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Enantiomerically pure compounds are increasingy used 
by the pharmaceutical industry. Introducing cyanide into 
imine has been used as a method of synthesizing unnatural 
amino acids. There are many examples of the cyanation of 
imine by chemical methods.1 Strecker reaction is one of the 
best methods to make an optically active nitrogen-containing 
molecules. Trimethylsilyl cyanide (Me3SiCN) was the best 
cyanation agent in the presence of Ti-tripeptide Schiff base 
complex,2 Lewis acid,3 or cyclic dipeptide.4

These optically pure compounds can be efficiently prepar­
ed by enzymatic catalysis. Oxynitrilases are enzymes, which 
catalyze the formation and cleavage of cyanohydrins.5 The 
cyanohydrin formation reaction proceeds by stereoselective 
addition of hydrogen cyanide to aldehydes or ketones to give 
enantiopure <z-hydroxynitriles. These chiral cyanohydrins 
are precursors for numerous compounds such as pyrethroids, 
a-hydroxyacids and 2-amino alcohols.6 This simple method 
of C-C bond formation has become a promising method of 
obtaining a number of biologically active compounds.

In this article, we describe our study on the synthesis of 
optically active a-amino nitrile, using acetone cyanohydrine 
as a transcyanation agent and the powdered, defatted almond 
meal as a catalyst.7 (R)-(+)-oxynitrilase in almond meal were 
used to introduce a nitrile group into imine instead of a 
carbonyl group. The acetone cyanohydrine is an optimum 
reagent in the enzyme reaction because it provides a low 
HCN concentration. It prevents the chemical addition of 
HCN to imine under high HCN concentration. The powder­
ed almond meal is a cheap catalyst, which can be used 
without further purification.

The enzymatic reactions were carried out in a mixture of 
isopropyl alcohol (30 mL) and 0.2 N phosphate buffer 
(pH=7.8, 5 mL). The defatted almond meal (500 mg) and 
imine [(R)-1a] in isopropyl alcohol (1 mL) were added 
consecutively. The mixture was stirred at room temperature 
for 40 hrs. This method allowed us to obtain the (R) enriched 
diastereomer of 2a in a 81% yield.

Using defatted almond meal to catalyze the addition of CN 
group to the imines has made it possible for preparing 
optically active (R)-a-amino nitriles, which predominated 
over the (S)-isomer. All a-amino nitriles (2a-2m) were 
obtained with moderate diastereopurity of up to 81% for 
(R,R)-isomers when the configuration of the nitrogen 
auxiliary was R.

It is interesting to compare this with the results of 

diastereoselective addition of HCN to aldimine derived from 
(S)-(-)-a-methylbenzylamine. We anticipated that the oppo­
site ratio of two diastereomers could be obtained. However, 
the (R)-a-amino nitrile was obtained as a major isomer as 
well as the same value of diastereoisomer ratio. Almost the 
same values of diastereoisomer ratio was obtained in various 
substrates. The diastereoisomeric ratios of the products were 
determined by means of 1H NMR using the signals of benzyl 
protons as key signals. The signals of benzyl protons 
CH(Me)Ph appeared in well separated quartets; the down­
field (major) at S 4.23 ppm and the upfield (miner) at S 3.98 
ppm.

When the configuration of the nitrogen auxiliary was R, 
the (R,R)-a-amino nitriles were the resulting major products. 
However, when (S)-imines were applied in enzyme reaction, 
(S,R)-a-amino nitriles were obtained as major compounds in 
stead of (S,S)-a-amino nitriles. It is worth noting that the 
effect of the nitrogen auxiliary in imines was not observed. 
This result shows that the enzyme plays a major role in the

Figure 1. 1H NMR spectrum of 2a.
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Table 1. Enzymatic introduction of cyanide to imine

Run Imine X R Product
d.r.

Yield (%)-------------------
(R.R):(R.S) (S.R):(S.S)

81 77 : 23
76 74 : 26
50 79 : 21
42 75 : 25
42 75 : 25
49 — 77 : 23
92 — 72 : 28
57 — 81 19
43 — 72 : 28
48 — 76 : 24
44 — 79 : 21
48 — 73 : 27
40 — 71 : 29

2â

2cM

2ea
2ĝ

2î

2k̂

2m

1 (R)-1a phenyl- C6H5-
2 (R)-1b phenyl- 3,5-(CH3O)2C6H3-
3 (R)-1c phenyl- CH3CH2CH2-
4 (R)-1d 1-naphthyl- CH3CH2CH2-
5 (R)-1e 1-naphthyl- 4-(CH3O)C6H4-
6 (S)-1f phenyl- C6H5-
7 (S)-1g phenyl- 3,5-(CH3O)2C6H3-
8 (S)-1h phenyl- CH3CH2CH2-
9 (S)-1i 1-naphthyl- CH3CH2CH2-
10 (S)-1j 1-naphthyl- 4-(CH3O)C6H4-
11 (S)-1k phenyl- 4-(CH3O)C6H4-
12 (S)-1l 1-naphthyl- C6H5-
13 (S)-1m 1-naphthyl- 3,5-(CH3O)2C6H3-

1) The ratio of d.r. was based on the 1H-nmr spectrum. 2) The yield was based on the mixture of diasteromers.

introduction of cyanide into imine. In the spectra of (R,R)- 
2a, the signal due to the methine proton (Hb) at the a­
position to the cyano group was observed at 4.38 ppm, while 
that of the methine proton (Hd) of (R,S)-2a was observed at 
4.69 ppm. One of the reasons is that Hb is located above the 
benzene ring and is magnetically shielded.8

Nonenzymatic reaction of the aldehyde with cyanide is 
competed with enzymatic reaction. To solve the competitive 
reaction, the cyanohydrine which produces a low concent­
ration of hydrogen cyanide is used in the enzymatic reaction. 
To examine the nonenzymatic reaction of the imine with 
cyanide, the imine was stirred with acetone cyano- 
hydrine overnight without enzyme. Clearly, there was no 
progress of any reaction.

In summary, low priced of almond meal containing oxy- 
nitilase was used to introduce cyanide into imines instead of 
carbon-oxygen double bond, and a-amino nitriles were 
obtained with a moderate diasteromeric ratio. We have 
extended the use of (R)-oxynitrilase in almond meal to the 
synthesis of a-amino acids.

Experimental Section

General procedures. The chemicals for the synthesis of 
imines were commercially available. 1H NMR spectra were 
recorded on Varian (200 MHz) spectrometer using CDCl3 as 

a solvent and internal standard. Coupling constants (J) are 
given in Hz. The defatted almond meal was purchased from 
Sigma Co., Inc. (U.S.A.) The optically active (S)- and (R)- 
(+)-a-methylbenzylamine were commercially available.

Synthesis of imines (R)-1a. The (R)-(+)-a-methylbenzyl- 
amine (302 mg, 2.5 mmol) was added into the benzaldehyde 
(212 mg, 2 mmol) in dichloromethane (15 mL) at room 
temperature in the presence of 4 A molecular sieves (0.2 g) 
and then refluxed for 17 hrs. The reaction progress was 
monitored by TLC. After the reaction was completed, the 
molecular sieves were filtered and the reaction solvent was 
evaporated. The crude imine was used for enzyme reaction 
without further purification.

Enzymatic cyanation of imine. In a typical procedure, to 
the solution of almond meal (500 mg) in mixture of iso- 
prophyl alcohol (30 mL) and 0.2 N phosphate buffer (pH = 
7.8, 5 mL) was added the solution of imine [(R)-1a] (418 
mg, 2 mmol) in isoprophyl alcohol (1 mL) and acetone 
cyanohydrin (340 mg, 4 mmol) consecutively. The reaction 
progress was monitored by TLC. When the reaction was 
completed, the enzyme was filtered through celite, and the 
solvent was evaporated under reduced pressure. The product 
2a was isolated by column chromatography on silica gel 
(solvent hexane : ethyl acetate = 9 : 1). A 77:23 mixture of 
(R,R)-2a and (R,S)-2a was obtained in 81% yield. The 
diastereomers were separated by repeated column chromato­
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graphy.
1H NMR (CDCI3, 200 MHz) syn-(RR)-isomer (2a) S 1.43 

(d, 3H, J = 6.4 Hz), 1.72 (bs, 1H, NH), 4.24 (q, 1H, J = 6.4 
Hz), 4.39 (s, 1H), 7.15-7.85 (m, 10H); anti-(R,S)-isomer (2a) 
1.41 (d, 3H, J = 6.4 Hz), 1.79 (bs, 1H, NH), 3.99 (q, 1H, J = 
6.4 Hz), 4.70 (s, 1H), 7.15-7.85 (m, 10H).
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