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Aromatic amines are versatile synthetic intermediates for

the synthesis of dyes, photographic materials, pharmaceuti-

cal and agricultural chemicals.1 There are a wide variety of

methods, which can be used to convert aromatic nitro groups

to their corresponding anilines. Some of them include

Cp2TiCl2/In,2 Al/NH4Cl,3 (NH4)2SO4/NaBH4,
4 N,N-dimethyl

hydrazine/ferric chloride,5 HI,6 Sm/I2,
7 In/NH4Cl,8 B4H10/

Pd/C9 and Co2(CO)8/H2O.10 However, most methods still

lack the desired chemoselectivity when other reducible

functional groups are present in the nitroarene and often

require prolonged reaction times, or harsh reaction condi-

tions. Recently, indium metal has drawn an increasing

attention for its unique properties such as low toxicity and

high stability in water and air compared with other metals.11

In continuation of our interest on the applications of indium

reagents for various transformations,12 we wish to report

here an efficient and chemoselective method for the reduc-

tion of various aromatic nitro compounds to the correspond-

ing amines by treatment with NiCl2·6H2O/In (eq. 1). We

have investigated the reactions of NiCl2·6H2O/indium system

with various nitroarenes and found that the reductions

generally proceeded with high yields and showed selectivity

over other labile substituents. 

(1)

The high yields of the reduction products and selectivity

over other labile substituents demonstrated the efficiency of

this new method. The new reduction system was generated

by the addition of indium powder to a stirred solution of

nickel chloride hexahydrate in methanol under sonication.12

The effect of the relative amounts of nickel chloride hexa-

hydrate to indium on the reaction was significant as can be

seen in Table 1. Some control experiments revealed that

nitroarenes could not be reduced by nickel chloride hexa-

hydrate or indium alone under the reaction condition. Table

2 illustrates the generality and the scope of this reagent

system. From the Table 2, we could see that this method was

highly chemoselective and many sensitive functional groups,

such as –Br, –Cl, –OH, –COCH3, –CN, –OCH3, and

–COOC2H5 are unaffected under the reaction conditions. It

was worth commenting that the sensitive carbonyl group

remains intact without any further reduction under the

reaction condition (entry 7). In addition, 4-nitrophenol

Table 1. The effect of the molar ratio of NiCl2·6H2O and indium to

the substrates on the reduction reaction

Nitrobenzene NiCl2·6H2O Indium Aniline yield (%)

1 1 1 45

1 1 2 56

1 1 4 95

1 1.5 3 64

1 2 4 70

Table 2. Reduction of nitroarenes to aromatic amines with

NiCl2·6H2O/In
a

Entr

y
Substrate Productb

Reaction 

time (hrs)

Yield 

(%)c

1 C6H5NO2 C6H5NH2 1.5 95

2 p-CH3C6H4NO2 p-CH3C6H4NH2 3.0 88

3 p-HOC3H4NO2 p-HOC3H4NH2 2.0 85

4 p-BrC6H4NO2 p-BrC6H4NH2 2.0 92

5 m-BrC6H4NO2 m-BrC6H4NH2 2.0 90

6 p-ClC6H4NO2 p-ClC6H4NH2 1.5 94

7 o-CH3COC6H4NO2 o-CH3COC6H4NH2 3.0 95

8 p-EtOOCC6H4NO2 p-EtOOCC6H4NH2 1.5 86

9 o-CH3OC6H4NO2 o-CH3OC6H4NH2 3.0 82

10 2.0 84

11 2.0 92

12 1.5 91

aAll the reactions were carried out under sonication. bAll isolated amines
were fully characterized by specteal analysis. cIsolated yield.
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proceeded successfully with this reduction system (entry 3).

Furthermore, this procedure showed remarkable selectivity

to give the anilines without any further dehalogenation

(entry 4, 5, 6, 10 and 11). The wide chemoselectivity of the

reaction and the mild reaction conditions should be

synthetically useful. After screening the reaction conditions,

methanol has been found to be the most suitable solvent for

the reaction in terms of reaction time and yield.13 All the

compounds obtained showed IR, NMR and mass spectral

data compatible with the structure. Thus, we have been able

to demonstrate the utility of easily accessible NiCl2·6H2O/In

system as a convenient reagent for effecting chemoselective

reduction of nitroarenes. Although the role of nickel (II)

chloride hexahydrate is still not clarified, it was assumed that

reduction of nickel (II) chloride with indium provided low-

valent nickel, which might be reducing the nitroarenes 1 to

give the corresponding amines 2. The reducing property

exhibited by metal-metal salt combinations proceeds

through transfer of one electron from the metal surface to the

substrate. In such combinations elementary metal part needs

to be more electropositive than the metal part of the salt.14

Another important aspect of metal-metal salt combinations

is the reduction potential difference of Ni+2/Ni (Eo = –0.236

V), In+3/In (Eo = –0.338 V) on which activity as well as

reactivity of these reagents depend. We believe that the

present procedure using NiCl2·6H2O/In system proceeds

through a single electron transfer (SET) process. The notable

advantages of this methodology are mild reaction condition,

readily available and inexpensive reagents, high yield, and

tolerance of various functional groups.

In conclusion, we have demonstrated that this procedure

using NiCl2·6H2O/In system provides a useful alternative to

the other presently used procedures since the reduction of

aromatic nitro compounds proceeds expeditiously and in

high yields under mild conditions. Further investigations of

NiCl2·6H2O/In system as reducing agent in organic synthesis

are currently in progress.
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