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Abstracf: The asymmetric nucleophilic opening of (k)-2-methyl-2pentyloxirane 

(1) by azide yielding the azido-alcohol (R)-3 (e.e. %O%) was achieved by using a 

crude immobilized enzyme preparation derived from Rhodococcus sp. (NOVO SP 

409). Evidence for the reaction being catalysed by an enzyme is presented. 

Recently we have shown that a crude immobilized enzyme preparation derived from Rhodococcus sp. 

(NOVO SP 409) which contains a number of enzymes such as nitrilase. nitrile hydratase, esterase and 

amidase, also exhibits epoxide-hydrolase activity’. The latter potential may be used for the asymmetric 

hydrolysis of meso- or the kinetic resolution of racemic epoxides*. Thus, when (f)-2-methyl-2- 

pentyloxirane (1) was subjected to the action of SP 409 in aqueous buffer, the diol (Q-2 and remaining 

substrate (R)-1 were obtained in 40% and 72% e.e., resp. The selectivity of this resolution (calculated as 

the enantiomeric ratio Es) was E = 4.7. Inspired by recent reports on the asymmetric nucleophilic opening 

of epoxides by amines catalyzed by crude enzyme preparations such as liver microsomes4 and porcine 

pancreatic lipases, we investigated whether also azide could be employed as nucleophile. ‘Ihus, when the 

enzymatic hydrolysis of (f)-1 was carried out in the presence of the non-natural nucleophile azide. the 

azido-alcohol (R)-3 was formed in addition to the diol (s)-26 (Scheme 1). Bearing in mind that azido- 

alcohols are precursors of synthetically useful amino-alcohols and in search for evidence that the reaction is 

catalysed by an enzyme rather than of spontaneous nature, the details of this reaction were investigated by 

using chiral GLC?. 
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Scheme 1. Simultaneous asymmetric hydrolysis and azidolysis of (k)-2-methyl-2-pentyloxirane. 
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Figure 1 shows the gradual disappearance of epoxide (z&l going in hand with the formation of diol 

(S)-2 which was expected from our previous findingsl. On the other hand, at the same time the azido- 

alcohol (3) of opposite (&-configuration was formed as second product albeit at a slower rate. No side 

reactions were detected. 

Figure 1. Products from the hydrolysis-azidolysis reaction. 
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When the optical purity of all components was monitored during the course of the reaction a complex 

pattern was observed (Figure 2): Diol (S)-(2) was formed in very high e.e. (295%) at the beginning of the 

reaction. This value declined only slightly during the later stage (e.e. -90%). The ‘non-natural’ product 

azido-alcohol (R)-(3) showed the opposite pattern: It was almost racemic at the beginning but reached an 

optical purity of ~50% at a late stage. Finally, the racemic epoxide-substrate W-1 reached a maximum in 

optical purity (e.e. -75%) at around 80% conversion but this value decreased significantly towards the end 

of the reaction. 

Figure 2. Optical purity of compounds plotted versus time. 
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The observations described above lead us to the conclusion that the formation of azido-alcohol3 is 

not due to a spontaneous reaction of azide with epoxide 1, but rather is catalyzed by an enzyme. This 

hypothesis is supported by the following arguments: 

1) The formation of dio12 and azido-alcohol 3 is negligible in the presence of heat-denaturated 

enzyme (40% of the reaction rate). 

2) The kinetics of the reaction do not show the typical pattern of a single-step kinetic resolution of an 

irreversible reaction3 but rather follows two enantiodivergent independent reaction pathway&g+ The 

enantiomeric excess of the product diol2 stays constantly high (SO%) throughout the reaction (it should 

decline towards 0% when the reaction is nearing completion). Furthermore, the e.e. of the substrate 



84 

epoxide 1 reaches a maximum at around 80% conversion and drops significantly during the late stage of the 

reaction (it should reach a maximum them). 

3) Assu~ng that the formation of the ~ido-~cohol 3 is due to a spontaneous reaction (without 

asymmetric catalysis) the e-e. of the azido-alcohol formed is oniy dependent on the e.e. of the epoxide. In 

other words, both the curves for the dependence of enantiomeric excess versus conversion of epoxide 1 

and azido-alcohol3 in Figure 2 must he parallel. This is not the case. Thus, the (S)-epoxide - the ‘right’ 

enantiomer - is preferred from the racemate and hydrolysed to yield the (S)-dial. The {R)-epoxide - the 

‘wrong’ antipode - is converted to the (~)-a~d~~cohol, 

The mechanism of this reaction, i.e. the question on whether an epoxide hydrolase is capable of 

accepting azide as ‘non-natural nucleophile’ (instead of water) or if another enzyme is involved is currently 

being studied. 

Surn~Ty: When the biocatalytic asymmetric hydrolysis of (f)-2-methyl-Z-pentyloxirane (1) using a 

crude immobilized enzyme preparation derived from Rhodococcus sp. was performed in a buffer system 

containing azide, the simultaneous formation of 2-methylheptane-1,2-diol (s)-(2) (e.e. >90%) and 1 -azido- 

2-methylheptan-2-01 (R)-3 (e.e. %O%) was observed. 
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