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Abstract—Treatment of aliphatic and aromatic aldehydes with chiral amines and trimethylsilyl cyanide in the
absence or in the presence of Lewis acids (including lithium perchlorate) under solvent-free conditions afforded
the corresponding a-aminonitriles in good yields and with a diastereoselectivity of 68 to 86%.
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a-Aminonitriles constitute an important class of
organic compounds, which can readily be transformed
into o-amino acids and their derivatives [1]. The clas-
sical Strecker reaction underlies one of the most gen-
eral methods for the preparation of a-aminonitriles on
both laboratory and industrial scales [2]. Strecker reac-
tion typically involves addition of cyanide ion to Schiff
bases. Chiral a-aminonitriles were shown to be useful
synthons; therefore, development of procedures for
asymmetric synthesis of a-aminonitriles is strongly
desirable. A number of methods have been proposed
for enantioselective preparation of o-aminonitriles
[3, 4], e.g., via nucleophilic addition of trimethylsilyl
cyanide to Schiff bases generated in situ from carbonyl
compounds and primary amines in the presence of
a chiral Lewis acid or chiral complex [5-10]. We
recently reported on the Mannich aminoalkylation of
aldehydes with chiral amines in diethyl ether in the
presence of lithium perchlorate [11-13]. The present
communication describes a simple and efficient one-
pot three-component asymmetric synthesis of a-amino-
nitriles in the absence of a solvent and expensive chiral
Bronsted base with moderate diastereoselectivity.

In the first step, we examined the Strecker reaction
of benzaldehyde (I) and accessible optically pure
(R)-1-phenylethylamine (IIa) and (S)-1-phenylethyl-
amine (IIb) in the presence of various Lewis acids and
in the absence of a catalyst at room temperature to
obtain chiral Schiff base III as intermediate. Addition
of trimethylsilyl cyanide to the reaction mixture led to
formation of chiral a-aminonitriles IV and V in high

* The text was submitted by the authors in English.

yields and a diastereoselectivity (diastereoisomer ratio)
of 68 to 86% (Scheme 1, Table 1).

In the presence of small amounts of different Lewis
acids (~50 mol %), such as LiClOy4, Znl,, ZnBr,,
ZnCl,, BF;-OEt,, AlICI;, and L-proline, without any
solvent, the yields of a-aminonitriles IV and V in the
Strecker reaction of benzaldehyde (I) with (R)-1-phen-
ylethylamine (IIa) or (S)-1-phenylethylamine (IIb)
were 65-98%, and the diastereoisomer ratio varied
from 70:30 to 80:20. In the absence of Lewis acid,
the reaction of trimethylsilyl cyanide with chiral Schiff
base prepared in situ from benzaldehyde (I) and (R)-1-
phenylethylamine (Ila) afforded almost pure a-amino-
nitriles with a diastereoisomer ratio of 72:28. In ana-
logous reaction with (S)-1-phenylethylamine (IIb),

Scheme 1.
Ph Me H Ph
PhCHO + \{ —_ “
NH, [Ph)\N”J\Me]
I (R)-l1a, (S)-llb lila, b

H H
N _CN  Me. N

s Me;SICN 'V'e\r \‘/ . \r YCN
Ph  Ph Ph  Ph
(RR)IVa (R.S)-Va
major minor
H H
Me N _-CN  Me  N._CN
Ph  Ph Ph  Ph
(8,9)-Vb (S,R)-IVb
major minor



ONE-POT DIASTEREOSELECTIVE SYNTHESIS OF a-AMINONITRILES 49

Table 1. Yields and ratios of diastereoisomeric 2-phenyl-2-(1-phenylethylamino)acetonitriles in the reactions of benzaldehyde
with (R)- and (S)-1-phenylethylamines and trimethylsilyl cyanide in the presence of various Lewis acids without a solvent at

room temperature

Lewis acid Reaction with (R)-1-phenylethylamine (R)-(IIa) | Reaction with (S)-1-phenylethylamine (S)-(IIb)
ewisadl yield, % diastereoisomer ratio I'Va: Va yield, % diastereoisomer ratio Vb:IVb

- 96 72:28 96 69:31

LiClO, 98 78:22 94 76:24

Znl, 96 77:23 96 77:23

ZnBr, 93 76:24 88 76:24

ZnCl, 96 78:22 90 78:22

BF;-OEt, 98 76:24 88 75:25

AICl; 65 80:20

L-Proline 85 70:30

a-aminonitriles IV and V were formed at almost the
same ratio (69:31). The results are summarized in
Table 1. It is seen that the diastereoisomer ratio does
not change to a considerable extent in the presence of
an achiral Lewis acid, though LiClO,4, Znl,, and BF;-
Et,0 give better yields and disatereoselectivity, as
compared to the other Lewis acids.

In the second step, various Schiff bases generated
in situ from aliphatic and aromatic aldehydes and
chiral amine were reacted with trimethylsilyl cyanide
in the absence of Lewis acid and solvent at room tem-
perature. As a result, the corresponding a-aminonitriles
were formed in good to excellent yields in a short time
(~10 min). The diastercoisomer ratio varied from
86:14 to 68:32 (Scheme 2, Table 2); it was determined
from the CH signal intensities in the '"H NMR spectra
of the crude products, & ~4.70 (IV) and 4.40 ppm (V).
The configuration of both diastereoisomers was estab-
lished on the basis of their IR and "H NMR spectra and
published data [14-16].

To conclude, it should be emphasized that the pro-
posed one-pot procedure ensures preparation of almost
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pure a-aminonitriles with a relatively high diastereo-
selectivity from aliphatic or aromatic aldehydes,
(R)-1-phenylethylamine, and trimethylsilyl cyanide in
the absence of Lewis acid under solvent-free condi-
tions at room temperature in a short time. The use of
achiral Lewis acids, as well as carrying out the reaction
without a catalyst, does not change the product yield
and diastereoisomer ratio to an appreciable extent
[14-16]. To the best of our knowledge, the proposed
procedure is the first example of one-pot solvent-free
asymmetric Strecker synthesis.

EXPERIMENTAL

General procedure for the synthesis of a-amino-
nitriles IV and V in the absence of solvent and
Lewis acid. A mixture of 2 mmol of the corresponding
aldehyde and 3 mmol of (R)-1-phenylethylamine (Ia)
was stirred for 1 min at room temperature in a 25-ml
flask. Trimethylsilyl cyanide, 2.1 mmol, was then
added through a syringe, the mixture was stirred for
10 min at room temperature, 10 ml of water was
added, and the mixture was extracted with methylene
chloride (3 x2 ml). If necessary, the crude product was
purified by column chromatography using hexane—
ethyl acetate (6:1) as eluent. The products were iden-
tified by the IR, NMR, and mass spectral data and by
comparison with authentic samples.

General procedure for the synthesis of a-amino-
nitriles IV and V in the absence of solvent in the
presence of Lewis acid. A mixture of 2 mmol of the
corresponding aldehyde, 50 mol % of Lewis acid, and
3 mmol of (R)-1-phenylethylamine (Ia) was stirred for
1 min at room temperature in a 25-ml flask. Trimethyl-
silyl cyanide, 2.1 mmol, was then added through
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Table 2. Yields and ratios of diastereoisomeric a-aminonitriles in reactions of aliphatic and aromatic aldehydes with (R)- and
(S)-1-phenylethylamines and trimethylsilyl cyanide in the absence of Lewis acid and solvent at room temperature

R in RCHO Phenylethylamine Yield,? % Diastereoisomer ratio (R,R)-(VI):(R,S)-(VII)
4-FC¢H, (R)-(ITa) 98 72:28
2-Thienyl (R)-(ITa) 85 76:24
4-Pyridyl (R)-(I1a) 75 86:14
C¢HsCH=CH (R)-(ITa) 80 74:26
2-MeOC4¢H, (R)-(ITa) 75 72:28
1-Naphthyl (R)-(I1a) 79 70:30
2-Naphthyl (R)-(ITa) 82 72:28
4-CIC4H, (R)-(ITa) 88 68:32
2,4-Cl,CsH,4 (R)-(ITa) 90 72:28
(CH;),CH (R)-(ITa) 80 70:30
CsHsCH,CH, (R)-(ITa) 85 75:25
4-FCgH, (S)-(1Ib) 90 68:32°
2-Thienyl (S)-(IIb) 80 73:24°

 According to the '"H NMR data (500 MHz, CDCl,).
* (S.5):(S.R).

a syringe, the mixture was stirred for 10 min at room
temperature, 10 ml of water was added, and the mix-
ture was extracted with methylene chloride (2x 10 ml).
If necessary, the crude product was purified by column
chromatography using hexane—ethyl acetate (6:1) as
eluent. The products were identified by the IR, NMR,
and mass spectral data and by comparison with
authentic samples.

Caution! Although we had no accident while using
lithium perchlorate, it is advisable to dry LiClOy in
a fume hood using a suitable lab shield. All reactions
were carried out in a fume hood.

Some spectral data for the major diastereoisomers
are given below.

(R,R)-2-Phenyl-2-(1-phenylethylamino)aceto-
nitrile (IVa) [16]. IR spectrum (CH,Cly), v, cm™":
3323.4 (NH), 2248.2 (CN). 'H NMR spectrum
(500 MHz, CDCl;), 8, ppm: 1.48 d (3H, J = 6.5 Hz),
1.83 s (1H), 4.29 q (1H, J= 6.5 Hz), 4.41 s (1H), 7.23—
7.62 m (10H). >C NMR spectrum (125 MHz, CDCl;),
d¢c, ppm: 26.2 (CH;), 52.8 (HNCH), 57.4 (HCCN),
119.5 (CN), 127.4 (CH), 127.5 (CH), 128.0 (CH), 128.4
(CH), 129.0 (CH), 129.2 (CH), 135.8 (C), 143.8 (C).

(R,R)-2-(4-Fluorophenyl)-2-(1-phenylethyl-
amino)acetonitrile (VIa) [17]. IR spectrum (CH,Cl,),
v, em ' 3325.4 (NH), 2233.4 (CN). "H NMR spectrum
(500 MHz, CDCly), 6, ppm: 1.48 d (3H, J = 6.8 Hz),
1.98 s (1H), 4.29 q (1H, J= 6.7 Hz), 4.41 s (1H), 7.10-
7.70 m (9H).

(R,R)-2-(1-Phenylethylamino)-2-(2-thienyl)-
acetonitrile (VIb) [7, 18]. IR spectrum (CH,Cl,), v,
em': 3319.6 (NH), 2232.7 (CN). '"H NMR spectrum
(500 MHz, CDCly), 6, ppm: 1.48 d (3H, J = 6.5 Hz),
2.08 s (1H), 4.25 q (1H, J= 6.5 Hz), 4.59 s (1H), 7.01-
7.82 m (8H).

(R,R)-4-Phenyl-2-(1-phenylethylamino)-3-
butenenitrile (VId) [7, 17, 19]. IR spectrum (CH,Cl,),
v, em ' 3361.1 (NH), 2227.9 (CN). "H NMR spectrum
(500 MHz, CDCly), 6, ppm: 1.48 d (3H, J = 6.7 Hz),
1.72 s (1H), 3.99 d.d (1H), 4.2 q (1H, J = 6.6 Hz),
6.10 d.d (1H), 6.30 d.d (1H), 7.15-7.75 m (10H).

(R,R)-2-(2-Methoxyphenyl)-2-(1-phenylethyl-
amino)acetonitrile (VIe) [14]. IR spectrum (CH,Cl,),
v, cm: 3335.4 (NH), 2222.6 (CN). '"H NMR spectrum
(500 MHz, CDCly), 6, ppm: 1.47 d (3H, J = 6.5 Hz),
2.30 s (1H), 3.81 s (3H), 4.31 q (IH, J = 6.5 Hz),
4.54 s (1H), 6.95-7.50 m (9H).

(R,R)-2-(1-Naphthyl)-2-(1-phenylethylamino)-
acetonitrile (VIf) [2]. IR spectrum (CH,Cl,), v, cm™:
3329.9 (NH), 2243.0 (CN). 'H NMR spectrum
(500 MHz, CDCl;), 8, ppm: 1.51 d (1H, J = 6.8 Hz),
1.81 d (1H, J = 11.5 Hz), 4.38 q (1H, J = 6.7 Hz),
491d (1H, J=11.3 Hz), 7.20-7.91 m (12H).

(R,R)-2-(2-Naphthyl)-2-(1-phenylethylamino)-
acetonitrile (VIg) [16]. IR spectrum (CH,Cl,), v,
cm ' 3328.1 (NH), 2242.1 (CN). '"H NMR spectrum
(500 MHz, CDCly), 6, ppm: 1.49 d (3H, J = 6.5 Hz),
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1.91 d (1H, J = 11.9 Hz), 4.34 q (1H, J = 6.5 Hz),
4.59 d (1H, J = 11.9 Hz), 7.28-8.09 m (12H).

(R,R)-2-(4-Chlorophenyl)-2-(1-phenylethyl-
amino)acetonitrile (VIh) [14]. IR spectrum (CH,Cl,),
v, cm': 3329.9 (NH), 2232.7 (CN). 'H NMR spectrum
(500 MHz, CDCls), 6, ppm: 1.47 d 3H, J = 6.8 Hz),
1.83 d (1H, J = 12.1 Hz), 4.27 q (1H, J = 6.8 Hz),
4.39d (1H, J=12.1 Hz), 7.22-7.65 m (9H).

(R,R)-2-(2,4-Dichlorophenyl)-2-(1-phenylethyl-
amino)acetonitrile (VIi) [19]. IR spectrum (CH,Cl,),
v, cm ' 3331.2 (NH), 2235.2 (CN). 'H NMR spectrum
(500 MHz, CDCls), 8, ppm: 1.47 d (3H, J = 6.6 Hz),
1.84 d (1H, J = 11.1 Hz), 4.25 q (1H, J = 6.5 Hz),
4.65d (1H, J=11.4 Hz), 7.22-7.59 m (8H).

(R,R)-3-Methyl-2-(1-phenylethylamino)butane-
nitrile (VIj) [20]. IR spectrum (CH,Cl,), v, cm™":
3332.6 (NH), 2251.2 (CN). 'H NMR spectrum
(500 MHz, CDCl3), 6, ppm: 1.36 m (6H), 1.46 d (3H,
J=6.6 Hz), 1.71 m (1H), 2.11 s (1H), 3.6 d (1H, J =
6.4 Hz), 4.22 q (1H, J= 6.6 Hz), 7.21-7.45 m (5H).

(R,R)-4-Phenyl-2-(1-phenylethylamino)butane-
nitrile (VIK) [14]. IR spectrum (CH,Cl,), v, cm™":
3334.4 (NH), 2249.1 (CN). 'H NMR spectrum
(500 MHz, CDCly), 6, ppm: 1.48 d (3H, J = 6.5 Hz),
1.83 s (1H), 2.62 m (2H), 3.22 t (2H, J = 7.4 Hz),
3.71t(1H, J= 7.2 Hz), 4.32 q (1H, J= 6.5 Hz), 7.23—
7.58 m (10H).

The authors are grateful to the Research Council of
Sharif University of Technology for financial support.
We also thank Volkswagen-Stiftung (Federal Republic
of Germany) for financial support toward purchase of
equipments and chemicals.

REFERENCES

1. Mansawat, W., Bhanthumnavin, W., and Vilaivan, T.,
Tetrahedron Lett., 2003, vol. 44, p. 3805.

2. Matsumoto, K., Kim, J.C., Hayashi, N., and Jenner, G.,
Tetrahedron Lett., 2002, vol. 43, p. 9167.

3. Byrne, J.J., Chavarot, M., Chavant, P.-Y., and Vallee, Y.,
Tetrahedron Lett., 2000, vol. 41, p. 873.

4. Ishitani, H., Komiyama, S., and Kobayashi, S., Angew.
Chem., Int. Ed. Engl., 1998, vol. 37, p. 3186.

5. Chavarot, M., Byrne, J.J., Chavant, P.-Y., and Vallee, Y.,
Tetrahedron: Asymmetry, 2001, vol. 12, p. 1147.

6. Mori, M., Imma, H., and Nakai, T., Tetrahedron Lett.,
1997, vol. 38, p. 6229.

7. Sigman, M.S. and Jacobsen, ENN., J. A4m. Chem. Soc.,
1998, vol. 120, p. 5315.

8. Vachal, P. and Jacobsen, E.N., J. Am. Chem. Soc., 2002,
vol. 124, p. 10.

9. Takamura, M., Hamashima, Y., Usuda, H., Kanai, M.,
and Shibasaki, M., Angew Chem., Int. Ed. Engl., 2000,
vol. 39, p. 1650.

10. Takamura, M., Hamashima, Y., Usuda, H., Kanai, M.,
and Shibasaki, M., Chem. Pharm. Bull., 2000, vol. 48,
p. 1586.

11. Saidi, M.R. and Azizi, N., Tetrahedron: Asymmetry,
2002, vol. 13, p. 2523.

12. Saidi, M.R. and Azizi, N., Tetrahedron: Asymmetry,
2003, vol. 14, p. 389.

13. Naimi-Jamal, M.R., Ipaktschi, J., and Saidi, M.R., Eur.
J. Org. Chem., 2000, p. 1735.

14. Stout, D., Black, L., and Matier, W., J. Org. Chem.,
1983, vol. 48, p. 5369.

15. Hydari, A., Fatemi, P., and Alizadeh, A.A., Tetrahedron
Lett., 1998, vol. 39, p. 3049.

16. Leclerc, E., Mangeney, P., and Henryon, V., Tetra-
hedron: Asymmetry, 2000, vol. 11, p. 3471.

17. Yadav, J.S., Reddy, B.V.S., Eshwaraiah, B., and
Srinivas, M., New. J. Chem., 2003, vol. 27, p. 462.

18. Lovel, 1., Golomba, L., Belyakov, S., Popelis, J.,
Grinberga, S., and Leukevis, E., Appl. Organomet.
Chem., 2000, vol. 14, p. 721.

19. Sun, P, Quin, C., Wang, L., and Chen, R., Synth.
Commun., 2002, vol. 32, p. 2973.

20. Inaha, T., Fujita, M., and Ogura, K., J. Org. Chem.,
1991, vol. 56, p. 1247.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 42 No. 1 2006



