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Abstract

Ultrasound-promoted, highly e�cient reduction of several aromatic nitro compounds to the aromatic
amines was achieved by samarium/ammonium chloride mediated reaction. # 2000 Elsevier Science Ltd.
All rights reserved.

The synthesis of aromatic amines by various methods has been an active area of research for
many years. As a result, many methods are currently available in the literature.1 Some of these
have signi®cant limitations based on safety and handling considerations.2 Further, the reaction
conditions of many of these methods can destroy many sensitive functional groups. Catalytic
hydrogenation3,4 and catalytic transfer hydrogenation5 are the most common of these methods
for the synthesis of aromatic amines by the reduction of nitro compounds. However, metals such
as palladium and Raney nickel used for this purpose, in the presence of hydrogen gas or a
hydrogen donor, are ¯ammable when exposed to air and, in many cases, the use of a vacuum
pump and high temperature are necessary.
Recently, many novel reducing agents have been reported in the literature, such as decaborane

in methanol,6 electrochemically generated Raney nickel,7 indium±ammonium chloride in ethanol,8

samarium iodine in methanol,9 N,N-dimethylhydrazine/ferric chloride,10 hydrazine hydrate/ferric
oxide±magnesium oxide,11 diethyl chlorophosphite,12 and sodium borohydride±sodiummethoxide
in methanol.13 In general their main drawbacks are long reaction time, non-chemoselectivity and
the requirement of re¯ux temperature.
We have been engaged in the use of polycyclic aromatic amines for the development of anti-

cancer agents and towards this goal we have already reported the biological e�ects of a large
number of polyaromatic compounds.14 However, the supply of many of the parent amines from
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di�erent vendors is erratic. Therefore, we began a research program aimed at developing methods
to synthesize the starting polycyclic amines rapidly and in high yield, by using ecologically
friendly reagents. In this paper, we have developed a highly e�ective reducing agent by combining
samarium metal15 with ammonium chloride under sonication (Scheme 1).16

We believe that no other methods in the literature1ÿ13 can produce the aromatic amines by the
reduction of aromatic nitro compounds within this time frame and under such mild conditions.
A wide variety of aromatic nitro compounds were reacted by samarium metal and ammonium

chloride in methanol using ultrasound at room temperature (Table 1). For example, 6-nitro
chrysene (entry 2) was reduced to the 6-amino chrysene in only 10 min by this method in excellent
yield (86%). No reaction was observed in the absence of sonication.

Scheme 1.

Table 1

Ultrasound-promoted reduction of various aromatic nitro compounds by Sm/NH4Cl
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Similarly, nitro¯uorene (entry 3) was reduced to the amino ¯uorene within 10 min. Indium/
ammonium chloride reduction of the 2-nitro ¯uorene in the presence of sonication gave no
reduction at room temperature even after 30 min. By following one reported method8 we were
able to prepare 2-amino¯uorene by the reduction of 2-nitro ¯uorene at re¯ux temperature for 10 h
using methanol in the presence of indium/ammonium chloride. Iron powder in the presence of
ammonium chloride under sonication failed to produce traces of the amino compound. This
indicates that samarium/ammonium chloride has a much greater reducing ability than the indium/
ammonium chloride or iron/ammonium chloride combination, for the reduction of aromatic
nitro group. We have further veri®ed this conclusion by the facile chemoselective reduction of a
number of other aromatic nitro compounds by using samarium/ammonium chloride under
identical conditions. The reduction sensitive groups, such as bromo (entry 4), cyano (entry 5),
ester (entry 6), unsaturated bond (entry 7) and heterocyclic ring (entry 8) remained una�ected
during this transformation.
From a series of experiments, we found that 4-equiv. of samarium were required for completion

of the reaction. An increase in the amount of samarium did not reduce the time required. We
found that ammonium chloride was necessary since the reduction did not proceed in the presence
of samarium and methanol only.
The mechanism of this new reducing system is unknown to us. In an e�ort to ®nd the

mechanistic path, reduction of 6-nitro chrysene was carried out by reacting it with samarium
trichloride and samarium metal in methanol under sonication, since one can question the involve-
ment of samarium dichloride. We found that the progress of this reaction was slow in comparison
to the reaction when samarium metal and ammonium chloride were used. Therefore, we cannot
exclude the involvement of samarium dichloride as the reactive species. We observed the critical
role of methanol in this reaction as the reduction failed to produce amino compounds with any of
these substrates under identical conditions with other solvents, such as ethanol and tetrahydrofuran.
In conclusion, we have shown an expeditious method for the synthesis of aromatic amines by

the reduction of aromatic nitro compounds via samarium-induced ultrasound-promoted reaction
at room temperature within a few minutes.17
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