Béchamp Reduction

A. GENERAL DESCRIPTION OF THE REACTION

This reaction was first reported by Béchamp in 1854.! It is the reduction of aromatic nitro
compounds to the corresponding aromatic amines by iron, ferrous salts, or iron catalyst in
aqueous acid. Thus this reaction is generally referred to as the Béchamp reduction.? Besides
iron, zinc and tin are often used to reduce the aromatic nitro compounds in the presence of
an acid;> however, the reduction of aromatic nitro compounds often stops at an intermediate
stage, yielding hydroxylamines,* hydrazines,> azoarenes,’ or azoxyarenes.” These interme-
diates definitely indicate some aspects of the mechanism. Although the main drawbacks of
the Béchamp reduction include the slow reaction rate and costly steam distillation compared
with the catalytic hydrogenation of aromatic nitro compounds, the Béchamp reduction usu-
ally shows higher selectivity to the desired product.® In addition, this reaction might give
much better results if some neutral organic solvents were added to the aqueous reaction
mixture, such as acetonitrile and propylene carbonate.” Recently, a highly chemoselective
catalytic hydrogenation of nitrobenzenes using homogeneous iron complex catalysts has
been reported.'” The Béchamp reduction has been reviewed.!!

B. GENERAL REACTION SCHEME
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C. PROPOSED MECHANISMS

It is proposed that the nitro group is reduced via a multistep process, as shown below. %12
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A tentative mechanistic detail of the Béchamp reduction is also illustrated below.
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D. MODIFICATION

N/A

E. APPLICATIONS

This reaction is generally used to reduce aromatic nitro compounds into aromatic amines.

F. RELATED REACTIONS

N/A
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G. CITED EXPERIMENTAL EXAMPLES
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Reference 13.

To 300 mL EtOH was added 9.27 g 6-chloro-3-nitro-2-pyrrolopyridine (41 mmol), fol-
lowed by 115.25 g FeSO4-7H,0 (414 mmol), 0.5 mL 10 N HCI, and 5 mL water. The mixture
was heated at 80°C for 90 min, while a 30% ammonia solution was added in little fractions
to maintain a basic pH. After cooling, EtOH was evaporated under vacuum. The residue was
poured in 100 mL water and extracted with Et;O. After the usual treatment, the first amount
of the product was obtained. The aqueous phase was alkalinized with ammonia solution and
extracted with EtOAc. Finally, 4.59 g 3-amino-6-chloro-2-pyrrolopyridine was obtained as
a beige powder, in a yield of 57%, m.p. 89°C (recrystallization from 80% Et,O and 20%
n-hexane).
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Reference 14.

To mixture of 1.2 g iron (21.6 mmol), 0.25 mL 10 N HCl, 10 mL acetic acid, 10 mL
ethanol and 5 mL water was added 1.0 g 2-nitro-5-(2-piperidin-1-ylethoxy)benzaldehyde
(3.6 mmol). The mixture was refluxed for 15 min with stirring, and iron was removed by
filtration. The product was worked up as usual.

Other references related to the Béchamp reaction are cited in the literature. '3
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