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Enantiopure cyanohydrins are vahmble building blocks for chemical syntheses giving rise to 
important classes of compounds such as a-hydroxy acids, a-hydroxy ketones, Damino alcohols and 

pyrethroid pesticides. The&ore, considerable interest has been devoted to the deveio@nent of 

preparative methods for these chiml synthons. l-8 High enantiopurity is obtained by using kinetic 

resolution of racemic cyanohydrin deri4ves catsly& by lipeses or estems&13 as we4 as 

employing the enzyme catalyzed cyanohydrin reaction. Aromatic (R)- and (s)- cyanohydrins end 

aliphatic (R)-cyanohydrins are available by the latter method using either (R)-hydroxynhrile lyase 
from almonds (E.C.4.1.2.10)~4-2-23 or (A’)-hydroxynhrile lyases from S@IWM bfcolor 
(E.C.4.1.2.11)2‘- or Ximenia ame&am&*a The chemoeqmatic asymmetric synthesis of 
aliphatic (Qqanohydrins, however, & cot yet been achieved. 

Recently a hydroxynitrile lyase was @@ted f?om the leaves of Hevea bra&en&.*9 Contrary 
to the previously memtioned enzymes we found that the application of this enzyme to cyanohydrin 
reactions results in the formations of both aromatic and aliphatic (S)-u-hydroxynitriles in good 
enantiopurity. 

In order to obtain good ensntiomeric excess in cyanohydrins it is important to supress the 
competing non-enzymatic reaction. Following pro&ores already known this can be achieved by 
either using organic solvents1S1*J3 or hy carrying out the reaction in aqueous medium at a 

sufficiently low pH valuG4 as well as by keeping the concentration of cyanide ion at a low level 
throughout the reaction. 
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Inourexpcrimentsthererctionwas~~outin~wousmadiumotlowpHby~ 
acetonecyurohydrinrucyrniderource.Attemptrtocanyoutthereactionino~cro~(e.g. 
ethyl acetate, hepUll% toluene) and mktures thereof with low content of water were not succes&. 
Theenzymeca@zedtransh~onhasfeumtlybeenrppliedtothe~sof(R)- 
cyanohydrins.18~23 
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Equilibria (1) and (2) are e5ciently catalyzed by hydroxynitrie lyase t+om H;M~ bm.&imsi. At a 
pH vahle of 4.0 no signkant chemical reaction (witbout enayme) takes place.30 The ratio of the 
qiliium constants K1 and K2 is in fivour of the formation of cyanohydrins 2. 

In typical cxpalments31 a two&Id molar excess of cyanide donor (a&tone cyanohydrin) is 
used. When applying 100 units of d2 per mmol substrate conversions of about 80 - 100 % 
were achieved within two hours. The only exceptions found were those qarding the formation of 
cyanohydrins 2c and 2h; here only 35 % conversion was obtained: This was probably due to the low 
solubility of the corresponding aldchydes le ad Ih in aqueous but&. The enantiomeric excess of 
(SJ-qanohydrios obtained by the method of enzymatic WanshydrocyaMon is given in table 1.33*34 
In most &ses the enantiomeric excess obtained is within the range of 80 to 94%, except for the 
reaction of pivalaldehyde (1~) and 3-phmxy-bea&dehyde (lh) where also staic constknts of the 
active site might be responsible. Following the reaction conditions given here, no l+addition 
product of compound If could be observed. 

Table 1: En-0 w oynthooia of cyanohydiinr (S)-2a-h 

compd. No. R %@a” campd.No. R %OOM 

8 CH3(CH& 80 e CH3(CH2)7 85 

b (C”3WH 81 t CH2-CH 84 

C (CW3C 87 Q C6H5 94 

d CH3(CH2)4 84 h 9-(CeH50)C3Ha 20 
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still remains 20 % of their optimum catalytic activity See ref. 35. 



4772 

31. Procedure: 

Preparation of cya&ydrins (Lyb2e2f 

Example: 200 units of crude enzyme .were suspended in 15 ml 0.1 A4 Na-citrate buffer (PH 
4.0). To this 0.2 g (2mM) of hexanal and 0.34 g (4 n&l) of acetone cyanohydrin were added 
and the reaction was shaken at r.t. for two hours. 
After this time there was a 93% conversion to the cyanohydrin (monitored by gas 
chromatography). Methylene dichloride (20 ml) was added and the aqueous phase was 
extractedtwice.Afterremovalof~sohrentwrderreducedprassurethsctudeproductwas 
pm-i&d on silica gel with petroleum ether/ethyl acetate (4/l) as eluent and subjected to 
kugelrohr distillation to give 0.19 g (75%) of (A+)-2d M ;I colorkss oil. [a]; -12.1° (c 1.4, 
chloroform); ee 84%. Lit.36 [a]: -4.2’ (chloroform); ee 26%. 

Preparation of cyanohydrins Q-2g and Q-2h 

Example: 200 units of crude enzyme were suspended in 15 ml 0.1 M Na-citrate bu&r (pH 
4.0). To this 0.21 g (2mM) of benzaldehyde and 0.34 g (4 n&f) of acetone cyanohydrin were 
added and the well sealed flask was shaken for two hours at r.t. 
The reaction was monitored by TLC until almost all benzaldehyde had disappeared. The 
reaction was extra&d twice with methylve dichloride (20 ml) and the solvent was removed 
under reduced pressure. The crude product was fbrther purified on silica gel with ethyl 
acetate&xnzen~methylene dichloride (l/15/25) as eluent to give 0.21 g (79%) of (s)3g as a 
slightly yellow oil. [a]: -46. lo (c 2.1, chloroform); ee 94%. 

32. 

33. 

34. 

The leaves were obtained from Dr. Isidore Gomes, Bangladesh Jute Research Institute, 
Dhaka, Bangladesh. 
The absolute configurations of the product cyanohydrins 21-b were ass&d by optical 
rotation m easurement. In addition, for compound 2d the configuration wss assigned based on 
the elution order of’its diastereomeric menthyl carbonates; tR = 32.28 min (major (s)- 
enantiomer) tR = 32.60 min (minor (R)-etitiomer). 
The enantiomeric excess for compounds Za-g wss determined by gas chromatography of 
their respective menthyl carbonates on a 25 m x 0.25 pm DB-1701 fised silica capillary 
column with nitrogen gas as carrier; The enantiomeric excess for compound fh was 
determined by liquid chromatography of its (-)-MTPA ester on LiChrosorb Si 60 with 
hexan&thyl acetate (25/l) as eluent. 
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