamoto and co-workers reported the reaction of lithium and
tin enolates with nitrosobenzene. The nitroso aldol reactions pro-
ceeded smoothly to generate the N-adduct in high yield. A variety of
ketones and one ester lithium enolate afforded the a-hydroxyamino
product; the yields ranged from 42 to 93% and the reactions took no
longer than one hour. The reaction of nitrosobenzene with tin eno-
lates proceeded in THF at –20 °C for two hours with yields that
ranged from 88 to 98% with exclusive N-selectivity.7

(D) Nitrosobenzene reactions with cyclohexenones in the presence
of a pyrrolidine-based tetrazole catalyst afforded the cyclized Diels–
Alder adduct cleanly with high enantioselectivity and moderate to
good yields. Cycloheptenone was also tested and the desired product
was obtained using proline catalyst.8

(E) Hayashi and co-workers recently reported the direct proline-cat-
alyzed asymmetric aminoxylation of aldehydes and ketones using
nitrobenzene as an oxygen source. The optimal conditions were es-
tablished for both aldehydes and ketones. The yields obtained from
aldehydes were good with an enantiomeric excess above 97%. Enan-
tiomeric excess was above 96% for all the ketones tested. Both 3-
and 4-substituted cyclohexanones gave the corresponding products
with low diastereoselectivity but high enantioselectivity.9

(F) A stereoselective synthesis of trans-2-substituted 3-amino-2,3,6-
trihydropyridines can be achieved by cycloaddition of nitrosoben-
zene with 2-substituted 1,2-dihydropyridines followed by chemose-
lective reduction of cycloadducts. In situ hydrogenation of these
cycloadducts over palladium in a solution of hydrogen chloride in
methanol led to tetrahydropyrroloimidazoles.10

R PhNO
CuCl2⋅2H2O/Cu

dioxane, 100 °C Ph

H
N R CuO

R1
R3

OM

R2

THF
R1

N
Ph

R2 R3

O OH

PhNO

M = Li, Sn

O

R R

PhNO
20 mol%

MeCN
40 °C, 15 h

O

N

O
R R

R = H, Me, Ph

N
H

N
N

NN
H

H

O

PhNO
MeCN H

O

ONHPhL-proline NaBH4

H

OH

ONHPh

X

O

PhNO

DMF, 0 °C

L-proline

X

O

ONHPh

N

Ph N

OMe

i-Pr

R

N R

NHPh

Boc

N
N

H

Ph

R

1) PhNO

2) H2, Pd/C, 
    HCl, MeOH

1) PhNO

2) AlH3
3) (Boc)2O

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


