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The photo-induced reduction of nitrobenzenes with hy-
drazine hydrate was catalyzed by the ruthenium–bipyridine
complex to give the corresponding anilines.

Photo-induced redox reactions have provided a variety of
methods for synthetic reactions. An electron-transfer mecha-
nism operates in these reactions. Ruthenium–bipyridine com-
plexes are known as useful promoters to induce the redox re-
actions under photo-irradiation. The ruthenium–bipyridine
complex has been reported to serve as an one-electron oxidant
and reductant, which permits the construction of a catalytic re-
dox system for the biomimetic reaction.1 An efficient catalytic
system with practical potential, however, should be developed
from the viewpoint of synthetic methodology using rutheni-
um–bipyridine complexes. The reduction of nitrobenzenes to
aniline derivatives is one of the important reductive transfor-
mations. The photochemical methods involve N-methylacri-
dan–HClO4, CdS–VCl3–EtOH, and electrochemically generat-
ed nickel as a reduction system.2 This reductive transformation
has also been performed by a transition metal catalyzed reac-
tion in both homogeneous and heterogeneous phases.3 We
herein report the photo-induced reduction of nitrobenzenes
with hydrazine, catalyzed by the ruthenium–bipyridine com-
plex.

Treatment of nitrobenzene with 10 molar equiv of
H2NNH2�H2O in methanol in the presence of the ruthenium
complex, [Ru(bpy)2(MeCN)2](PF6)2 (3), under photo-irradia-
tion (Xe lamp, >300 nm, glass filter) gave aniline in 99%
yield, as shown in Eq. 1 (X = H, Table 1, entry 1).4 Without

photo-irradiation and/or hydrazine, no reduction occurred
(entries 2 and 3), indicating that the reduction is promoted
by photo-excitation of the ruthenium complex. Hydrazine
worked as a reductant. A similar function has been reported
in Fe2O3–MgO-catalyzed reduction.3b
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Methanol is a suitable solvent as shown in Table 2. Reduced
efficiency was observed with CH2Cl2 (entry 2). Use of aceto-
nitrile or THF drastically decreased the yield under similar
conditions (entries 3 and 4). The other ruthenium–bipyridine
complexes, [Ru(bpy)3]Cl2 and [RuCl2(tpa)]BF4 (tpa = tris[2-
(pyridyl)methyl]amine), shown in Table 2 served as less effi-
cient catalysts under similar conditions (entries 5 and 6). These
findings suggest that acetonitrile of the ruthenium–bipyridine
complex 3 can be considered to be an exchangeable ligand that
will give a superior catalyst.

The present method using complex 3 as the catalyst was ap-
plicable to the reduction of various nitrobenzenes (Table 3).
The nitrobenzenes bearing an electron-withdrawing or -donat-
ing group underwent the smooth reduction to give the corre-
sponding aniline derivatives in high yields. The cyano and
chloro groups were intact in this reaction.

A new absorption (b) appeared in UV–vis spectrum by treat-
ment of 3 with H2NNH2�H2O under photo-irradiation (Fig. 1).

Table 1. GC Yields of Aniline in the Ru-Catalyzed Reduc-
tion of Nitrobenzene under Various ConditionsaÞ

Entry Conditions
GC yield of
aniline/%

1 h� 99
2 dark, rt 0
3 dark, reflux 0
4 h�, without Ru complex 20

a) 3, 0.06 mmol; hydrazine monohydrate, 1 mmol; solvent,
MeOH; irradiation (>300 nm) for 5 h.

Table 2. Ru-Catalyzed Reduction of Nitrobenzene under
Photo-IrradiationaÞ

Entry Catalyst Solvent
GC yield of
aniline/%

1 3 MeOH 99
2 3 CH2Cl2 52
3 3 MeCN 12
4 3 THF 18
5 [Ru(bpy)3]Cl2 MeOH 82
6 [RuCl2(tpa)]BF4 MeOH 22

a) Ru catalyst, 0.06 mmol; hydrazine monohydrate, 1 mmol;
irradiation (>300 nm) for 5 h.

Table 3. Ru-Catalyzed Reduction of Nitrobenzenes under
Photo-IrradiationaÞ

Entry
1

Catalyst
Isolated yield of 2

X /%

1 H 3 92bÞ

2 H Ru(bpy)3Cl2 64
3 Cl 3 82
4 Cl Ru(bpy)3Cl2 8
5 CN 3 70
6 CN Ru(bpy)3Cl2 17
7 OMe 3 88
8 OMe Ru(bpy)3Cl2 56

a) Ru catalyst, 0.06 mmol; hydrazine monohydrate, 1 mmol;
solvent, MeOH; irradiation (>300 nm) for 5 h. b) Isolated
as acetanilide.
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An active catalytic species is considered to be formed in the
reaction system. The reaction mixture exhibited an absorption
(c) similar to that observed in (b). Based on these spectral data,
the species like a ruthenium–hydrazine complex is suggested
to be involved in the one-electron reduction (Scheme 1). The
hydrazine ligand might be oxidized to a diazene ligand in
the redox reaction, as reported.5 Trace amounts of azoxyben-

zene and azobenzene were detected by GC–MS, which also
suggests the ruthenium-catalyzed one-electron reduction
through a photo-induced metal to ligand electron transfer, fol-
lowed by electron transfer from metal complex to nitroben-
zene. Nitrosobenzene might be formed through proton and
hydrogen transfer, as reported in this type of reduction.3a,c

In conclusion, the ruthenium–bipyridine complex catalyzed
reduction with hydrazine under photo-irradiation has been
achieved to provide a practical protocol for the reduction of ni-
trobenzenes. Further studies on the application of this method
are now in progress.
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Fig. 1. UV–vis spectra in MeOH. (a) 3; 5� 10�5 M. (b) 3
+ hydrazine (167 molar equiv). (c) Reaction mixture.
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Scheme 1.
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