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Lyase f r o m  H e v e a  b r a s i l i e n s i s t  
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lnstitut for Organische Chemic der Technischen Universit~it Graz, Spezialforschungsbereich Biokatalyse, 

Stremayrgasse 16, A-8010 Graz, Austria 

Abstract: Several aliphatic, aromatic and heteroaromatic aldehydes have been converted into the chiral cyanohydrins 
using the (S)-hydroxynitrile lyase from Hevea brasiliensis. The corresponding cyanohydrins were obtained in moderate to 
good yield and high enantiomeric excess with the exeption of phenyloxyacetaldehyde, benzyloxyacetaldehyde and the 
pyrrole-, pyridine- and indolealdehydes investigated. In contrast to previously reported results, cinnamaldehyde could be 
converted into (S)-(-)-2-hydroxy-4-phenyl-(E)-but-3-enenitrile with good selectivity by means of optimized reaction 
conditions. Copyright © 1996 Elsevier Science Ltd 

Cyanohydrins are of broad interest as starting materials for the preparation of several important classes of 

compounds such as cc-hydroxyacids and -esters, c~-aminoacids, [~-aminoalcohols, c¢-hydroxyaldehydes, vicinal 

diols and et-hydroxyketones. 1-4 Due to the increased demand for the availability of chiral compounds as pure 

enantiomers a number of methods for the preparation of enantiopure cyanohydrins have been developed using 

various chiral catalysts, such as cyclic dipeptides, 5-7 chiral complexes with titanium, 8,9 aluminium 1° and boron I 1 

or enzymes for resolution.12-16 Also the enantioselective synthesis of cyanohydrins has been performed 

enzymatically by means of hydroxynitrile lyases (oxynitrilases) from different plant sources. 17-21 

We have recently shown that the hydroxynitrile lyase from Hevea brasiliensis is an efficient catalyst for the 

preparation of aliphatic (S)-cyanohydrins. 22,23 To explore scope and limitations of this reaction a broad range of 

aldehydes has been investigated (see Scheme 1) using as enzyme a crude recombinant protein, which was 

prepared by overexpression in Pichia pastoris. 24 To avoid the handling of free hydrogen cyanide, KCN and a 

citric acid buffer (pH 4.0 or 4.5), which generates HCN in situ, was applied. Under these conditions the 

spontanous addition of HCN to the aldehyde in most cases is almost completely suppressed, which leads to a high 
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optical purity of the corresponding cyanohydrin. In order to obtain stable compounds for structural analysis and 

for follow up reactions of our interest, the cyanohydrins were acetylated. Unless otherwise indicated, optimized 

reaction conditions were employed (see Experimental Part). The data shown in Table 1 suggest, that the synthesis 

of aromatic and heteroaromatic cyanohydrins can be accomplished with excellent enantiomeric purity. In 

particular, the superior selectivity for furan-2- (Ira), thiophene-2- (lo) and -3-aldehyde ( lp)  in comparison to 

results obtained by using (S)-hydroxynitrile lyases from other plant sources 19,21,25 is striking. 
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The aldehydes I f  and lg,  which are substituted either in the 3- or 4-position of the aromatic ring, gave the 

corresponding chiral cyanohydrins with no significant differences in optical purity. In contrary, 2- 

methoxybenzaldehyde (le) could be converted into its cyanohydrin only with relatively low enantiomeric excess, 

which might be explained by an unfavorable steric interaction of this substrate with the catalytic site of the 

enzyme. 3-Phenoxybenzaldehyde ( lh )  is transformed by the enzyme from Hevea brasil iensis  with good 

enantiomeric excess, although it is an aldehyde which reacts slowly, presumably because of its low solubility in 

the aqueous system. 

Table 1, Enantioselective formation of cyanohydrins using (S)-hydroxynitrile lyase from Hevea brasiliensis. 

aldehyde yield(%) e.e.(%) a aldehyde yield(%) e.e.(%) aldehyde yield(%) e.e.(%) 

a 67 >99 b h 9 99 o 52 99 b,d 

b 44 99 i n.d. e 0 p 49 99 b,d 

c 88 93 j n.d. 0 q 0 0 

d 50 95 k 94 99 r n.d. 0 

e 61 77 I 87 99 c s n.d. 0 

f 80 99 m 55 98 b,d t n.d. 0 

g 49 95 n 61 99b,f u 0 0 

[a] all (S)-configurated. [b] Standard conditions were employed (see Experimental Part). [c] diastereomeric excess, because aldehyde 11 
was racemic. [d] (R)-configuration has to be assigned according to Cahn-Ingold-Prelog (CIP). [e] not determined. []] configuration not 
determined. 

The cyanohydrins of pyridine-2- (lr) ,  -3- (Is) and -4-aldehyde (It) were found to be racemic although 

their corresponding aldehydes are perfectly soluble in the aqueous reaction medium used. However, blank 

experiments without the enzyme present in the reaction mixture, also resulted in formation of the (racemic) 

cyanohydrins 2r, 2s and 2t. This indicates that the carbonyl group of the tested pyridine aldehydes is highly 

activated, which leads to an increased rate of the spontanous addition of HCN and therefore to a complete loss of 

optical purity. However, Effenberger et al. 3 were able to increase the enantiomeric excess of the cyanohydrin 

derived from nicotinic aldehyde up to 82% using an immobilized (R)-hydroxynitrile lyase from Prunus amygdalis 

in organic solvents. 

Compound l u  is only partially soluble in the citric acid buffer solution and this may be the reason that no 

conversion was observed. H6rsch 25 was unable to transform this aldehyde as well, although an immobilized (R)- 

hydroxynitrile lyase in organic solvents has been used in this case. Pyrrol-2-aidehyde ( l q )  was also not 

converted, although it is nearly perfectly soluble in the aqueous citric acid buffer. It is known, 3,7,25,27 that some 

nitrogen containing heteroaromatic carbonyl compounds are difficult to convert into the corresponding optically 

enriched cyanohydrins. This observation is so far not clearly understood and therefore has to be further 

investigated. 

Phenoxy- ( l i )  and benzyloxyacetaldehyde ( l j )  showed moderate solubility in citric acid buffer, the 

corresponding cyanohydrins were found to be racemic. Regarding l i  the same observation has already been made 

using a (R)-hydroxynitrile lyase preparation from Prunus amygdal is  in ethanol/acetate buffer.18b Other 
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arylsubstituted aliphatic aldehydes are transformed into the corresponding cyanohydrins by using the (S)- 

hydroxynitrile lyase from Hevea brasiliensis with good enantioselectivity. Even 3-phenylpropanal (le), which is 

difficult to convert with good yield and optical purity using standard reaction conditions (see Experimental Part), 

could be reacted to give the corresponding cyanohydrin with at least 93% e.e. and 88% yield after optimizing the 

reaction conditions in aqueous buffer solution. In contrast to previous observations,18b,23 cinnamaldehyde (ld) 

could be converted into the corresponding (S)-cyanohydrin with good selectivity by means of optimized reaction 

conditions. However, in contrary to all the other substrates tested, cinnamaldehyde cyanohydrin (2d) showed a 

significant rate of racemization during the derivatization into its acetate. Therefore we prepared the TBDMS 

derivate (3d') of this compound, which proceeded with no noteworthy loss of optical purity. Recently, also a 

method for the preparation of the (R)-cyanohydrin derived from cinnamaldehyde catalyzed by a (R)- 

hydroxynitrile lyase has been developed. 33 

The alicyclic aldehydes lk  and 11 are known to convert into the corresponding cyanohydrins with good 

optical purities by means of the (R)-hydroxynitrile lyase from Prunus amygdalis. 25,29 In contrast to previous 

observations with the hydroxynitrile lyase from Sorghum bicolor, 25 which shows (S)-selectivity, we were able to 

prepare the (S)-cyanohydrins of both lk  and II with good yield and enantiomeric excess. 

E X P E R I M E N T A L  

1H NMR and 13 C NMR spectra were recorded on a Varian Gemini 200 MHz or on a Bruker MSL 300 MHz 
instrument in CDCI3 using tetramethylsilane as an internal standard. IR spectra were recorded on a Bomem 
Michelson 100 instrument, MS spectra on a Kratos Profile sector field instrument (70 eV). Optical rotations were 
measured using a Jasco DIP 370 polarimeter. Determination of the enantiomeric excess was accomplished by gas 
chromatographic resolution of the corresponding acetates on a 25m x 0.32 mm Chirasil-DEX-CB fused silica 
capillary column (0.25 ~tm; carrier gas hydrogen). In case of compound 2d, the corresponding TBDMS ether 
3d' was used for measuring the e.e., employing a CHIRACEL OD-H HPLC-column (25 x 0.46 cm) with n- 
heptane/2-propanol 99/1 (v/v) as the eluent with a flow rate of 0.6 ml/min and UV detection (254 nm). 

Chemicals 
In all cases commercially available products were used. Aldehydes with a purity of less than 99% were 

distilled in an inert atmosphere prior to use. 

Enzyme preparation 
A recombinant (S)-hydroxynitrile lyase, which is homologous to the natural enzyme from Hevea 

brasiliensis, was prepared by overexpression in Pichia pastoris . A crude cytoslic extract was used for all 
biotransformations.24 

Enzyme catalyzed preparation of cyanohydrins and the corresponding acetates 
1. Standard conditions 

To a solution of 3 mmol aldehyde in 5 ml 0.1 M sodium citrate buffer (pH 4.0) were added 300 IU of crude 
enzyme extract (140 IU/ml) and the mixture was cooled down to ice bath temperature. Subsequently 2 mole 
equivalents of potassium cyanide, adjusted to pH 4.0 with cold 0.1 M citric acid (45 ml), were added dropwise 
within 20 min under continuous cooling. Stirring at 0 - 5°C was continued for additional 40 min, followed by 
extraction of the product with methylene chloride (3 x 50 ml). After drying over anhydrous sodium sulfate and 
evaporation of the solvent, the crude cyanohydrin was obtained, which was purified by column chromatography 
on silica gel using petroleum ether/ethyl acetate (5/1 or 9/1) acidified with a trace amount of anhydrous HC1 as the 
eluent. Unless otherwise mentioned, all cyanohydrins isolated were colorless to slightly yellow oils. 
Crystallization of the free cyanohydrins, which may alter the enantiomerical composition, was not attempted. 

After measuring the optical rotation of the free cyanohydrin, the compound was converted directly into the 
acetate by reaction with 2 mole equivalents of acetic anhydride and pyridine in methylene chloride (20 ml) at room 
temperature overnight. Washing the organic layer with 5% H2SO4, distilled water and saturated NaHCO3 (20 ml 
each), drying with anhydrous sodium sulfate and concentrating the reaction mixture in vacuo followed by flash 
chromatography in petroleum ether/ethyl acetate (5/1 or 9/1) yielded the pure acetylated cyanohydrins as colorless 
to slightly yellow oils, which were used directly for structural analysis. 
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(S)-(-)-2-Hydroxy-2-phenylacetonitrile (2a). [0~]D 20 -46.5 ° (c 1,4, CHCI3); Lit.18b: [Ct]D 20 +45 ° (C 1, CHCIa) 
for the (R)-isomer with e.e.>99%. Isolated yield (after chromatography): 67%. 
(S)-(-)-2-Acetoxy-2-phenylacetonitrile (3a). [Ct]O20 -7.24 ° (c 2.3, CHC13); Lit.a0: [ct]o 2° +7.8 ° (c 5, CHCI3) for 
the (R)-isomer with 97% e.e.. Isolated yield (after chromatography): 89%; e,e.>99%. -1H NMR: fi(ppm) 2.16 
(s, 3H, CH3CO); 6.42 (s, IH, CH); 7.48 (m, 5H, aromatic). -13C NMR: 168.87 (C=O); 131.80 (C-l); 130.48 
(C-4); 129.32 (C-3,5); 127.94 (C-2,6); 116.12 (CN); 62.92 (CH); 20.54 (CHACO). -IR: 3040, 2950, 1750, 
1380, 1220, 1020, 700 cm -1. -MS: m/z (rel. intensity %): 175 (M+,42), 133 (100), 116 (65), 115 (75), 105 
(33), 89 (20), 77 (15), 63 (10), 51 (10), 43 (55), 39 (6). 
(R)-(-)-2-(2-Furyl)-2-hydroxyacetonitrile (2ra). [Ct]D 20 -27.3 ° (c 2.3, CHCI3); Lit.7:lot]D25 +14 ° (c 1.8698, 
CHCla) for the (S)-isomer with 79% e.e.. Isolated yield (after chromatography): 55%. 
(R)-(+)-2-Acetoxy-2-(2-furyl)acetonitrile (am). [ct]O 2° +24.3 ° (c 1.6, CHC13); Lit.26:[Ct]D25 +12.8 ° (C 1.02, 
CHCla) for the (R)-isomer with 47% e.e.. Isolated yield (after chromatography): 86%; e.e.=98%. -1H NMR: 
8 (ppm) 2.17 (s, 3H, CH3CO); 6.45 (dd, 1H, J=l.83 Hz, J=3.34 Hz, furyl); 6.47 (s, 1H, CH); 6.68 (dd, 1H, 
J=3.34 Hz, J=0.50 Hz, furyl); 7.51 (dt, IH, J=1.85 Hz, J=0.92 Hz, furyl). -13C NMR: 168.68 (C=O); 145.10, 
144.03, 112.64, 111.18 (furyl); 114.17 (CN); 55.77 (CH); 20.38 (CH3CO).-IR: 3140, 2950, 1760, 1370, 
1210, 1010, 750 cm -l .  -MS: m/z (rel. intensity %): 165 (M +, 38), 123 (55), 106 (100), 105 (52), 95 (12), 77 
(62), 68 (5), 51 (24), 43 (95), 39 (13), 32 (3), 28 (30). 
(-)-2-(3-Furyl)-2-hydroxyacetonitrile (2n). [Crib 2° -14.8 ° (c 2.25, CHC13). Isolated yield (after 
chromatography): 61%. 
(-)-2-Acetoxy-2-(3-furyl)acetonitrile (an). [~]D 20 -11.6 ° (C 2.0, CHC13). Isolated yield (after chromatography): 
80%; e.e.=98.5%. -IH NMR: 8(ppm) 2.16 (s, 3H, CH3CO); 6.36 (s, 1H, CH); 6.54 (dd, 1H, J=1.87 Hz, 
J=0.83 Hz, furyl); 7.47 (dd, 1H, J=1.79 Hz, J=1.69 Hz, furyl); 7.68 (m, 1H, furyl). -13C NMR: 169.15 
(C=O); 144.77, 142.75 (C-2', C-5'); 118.34, 109.46 (C-3', C-4'); 115.86 (CN); 55.78 (CH); 20.63 (CH3CO). 
-IR: 3140, 2950, 1760,1370, 1220, 1160, 1020, 870, 600 cm -1. -MS: m/z (tel. intensity %): 165 (M +, 3), 123 
(25), 106 (29), 95 (8), 77 (6), 51 (12), 43 (100), 39 (5), 32 (4), 28 (25). 
(R)-(-)-2-Hydroxy-2-(2-thienyl)acetonitrile (2o). [Ct]D 2° -61.3 ° (c 2.0, CHC13); Lit.7: [Ct]D 25 +46.8 ° (c 2.515, 
CHCIa) for the (S)-isomer with 58% e.e.. Isolated yield (after chromatography): 52%. 
(R)-(+)-2-Acetoxy-2-(2-thienyl)acetonitrile (3o). [Ct]D 2° +10.4 ° (c 0.3, CHCI3); Lit.a°: [O~]O20 -8.3 ° (C 5, 
CHCIa) for the (S)-isomer with 85% e.e.. Isolated yield (after chromatography): 83%; e.e.=99%. -IH NMR: 
8(ppm) 2.17 (s, 3H, CH3CO); 6.63 (s, 1H, CH); 7.05 (dd, IH, J=3.64 Hz, J=5.13 Hz, thienyl); 7.35 (ddd, 
1H, J=1.27 Hz, J=3.64 Hz, J=0.67 Hz, thienyl); 7.42 (dd, 1H, J=1.28 Hz, J=5.12 Hz, thienyl). -13C NMR: 
168.97 (C=O); 133.80, 129.79, 129.20, 127.47 (thienyl); 115.66 (CN); 58.34 (CH); 20.63 (CHACO). -IR: 
3100, 2940, 1760, 1370, 1210, 1020, 720 cm -1. -MS: m/z (rel. intensity %): 181 (M +, 50), 139 (32), 122 (87), 
121 (100), I l l  (18), 95 (6), 84 (6), 78 (6), 69 (7), 58 (10), 51 (7), 45 (30), 43 (85), 39 (18), 32 (3), 28 (12). 
(R)-(-)-2-Hydroxy-2-(3-thienyl)acetonitrile (2p). [Ct]D 2° -42.6 ° (c 1.65, CHCI3); Lit.25: [Ct]D 2° -45.1° (c 0.71, 
CHC13) for the (R)-isomer with 87% e.e.. Isolated yield (after chromatography): 49%. 
(R)-(+)-2-Acetoxy-2-(3-thienyl)acetonitrile (ap). [Crib 2° +12.2 ° (c 1.45, CHC13). Isolated yield (after 
chromatography): 77%; e.e.=99%. -IH NMR: ~(ppm) 2.16 (s, 3H, CHACO); 6.48 (s, 1H, CH); 7.20 (dd, 1H, 
J=5.09 Hz, J=1.28 Hz, thienyl); 7.42 (dd, IH, J=5.13 Hz, J=2.97 Hz, thienyl); 7.59 (ddd, IH, J=2.99 Hz, 
J=l.30 Hz, J=0.67 Hz, thienyl). -13C NMR: 169.05 (C=O); 132.43, 127.96, 126.70, 126.47 (thienyl); 116.12 
(CN); 58.46 (CH); 20.56 (CHACO). -IR: 3110, 1750, 1220, 1020, 790 cm-I. -MS: m/z (rel. intensity %): 181 
(M +, 15), 139 (95), 122 (57), 121 (70), I I I  (15), 95 (6), 84 (4), 78 (4), 69 (4), 58 (6), 51 (6), 45 (28), 43 
(100), 39 (15), 32 (5), 28 (21). 

2. Optimized experiments 
For substrates resulting in an enantiomeric excess less than 95% using standard conditions, optimized 

reaction conditions were employed. 
To a stirred solution of l mmol aldehyde in 1.7 ml of 0.1 M sodium citrate buffer (pH 4.5) were added 

2000 IU of (S)-hydroxynitrile lyase, and the mixture was cooled down to ice bath temperature. Subsequently 2.5 
mole equivalents of potassium cyanide adjusted to pH4.5 with cold 0.1M citric acid (17 ml), were added in one 
portion. After stirring for lh at 0-5°C, the reaction mixture was extracted with methylene chloride (3 x 50 ml). 
The combined organic layers were dried over anhydrous sodium sulfate and the solvent was removed by 
evaporation. The crude cyanohydrin was purified by column chromatography using petroleum ether/ethyl acetate 
(5/1 or 9/1) acidified with trace amounts of anhydrous HC1 as the eluent. Unless otherwise mentioned, all 
cyanohydrins isolated were colorless to slightly yellow oils. Crystallization of the free cyanohydrins, which may 
alter the enantiomerical composition, was not attempted. After measuring the optical rotation of the pure 
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cyanohydrins, the compounds were converted directly into the corresponding acetates by reaction with 2 mole 
equivalents of acetic acid anhydride and pyridine in methylene chloride (20 ml) at room temperature overnight. 
Washing the organic layer with 5% H2SO4, distilled water and saturated NaHCO3 (each 20 ml), drying with 
anhydrous sodium sulfate and concentrating the reaction mixture in vacuo followed by column chromatography 
in petroleum ether/ethyl acetate (5/1 or 9/1) yielded the pure acetylated cyanohydrins as colorless to slightly 
yellow oils, which were used for further analysis. 

(S)-(-)-2-Hydroxy-3-phenylpropanenitrile (2b). [Ct]D 20 -7.73 ° (c 2.75, CHC13); Lit.29:[0t]D20 +6.8 ° (c 0.38, 
CHCI3) for the (R)-isomer with 88% e.e.. Isolated yield (after chromatography): 44%. 
(S)-(-)-2-Acetoxy-3-phenylpropanenitrile (3b). [~]D 20 -61.5 ° (c 1.5, CHCI3); Lit.32:[Ct]D20 -52.2 ° (c 1.16, 
CHCI3) for the (S)-isomer derived from the corresponding ~-acetoxycarboxylic acid with 91% e.e.. Isolated 
yield (after chromatography): 90%; e.e.=99%. -IH NMR: ~5(ppm) 2.12 (s, 3H, CH3CO); 3.20 (d, 2H, CH2); 
5.50 (t, IH, CH); 7.28-7.41 (m, 5H, aromatic). -13C NMR: 169.08 (C=O); 133.53, 129.71, 129.03, 128.09 
(aromatic); 166.64 (CN); 62.03 (CH); 38.77 (CH2); 20.44 (CH3CO). -IR: 3030, 2940, 1760, 1220, 1040, 700 
cm -1. -MS: m/z (rel. intensity %): 189 (M +, 0.3), 130 (15), 129 (97), 103 (5), 91 (100), 77 (8), 65 (12), 51 
(9), 43 (67), 39 (8), 32 (5), 28 (27). 
(S)-(+)-2-Hydroxy-4-phenylbutanenitrile (2c). [Ct]D20 +7.05 ° (c 1.3, CHC13); Lit.8: [~]D 20 -6.79 ° (c 2.04, 
CHCl3) for the (R)-isomer with 89% e.e.. Isolated yield (after chromatography): 88%. 
(S)-(-)-2-Acetoxv-4-phenylbutanenitrile (3c). [t~]D 20 -43.4 ° (c 1.95, CHC13); Lit.12:[Ct]D20 _43.8 ° (l<c_<2, 
CHCI3) for the (S)-isomer with 90% e.e.. Isolated yield (after chromatography): 86%; e.e.=93%. -IH NMR: 
~5(ppm) 2.13 (s, 3H, CH3CO); 2.25 (q, 2H, CH2); 2.85 (t, 2H, CH2); 5.28 (t, 1H, CH); 7.21- 7.37 (m, 5H, 
aromatic). -13C NMR: 169.13 (C--O); 139.31, 128.90, 128.48, 126.80 (aromatic); 116.89 (CN); 60.72 (CH); 
33.89 (CH2); 30.88 (CH2); 20.34 (CH3CO). -IR: 3030, 2940, 1760, 1220, 1040, 700 cm -1. -MS: m/z (rel. 
intensity %): 203 (M +, 5), 143 (100), 116 (13), 105 (8), 91 (20), 77 (4), 65 (4), 51 (3), 43 (17). 
(S)-(-)-2-Hydroxy-4-phenyl-(E)-but-3-enenitrile (2d). [Ct]D 2° -27.9 ° (c 1.95, CHCI3); Lit.28: [0~]O 26 -19.0 ° (c l, 
CHCI3) for the (S)-isomer with 62% e.e.. Isolated yield (after chromatography): 50% (slightly yellow solid). 
(S)-(-)-2-[(tert-Butyldimethylsilyl)oxy]-4-phenyl-(E)-but-3-enenitrile (3d'). [0~]D 20-6.27 ° (c 0.35, CHCI3). 
Isolated yield (after chromatography): 95%; e.e.=95%. -IH NMR: 8(ppm) 0.21 (s, 3H, CH3); 0.24 (s, 3H, 
CH3); 0.97 (s, 9H, C(CH3)3); 5.14 (d, 1H, J=5.78 Hz, CH-CN); 6.20 (dd, 1H, J=15.3 Hz, J=5.79 Hz, 
C=CH-C-CN); 6.83 (d, 1H, J=15.7 Hz, Ph-CH=C); 7.33-7.44 (m, 5H, aromatic). -13C NMR: 135.17 
(aromatic); 133.71 (C=C); 128.83, 127.04 (aromatic); 123.77 (C=C); 118.55 (CN); 62.73 (CH); 25.63 
(C(CH3)3); 18.26 (C-Si); -4.87, -4.92 (CH3-Si). -IR: 2940, 2860, 1470, 1260, l l00, 980, 840, 780, 690 
cm -1. -MS: m/z (rel. intensity %): 273 (M +, 18), 258 (4), 217 (26), 216 (100), 190 (16), 189 (69), 166 (11), 
142 (49), 131 (8), 115 (72), 103 (5), 84 (6), 75 (27), 57 (8), 41 (7). 
(S)-(-)-2-Hydroxy-2-(2-methoxyphenyl)acetonitrile (2e). [Ct]D 2° -21.0 ° (c 1.25, CHC13); Lit.7: [~t]O 25 +2.7 ° 
(c 2.354, CHC13) for the (R)-isomer with 56% e.e.. Isolated yield (after chromatography): 61%. 
(S)-(-)-2-Acetoxy-2-(2-methoxyphenyl)acetonitrile (3e). [Ct]D 2° -19.6 ° (C 1.6, CHCI3); Lit.30: [Gt]D 20 +19.7 ° 
(c 5, CHCI3) for the (R)-isomer with 89% e.e.. Isolated yield (after chromatography): 96%; e.e.=77%. -IH 
NMR: ~5(ppm) 2.17 (s, 3H, CH3CO); 3.88 (s, 3H, OCH3); 6.71 (s, 1H, CH); 6.91-7.09, 7.39-7.59 (m, 4H, 
aromatic).-13C NMR: 169.01 (C=O); 156.78, 131.87, 128.83, 120.99, 116.32, 111.14 (aromatic); 119.99 
(CN); 58.22 (CH); 55.79 (OCH3); 20.52 (CH3CO). -IR: 2950, 1750, 1490, 1260, 1210, 1030, 960, 760 
cm -l. -MS: m/z (rel. intensity %): 205 (M +, 25), 163 (100), 146 (25), 130 (30), l l6 (32), 103 (ll), 91 (17), 77 
(18), 63 (7), 51 (11), 43 (75), 39 (10), 28 (19). 
(S)-(-)-2-Hydroxy-2-(3-methoxyphenyl)acetonitrile (2f). [Ot]o 20 -40.8 ° (C 1.35, CHCI3); Lit.25: [OQD 20 -38.1 ° 
(c 0.48, CHC13) for the (S)-isomer with 89% e.e.. Isolated yield (after chromatography): 80%. 
(S)-(-)-2-Acetoxy-2-(3-methoxyphenyl)acetonitrile (3f). [Ct]D 2° -4.76 ° (c 2.05, CHC13); Lit.30: [Ct]D 2° +5.0 ° 
(c 5, CHC13) for the (R)-isomer with 98% e.e.. Isolated yield (after chromatography): 90%; e.e.=99%. 
-IH NMR: 8(ppm) 2.17 (s, 3H, CH3CO); 3.84 (s, 3H, Ph-OCH3); 6.38 (s, IH, CH); 6.95-7.11, 7.32-7.40 
(m, 4H, aromatic).-13C NMR: 168.97 (C=O); 160.16, 133.07, 130.42, 120.03, 116.09, 113.32 (aromatic); 
120.12 (CN); 62.78 (CH); 55.49 (OCH3); 20.54 (CH3CO). -IR: 2950, 2840, 1760, 1600, 1490, 1220, 1030, 
780, 690 cm -1. -MS: m/z (rel. intensity %): 205 (M +, 18), 163 (100), 146 (18), 136 (7), 116 (11), 103 (5), 89 
(5), 77 (8), 63 (4), 51 (5), 43 (43), 39 (5), 28 (25). 
(S)-(-)-2-Hydroxy-2-(4-methoxyphenyl)acetonitrile (2g). lOt]D20 -45.5 ° (c 1.5, CHCI3); Lit.18b: [Ot]D20 +49 ° 
(c 1, CHC13) for the (R)-isomer with 99% e.e.. Isolated yield (after chromatography): 49%. 
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(S)-(+)-2-Acetoxy-2-(4-methoxyphenyl)acetonitrile (3g). [C~]D 2° +19.0 ° (c 1.55, CHCI3); Lit.30: [C~]D 2° -17.5 ° 
(c 5, CHCI3) for the (R)-isomer with 90% e.e.. Isolated yield (after chromatography): 93%; e.e.=95%. 
-IH NMR: 5(ppm) 2.14 (s, 3H, CH3CO); 3.83 (s, 3H, OCH3); 6.35 (s, 1H, CH); 6.93-6.97 (s, 2H, aromatic), 
7.43-7.47 (s, 2H, aromatic). -13C NMR: 169.22 (C=O); 161.46, 129.87, 124.20, 114.87 (aromatic); 116.57 
(CN); 62.86 (CH); 55.67 (OCH3); 20.72 (CH3CO). -IR: 2950, 2840, 1750, 1610, 1510, 1250, 1220, 1180, 
1030, 960, 830, 570 cm -1. -MS: rn/z (rel. intensity %): 205 (M +, 35), 163 (32), 146 (92), 145 (100), 135 (15), 
130 (5), 116 (10), 103 (12), 91 (8), 76 (12), 64 (6), 50 (8), 43 (35), 39 (7), 28 (18). 
(S)-(-)-2-Hydroxy-2-(3-phenoxyphenyl)acetonitrile (2h). [Ct]D 20 -29.4 ° (c 0.4, CHC13); Lit.28:[Ct]D 2° -24.4 ° 
(c 2, CHCI3) for the (S)-isomer with 91% e.e.. Isolated yield (after chromatography): 9%. 
(S)-(+)-2-Acetoxy-2-(3-phenoxyphenyl)acetonitrile (3h). [et]D20 +7.44 ° (c 0.75, CHC13); Lit.26: [Ot]D 27 +21.3 ° 
(c 10.27, benzene) for the (S)-isomer with 83% e.e.. Isolated yield (after chromatography): 92%; e.e.=99%. 
-IH NMR: 5(ppm) 2.18 (s, 3H, CH3CO); 6.36 (s, 1H, CH); 7.01- 7.44 (m, 9H, aromatic). -13C NMR: 169.00 
(C=O); 158.52 (Ph-O); 156.52 (Ph-O); 133.80, 130.88, 130.24, t24.35, 122.33, 120.36, 119.64, 117.96 
(aromatic); 116.12 (CN); 62.69 (CH); 20.66 (CH3CO). -IR: 3060, 1760, 1590, 1490, 1220, 1030, 690 cm -1. 
-MS: m/z (rel. intensity %): 267 (M +, 18), 225 (45), 198 (15), 181 (7), 141 (8), 114 (16), 87 (9), 77 (19), 71 
(28), 51 (17), 43 (100), 28 (31). 
(S)-(-)-2-Cyclohexyl-2-hydroxyacetonitrile (2k). [~]D 20 -9.83 ° (c 3.25, CHCI3); Lit.28: [~]D 20 +4.7 ° (c 3.82, 
CHC13) for the (R)-isomer with 54% e.e.. Isolated yield (after chromatography): 94%. 
(S)-(-)-2-Acetoxy-2-cyclohexylacetonitrile (3k). [et]D 2° -65.0 ° (C 1.05, CH2C12); Lit.31: [Ct]D 2°-57.7 ° (c 0.83, 
CH2C12) for the (S)-isomer with 96.8% e.e.. Isolated yield (after chromatography): 95 %; e.e.=99%. -IH NMR: 
~(ppm) 1.11-1.30 (m, 5H, cyclohexyl); 1.69-1.91 (m, 6H, cyclohexyl); 2.13 (s, 3H, CH3CO); 5.16 (d, 1H, 
CH). -13C NMR: 169.35 (C=O); 116.35 (CN); 65.77 (CH); 40.21, 28.30, 28.08, 25.94, 25.54, 25.47 
(cyclohexyl); 20.49 (CH3CO). -IR: 2930, 2860, 1760, 1450, 1370, 1220, 1030 cm -1. -MS: rrdz (rel. intensity 
%): 181 (M +, 1.8), 139 (10), 99 (62), 83 (100), 67 (8), 57 (15), 55 (61), 43 (58), 41 (38), 28 (15). 
(S)-(-)-2-(Cyclohex-3-en. yl)-2-hydroxyacetonitrile (21). [ct]o 2° -12.3 ° (c 1.40, CHC13); Lit.25: [C~]D 2° +9.60 ° 
(c 1.2, CHC13) for the (R)-isomer with 93% e.e.. Isolated yield (after chromatography): 87%. 
(S)-(-)-2-Acetoxy-2-(cyclohex-3-enyl)acetonitrile (31). [Ct]D 2° -66.0 ° (c 2.65, CHC13); Lit.31: [C~]D 2°-50.4 ° 
(c 0.645, CH2C12) for the (S)-isomer with 94.3% e.e.. Isolated yield (after chromatography): 93%; de>99%. 
-IH NMR: 6(ppm) 1.42-1.60 (m, 1H, CH); 1.84-2.30 (m, 6H, cyclohexyl); 2.15 (s, 3H, CH3CO); 5.26 (d, 
IH, CH); 5.62-5.75 (m, 2H, olefinic). -13C NMR: 169.37 (C-O); 127.32, 124.59 (olefinic); 116.28 (CN); 
65.17 (CH); 36.63, 26.93, 24.44, 24.18 (cyclohexyl); 20.50 (s, 3H, CH3CO). -IR: 3030, 2930, 2840, 1750, 
1370, 1220, 1040 cm -1. -MS: m/z (rel. intensity %): 179 (M +, 0.7), 119 (57), 118 (54), 104 (20), 92 (30), 81 
(51), 79 (58), 78 (17), 66 (9), 53 (15), 43 (100), 41 (16), 39 (18), 28 (20). 
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