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Abstract

The enantioselective synthesis Bj{2-trimethylsilyl-2-hydroxyl-ethylcyanide withR)-oxynitrilase from defatted almond
meal in a biphasic system was successfully performed. The influences of some factors on the reaction were investigated
systematically. Diisopropy! ether was found to be the best for this reaction among all the organic solvents explored. The
optimal aqueous phase content, concentrations of crude enzyme, acetyltrimethylsilane, acetone cyanohydrin, shake speed
buffer pH, reaction temperature were 13% (v/v), 5% (w/v), 0.02 M, 0.04 M, 150 rpm, 5@ A@spectively, under which
the initial reaction rate, substrate conversion and product e.e. were 5.87 mmol/l h, 99.5 and 99.0%.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction important role in asymmetric synthesis and func-
tional materials, but also are bioactive and could be
The synthesis of optically active aldehyde cyanohy- used for the synthesis of drugs with better pharma-
drins by oxynitrilase-catalyzed addition of hydrogen cological effect, higher selectivity and lower toxic-
cyanide to prochiral aldehydes has been the goal of ity than their carbon counterparts. Recently, many
extensive and successful studies during recent yearsinvestigations have been carried out in order to ex-
[1-6]. The preparation of optically active ketone ploit biotransformation of organosilicon compounds
cyanohydrins, on the other hand, has been less stud-because of their great interest both in fundamen-
ied [7—9]. Enantiopure ketone cyanohydrins could be tal study of enzymology and in the production of
converted to tertiarg-hydroxy acids, which are use-  useful organosilicon compound43-15} We have
ful starting materials or synthetic intermediates for already reported the bioconversion of organosilicon
many chiral natural produc{d0-12] compounds with alcohol dehydrogenase and lipase
Organosilicon compounds show unique chemi- [16-18] In these cases, the silicon atom served
cal and physical properties compared to their car- as a more effective atom than the carbon atom to
bon analogues due to the specific characteristics of enhance the activity and enantioselectivity of the
silicon atom, and therefore they not only play an enzymes.
In this paper, we describe the first study on
" Corresponding author. Tek+86-20-87111452: th_e sy_nthesis of optically gctive §i|icon c_ontaining
fax: +86-20-87112979. aliphatic ketone cyanohydrin (2-trimethylsilyl-2-hy-
E-mail address: btmhzong@scut.edu.cn (M.-H. Zong). droxyl-ethylcyanide) using acetone cyanohydrin as
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Fig. 1. The synthesis of 2-trimethylsilyl-2-hydroxyl-ethylcyanide.

transcyanation agent and powdered, defatted almondreaction, acetone cyanohydrin was used as transcya-

meal as biocatalysF{g. 1). nation agent. Relatively high water content is neces-
sary for the decomposition of acetone cyanohydrin
at a reasonable raf@1]. Fig. 2 shows the variation

2. Results and discussion of the product e.e. and the initial reaction rate with
_ aqueous phase content. At low water content, acetone
2.1. Organic solvent effect cyanohydrin decomposed slowly, and therefore, HCN

concentration in agueous phase is rather low, resulting

As shown inTable 1 the more hydrophobic the in the low initial reaction rate. On the other hand, an
organic solvent, the higher the initial reaction rate. excess of water accelerates the non-enantioselective
This could be explained by the higher concentration chemical reaction, resulting in a decrease in the
of HCN owing to the higher concentration of acetone product e.e.
cyanohydrin in aqueous phase when more hydropho-
bic solvent is used as the organic phase. Two competi- 2.3, Crude enzyme concentration effect
tive reactions (enantioselective enzymatic reaction and
non-enantioselective chemical reaction) take place si-  As can be seen iffig. 3, both initial reaction rate
multaneously. Too much HCN in the aqueous phase and product e.e. increase with the increase of the crude
might inhibit the enzymatic but enhance the chemi- enzyme concentration when it is below 5% (w/v). This
cal reaction, thus leading to a low product e.e. This is due to the higher enzymatic reaction rate at higher
could account for the low product e.e. in the cases with enzyme concentration. Further increase in the crude
n-hexane and cyclohexane as the organic phase. Whyenzyme concentration, however, results in a decrease
the reaction becomes less enantioselective when ethy-in both initial reaction rate and product e.e., which is
lacetate is used as the organic phase is to be studiedin good accordance with the previous rep@it The
Among the four organic solvents, diisopropyl ether is reason for this is that obvious aggregation of the crude

most suitable for the reaction. enzyme at high concentration (>5% (w/v)) led to a
low enzymatic activity due to mass transfer limita-
2.2. Aqueous phase content effect tion. Clearly, there exists a mass transfer rate limiting

enzyme concentratiorCg vt ), and under the condi-
It has been reported that the influence of the tionsused, th€g mtL is 5% (w/v) for acetyltrimethyl-
aqueous phase content varies widgl9,20] In this silane.

Table 1

Effect of organic solvent on the reaction

Organic solvent Lo® Vo (mmol/lh) t (h) Conversion (%) e.e. (%)
Ethyl acetate 0.68 0.39 23 74.1 86.4
Diisopropy! ether 1.9 0.94 23 99.7 97.7
Cyclohexane 3.0 1.84 20 93.1 73.8
n-Hexane 35 1.90 20 94.2 72.6

The reaction was initiated by addition of 3% (w/v) almond meal in the biphasic system of 13% (v/v) of citrate buffer (0.1 M, pH 5.0) and
organic solvent at 30C, 150 rpm. The reaction mixture contained 0.02 M acetyltrimethylsilane and 0.04 M acetone cyanohydrin.
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Fig. 2. Effect of aqueous phase content on the reaction. This was PrOdUCt ee As can be S?enﬁrg' 4, the max'mal_m_l_
investigated in the biphasic system of citrate buffer (0.1M, pH tial reaction rate was achieved at pH 5.4, which is iden-
5.0) and diisopropyl ether at 3€ and 150rpm. The reaction  tical with Griengl’'s repor{22]. High product e.e. and
mixture contained 0.02M acetyltrimethylsilane, 0.04 M acetone |gw initial reaction rate at low pH<£5.0) demonstrate
cyanohydrin, and 3% (w/v) almond meal. the depression of non-enzymatic reaction at low pH.

2.4. Substrate concentration effect 2.6. Shake speed effect

It is well known that, thermodynamically, high sub- Shake speed influences the diffusion and partition
strate concentration pushes the reaction towards theof the substrate and the product in the reaction system
synthesis of the product, and that substrate inhibition, and thus the initial reaction rate, substrate conversion
however, may occur at excessively high substrate con-and product e.e. As could be seenkig. 5 when
centration. Therefore, it is important to investigate the shake speed was lower than 150 rpm, the initial reac-
influence of substrate concentration on the reaction. It tion rate increased rapidly with the increase of shake
has been found that the optimal acetyltrimethylsilane speed, indicating that mass transfer was the rate lim-
concentration was 0.02 M and the product e.e. droppediting step. The optimal shake speed was thought to

sharply at higher substrate concentratidial{le 9. be 150 rpm, above which little increase in the initial
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Fig. 3. Effect of crude enzyme concentration on the reaction. The reaction was performed in the biphasic system of 13% (v/v) of citrate
buffer (0.1 M, pH 5.0) and diisopropyl ether at 30 and 150 rpm. The reaction mixture contained 0.02 M acetyltrimethylsilane and 0.04 M
acetone cyanohydrin.
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Table 2
Effect of substrate concentration on the reaction
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Acetyltrimethylsilane Acetone cyanohydrin t (h) Conversion (%) e.e. (%)
concentration (M) concentration (M)

0.01 0.02 30 100 >99
0.02 0.04 30 98.9 >99
0.04 0.08 48 99.7 95.8
0.08 0.16 48 96.8 90.6
0.16 0.32 48 82.7 82.0
0.20 0.40 48 71.9 78.6

The reaction was initiated by addition of 5% (w/v) almond meal in the biphasic system of 13% (v/v) of citrate buffer (0.1 M, pH 5.0) and

diisopropyl ether at 30C and 150 rpm.
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Fig. 4. Effect of the buffer pH on the reaction. The reaction was
initiated by addition of 5% (w/v) almond meal in the biphasic

system of 13% (v/v) of citrate buffer (0.1 M) and diisopropyl

ether at 30C and 150 rpm. The reaction mixture contained 0.02 M
acetyltrimethylsilane and 0.04 M acetone cyanohydrin.
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Fig. 5. Effect of shake speed on the initial reaction rate. The
reaction was initiated by addition of 5% (w/v) almond meal in a
flask (50 ml) containing the biphasic system of 13% (v/v) of citrate
buffer (1.5ml, 0.1 M, pH 5.0) and diisopropyl ether (10ml) at

30°C. The reaction mixture contained 0.02 M acetyltrimethylsilane
and 0.04 M acetone cyanohydrin.

Table 3

Effect of reaction temperature on the reaction

TCC) Vo (mmolllh) t(h) Conversion (%) e.e. (%)
40 5.87 19 99.5 >99

35 3.56 26 99.5 >99

30 3.39 31 98.5 >99

25 2.84 47 98.7 >99

15 0.84 55 89.3 >99

The reaction was initiated by addition of 5% (w/v) almond meal in

the biphasic system of 13% (v/v) of citrate buffer (0.1 M, pH 5.0)

and diisopropyl ether at 150 rpm. The reaction mixture contained
0.02 M acetyltrimethylsilane and 0.04 M acetone cyanohydrin.

reaction rate was observed with further increase in
shake speed.

2.7. Reaction temperature effect

Temperature influences the activity, selectivity and
stability of a biocatalyst and the equilibrium of a reac-
tion as well significantly. The initial reaction rate, the
maximum conversion and the product e.e. were ex-
plored at different temperature$aple 3. Within the
range from 15 to 40C, higher temperature enhanced
the initial reaction rate, and substrate conversion.
Temperature had no effect on the product e.e., which
was against the previous stud®3]. Good thermo
stability of crude R)-oxynitrilase from almond meal
was observed.

3. Materials and methods
3.1. Materials

Almond meal was ground, then defatted with ethyl
acetate and stored at@ for use. The specific activity



N. Li et al./Journal of Molecular Catalysis B: Enzymatic 22 (2003) 7-12

of (R)-oxynitrilase is 2826 U/g as measured by follow-
ing the cleavage of rac-mandelonitrile into benzalde-
hyde spectrophotometrically at 280 nm=Nonane,
acetyltrimethylsilane were purchased from Sigma and
Aldrich (USA). Acetone cyanohydrin was from TCI
(Japan). All other chemicals were from commercial
sources and of analytical grade.

3.2. Enzymatic reaction

The reaction was carried out in a biphasic sys-
tem. Diisopropyl ether (10ml) containing 0.02 M
acetyltrimethylsilane, 0.04M acetone cyanohydrin
and 0.01 Mn-nonane (used as internal standard) was
mixed with citrate buffer (1.5ml, 0.1 M, pH 5.0)
containing powdered, defatted almond meal (unless
specified). The mixture was incubated within a flask
(50 ml) capped with a septum and shaken in a water
bath shaker.

3.3. Assay of reaction mixture

At predetermined time intervals, 0.4 ml sample was
taken from the organic phase with a syringe (more than
99% of substrate was dissolved in the organic phase
and no side product was detectable by GC equipped
with different columns) and assayed by HP 4890 gas
chromatography with a flame ionization detector and
a chiral column (20% permethylategtcyclodextrin
30 mx 0.32mm, HP, USA). The column temperature
was programmed from 80 to 13€ at the rate of
7°C/min and further increased to 142 at the rate
of 1°C/min. The retention-times of acetyltrimethyl-
silane, n-nonane, acetone cyanohydrirg)-froduct,
and R)-product were 2.851, 3.651, 6.323, 9.715 and
9.780min, respectively. GC peaks of thR) (and
(S enantiomers of the product were assigned on
the basis of the knownR) enantioselectivity of the
enzyme.

3.4. NMR spectral analysis

Kugelrohr distillation gave 2-trimethylsilyl-2-hy-
droxyl-ethylcyanide (65—70C, 8 mm). NMR spec-
tra were obtained using CDg&lsolutions (CHG4
taken ass: 7.24) and a Brucker AVANCE Digital
400 MHz SpectrometetH NMR §: 0.18 (s, 9H), 1.54

11

(s, 3H), 2.85 (br s, 1H3C NMR §: —5.0, 23.3, 59.9,
123.1.

4. Conclusion

Optically active silicon containing aliphaticR)-
ketone-cyanohydrin R)-2-trimethylsilyl-2-hydroxyl-
ethylcyanide could be efficiently synthesized with
(R)-oxynitrilase from defatted almond meal in a wa-
ter/organic solvent biphasic system.
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