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Bismuth trichloride catalyzed synthesis of a-aminonitriles
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Abstract—A simple and efficient one-pot method has been developed for the synthesis of a-aminonitriles from aldehydes, amines,
and trimethylsilyl cyanide in the presence of a catalytic amount of bismuth trichloride.
� 2004 Elsevier Ltd. All rights reserved.
Table 1. BiCl3 catalyzed synthesis of a-amino nitriles with trimethyl-

silyl cyanide

Entry Aldehyde Amine Time

(h)

Yielda

(%)

1 Benzaldehyde Aniline 10 84

2 4-Chloro-

benzaldehyde

Benzyl amine 8 91

3 Hexanal Benzyl amine 9 83

4 Pentanal Aniline 8 81

5 4-Methoxy-

benzaldehyde

Benzyl amine 6 90

6 Furfural Benzyl amine 6 82

7 Thiophene

2-carboxaldehyde

Benzyl amine 6 84

8 Benzaldehyde Morpholine 7 89

9 4-Methoxy-

benzaldehyde

Pyrrolidine 6 86

10 Benzaldehyde Furfurylamine 5 89
The addition of cyanide to imines (the Strecker reac-
tion)1 provides one of the most efficient methods for
the synthesis of a-aminonitriles. a-Aminonitriles are
important intermediates for the synthesis of amino
acids2 and various nitrogen containing heterocycles such
as thiadiazoles and imidazoles.3 The classical Strecker
reaction is generally carried out with alkaline cyanides
in aqueous solution. Among various cyanide ion
sources,4 trimethylsilyl cyanide is a safer and easily hand-
led reagent compared to hydrogen cyanide, sodium
cyanide, or potassium cyanide.

Recently, there has been considerable interest growing
in the use of bismuth(III) halides as potential Lewis
acids in various organic reactions5 because they are inex-
pensive, relatively non-toxic, fairly insensitive to small
amounts of water, and environmentally benign reagents.
In this communication, we wish to report a simple and
efficient method for the synthesis of a-aminonitriles in
the presence of a catalytic amount of bismuth(III) chlo-
ride in acetonitrile at room temperature.

The reaction of benzaldehyde and benzyl amine with
TMSCN in the presence of a catalytic amount of BiCl3
afforded the corresponding 2-(N-benzylamino)-2-phenyl-
acetonitrile in 85% yield.6,7 The reaction is successful
using both primary and secondary amines with a variety
of aldehydes but not ketones. Moreover, acid sensitive
aldehyde such as furfuraldehyde afforded with high
yield. The reaction conditions are mild enough to per-
form the reactions in the presence of acid sensitive sub-
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strates. This method does not require any additives to
promote the reaction. The results have been summarized
in Table 1, which clearly indicates the scope and gener-
ality of this method with respect to various amines and
aldehydes including aromatic, aliphatic, and hetero-
cyclic (Scheme 1).

In conclusion, we have demonstrated a very simple, effi-
cient, and practical method for the synthesis of a-amino-
nitriles through a one-pot three component coupling of
aldehydes, amines, and trimethylsilyl cyanide using a
catalytic amount of bismuth(III) chloride. The major
advantage of this method is that it is truly a one-pot
11 Benzaldehyde 3-Methoxybenzyl

amine

5 90

a Yields refer to pure isolated products, characterized by 1H NMR and

MS.
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Scheme 1.
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procedure that does not require a separate step to pre-
pare an imine for subsequent use. The significant fea-
tures of this method include (a) operational simplicity,
(b) inexpensive reagents, (c) no need for any additive
to promote the reaction, (d) high yields of products,
and (e) the use of relatively non-toxic reagents and
solvents.
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7. Selected spectral data: 2-(N-benzylamino)-2-phenylaceto-
nitrile: 1H NMR (300MHz, CDCl3): d 1.85 (br s, NH), 3.96
(AB, q, J = 13.5Hz, 2H), 4.72 (s, 1H), 6.77 (d, J = 8Hz,
1H), 7.16 (t, J = 7.8Hz, 1H), 7.22–7.43 (m, 6H), 7.48–7.52
(m, 2H); MS m/z 223 (M + H)+; 2-(N-morpholino)-
2-phenylacetonitrile: 1H NMR (300MHz, CDCl3): d
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5H); 2-(N-benzylamino)-2-furfurylacetonitrile: 1H NMR
(300MHz, CDCl3): d 1.94 (br s, NH), 3.94 (AB, q,
J = 13.1Hz, 2H), 4.73 (s, 1H), 6.31 (m, 1H), 7.17–7.49 (m,
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