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Abstract: Optimal conditions for chlorotris(triphenylphos-
phine)rhodium(I) (Wilkinson’s catalyst) catalyzed selective
saturation of a double bond in the presence of a nitro
function are developed. Aryl iodide and benzyl ether are also
tolerated under these hydrogenation conditions.

The nitro group is certainly one of the most reducible
functions in transition metal catalyzed hydrogenation
process.1 Therefore, selective saturation of an olefin in
the presence of an aromatic nitro group is a demanding
task and, indeed, very few general methods have been
described in the literature. While selective reduction of
a double bond in the presence of a nitro function with
Baker’s yeast2 and metal hydride3 have been reported,4
their application seems to be limited to Michael acceptors.
For the reduction of an isolated double bond without
touching the nitro group, the diimide protocol5 and
hydrogenation catalyzed by homogeneous catalysts such
as chlorotris(triphenylphosphine)rhodium(I) (Wilkinson’s
catalyst)6 have been reported by a number of groups and
are well-recognized. However, to the best of our knowl-
edge, no systematic studies have been carried out to
determine the optimal conditions even with Wilkinson’s
catalyst and, indeed, reduction of aromatic nitro com-
pounds to aniline derivatives under hydrogenation condi-

tions has been documented.7 In connection with our
ongoing project, a process allowing selective saturation
of an olefin in the presence of an aromatic nitro group
was required (Scheme 1). Being unable to realize this
transformation with various in situ generated diimide
species,8 we turned our attention to the Wilkinson’s
catalyst and observed a remarkable solvent effect, which
constitutes the subject of the present note.

In the hydrogenation of olefins catalyzed by Wilkin-
son’s catalyst, benzene, methanol, and a benzene-
methanol mixture were the most frequently used reaction
media.9 To our surprise, however, the hydrogenation of
1a in benzene at 1 atm led only to the recovered starting
material after 48 h of stirring. Although selective satura-
tion of olefin did occur in methanol, the long reaction time
required (48 h) prompted us to investigate in detail the
solvent effect on this transformation. As shown in Table
1, tetrahydrofuran (THF) turned out to be the solvent of
choice (entry 8).10 The addition of a protic cosolvent,
notably the tert-butyl alcohol, accelerated further the
reaction course (entry 9). Overall, under optimized condi-
tions (4% Wilkinson’s catalyst, 1/1 tert-BuOH-THF at
rt, 1 atm), olefin 1a was reduced within 5 h to provide
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Scheme 1

Table 1. Hydrogenation of Olefin (1a) Catalyzed by
Wilkinson’s Catalyst: A Survey of Reaction Conditions

entry solvent pressure/time yield of 2a (%)a

1 MeOH 1 atm/48 h 80
2 C6H6

b 1 atm/48 h 0
3 C6H5Mec 1 atm/48 h <20
4 C6H5Me 3 bar/48 h <50
5 MeOH/C6H6

d 1 atm/48 h 0
6 MeOH/C6H5Med 1 atm/48 h trace
7 MeOH/C6H5Me 3 bar/48 h <50
8 THF 1 atm/7 h 91
9 tBuOH-THFe 1 atm/5 h 95

10 MeOH-THFe 1 atm/48 h 93
a Isolated yield. b Benzene. c Toluene. d v/v ) 2/1. e v/v ) 1/1.
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the desired saturated nitro aromatic alkane 2a in 95%
yield.

The reaction conditions thus developed were found to
be quite general and have been applied to the selective
reduction of various substrates such as nitro-substituted
cinnamates, allylic alcohols, styrenes, and stilbenes
(Table 2). The benzyl ether and even aryl iodide (1k) were
tolerated under these mild hydrogenation conditions. The
yield was generally excellent except for the allyl azide
(1e). In this case, the conversion is low due to probably
the increased stability of the rhodium-olefin complex via
the participation of the azide function.6 As expected, it
was observed that the reduction of cis-olefin is faster than
the trans counterpart. Indeed, during the reduction of
geometrically pure cis-1k, partial isomerization of cis-
1k to trans-1k was observed when the reaction medium
was not carefully degassed.11

In conclusion, we developed general conditions allowing
selective hydrogenation of olefins in the presence of an
aromatic nitro function. In view of the widespread use
of the nitro group as an activating group and as a
surrogate of other functional groups, such a selective
reduction process should find applications in complex
organic synthesis.

Experimental Section

General Procedure. To a solution of substrate 1 in degassed
solvent (1/1 THF/tert-butyl alcohol, 0.14 M) and saturated by
hydrogen was added 4% Wilkinson’s catalyst. The solution was
stirred under a hydrogen atmosphere at room temperature.
When the hydrogenation was deemed complete by TLC, the
reaction mixture was filtered through a short pad of alumina
and washed thoroughly with diethyl ether. Purification by flash
chromatography on silica gel provided the saturated nitro
aromatic alkane 2 in excellent yield (Table 2).

Acknowledgment. We thank CNRS for financial
support. A doctoral fellowship from the Ministère de
l’Enseignement Supérieur et de la Recherche to A.
Jourdant and a research fellowship from CONACYT,
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Table 2. Selective Hydrogenation: a Substrate Survey

a Isolated yield. b Recovered starting material accounted for the
mass balance.
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