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sulmnary: Lipase-catalyzed transacylation in organic media was employed to 

produce optically active a-hydroxy tosylate which could be readily 

converted to the corresponding 1,2-epoxides with high optical purity. 

Conventionally, access to chiral epoxides has relied mainly upon 

naturally existing chirons such as g-mannitoll , S-amino acids2, optically 

pure a-hydroxy acids3, etc. Until recently, a number of asymmetric epoxide 

syntheses have been explored, of which the Sharpless epoxidation merits 

particular attention because of its predictable high stereochemical 

selectivity4. However, this transition-metal catalysis generally requires 

allylic alcohol activation to attain high optical yields. In addition to 

these chemical means, microbial epoxidation of alkenes has also been 

exploited for the preparation of optically active (R)-epoxyalkanes (C6 - 
5 

c20) * In general, this biological transformation generates products with 

enantiomeric purities ranging from 70% to 100% in poor chemical yields, 

largely depending on the substrate, the species of microorganism and the 

growth conditions employed in the fermentative process. Herein, we describe 

a facile chemoenzymatic route that allows the preparative synthesis of 

various optically active 1,2-epoxides, especially those bearing no other 

functional groups. 
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As shown in Scheme 1, the use of the a-hydroxy toWlate in conjunction 

with the lipase-mediated resolution permits a direct entry to both antipodes 

of the title compounds. In light of the potential advantages of enzyme 

catalysis in nonaqueous media7, the kinetic resolution was conducted by 

means of enantioselective acyl-transfer in apolar solvents. Table 1 thus 
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summarizes the results of the bioconversion in which the acylation of 

different a-hydroxy tosylates, (+)-la-e by isoprenyl acetate' - -I was effected 

by various microbial lipases. In a typical experiment, 4 mm01 of substrate, 

dissolved in 6 ml of isoprenyl acetate, was exposed to crude lipase powder 

(400 mg) suspended in+ 18 ml of hexane. After incubating the suspension on a 

rotary shaker (250 rpm) at 30°C for the indicated time, the reaction was 

terminated by removing the lipase through centrifugation. After evaporating 

the solvent & vacua, the resulting residue was subjected to silica gel 

chromatographic separation. The enantiomeric excess of the product (ee(P)) 

and remaining substrate (ee(S)) was determined by HPLC analysis' after 

converting them to the corresponding diastereomeric (S)-MTPA esters; the 

extent of conversion (c) and the E value were then calculated according to 

the equations developed by Sih et al. 10 -- Among a variety of microbial 

enzymes screened, lipases from Pseudomonas fluorescens and Humicola 

lanuginosa proved to be highly enantiospecific in catalyzing the 

esterification of the alcohols carrying aliphatic and aromatic side chains, 

respectively. 

Table 1. Lipase-mediated enantiospecific esterification of (+)-b-e. 

- R 
. + R&OTs 

R LipaselHexane 

(2, 
Enantiomeric Excess 

R 

Lipase 

Origin 

Incubation ee(P) ee(S) 

R/SC Time (h) C (%) -- ([al,25)d([alD25)d E 

ClCH2- 

la 

n-C4Hg- - 

Ib 

51-CloH21- 

Ic 

Ph- 

Id 

PhOCH2- 

le 

Pseudomonas S 

fluorescensa 

Pseudomonas R - 
fluorescens 

Pseudomonas 3 

fluorescens 

Humicola s 

lanuginosab 

Humicola R - 
lanuginosa 

68 47 0.83 0.75 24 

(+6,2") (+3-o") 

92 43 0.86 0.66 26 

(+13.40) (+4.2") 

116 30 0.87 0.37 21 

(-3.6O) ( - ) 

144 t5 0.95 

144 t5 0.85 

a Amano lipase P-30; b Amano lipase R-10; c stereochemical preference 
11 ; 

d 
in CHC13. 
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However, as shown in Table 1, Humicola lipase-mediated acylation of N and 

le proceeded at extremely slow rates, - which would prohibit the preparation 

of both compounds in quantities. Nevertheless, in principle, the efficiency 

and the degree of stereoselectivity of an enzymatic transacylation may vary 

with different fonns_of the substrate 7b . To test this hypothesis, the butyl 

esters of h-e, (+)-a-e_, were exposed to the lipases separately in hexane 

containing p-butyl alcohol as the acyl acceptor 12 (Table 2). In comparison 

to the aforementioned results, Hurnicola lipase catalyzed acyl-transfer from 

@ and & to butanol at much faster rates without losing its selectivity. 

Although such an enhancement in reaction rates was not noted for Pseudomonas 

lipase, the enzyme exhibited higher enantiospecificity in catalyzing the 

deacylation of & and 2c than its acylation counterparts. - 

Table 2. Lipase-Catalyzed Enantiospecific deacylation of (+)-2a-e. -- 

0COC3HT OH fCOGH7 

R 
L OTs 

LipaselHexane R 
J./ OTs + R,k./OTs 

(2) 
Enantiomeric Excess 

Lipase Incubation ee(P) ee(S) 

R Origin R/SC Time (h) C (%s) ([al 25)d([al -- D 

C1CH2- 

2a 
n-C4H9- - 

2b - 

"-ClOH21 
2c 

Ph- 

2d - 

PhOCH2- 

2e - 

Pseudomonas 

fluorescens 

Pseudomonas 

fluorescens 

Pseudomonas 

fluorescens 

Humicola 

lanuginosa 

Candida 

cylindraceaa 

Alcalligenes 
b 

sP* 

Humicola 

lanuginosa 

S 96 -50 -0.96 - 

(-3.9") 

R 120 25 0.90 - 

(-5.79) 

R 120 26 >0.98 

(-8.8") 

s 120 36 0.96 

(+42") 

s 120 42 0.95 

( - ) 

s 120 42 >0.98 

( - ) 

E 120 33 0.84 

(+5.6") 

-0.96 >lOO 

(-5.8.') 

0.31 25 

( - ) 
0.34 92 

( - 1 
0.54 84 

! - I 
0.70 82 

I - ) 
0.72 >lOO 

( - 1 

0.42 17 

( - 1 

a Sigma crude powder; Meito-Sangyo lipase PL; ' stereochemical 

preferencel'; d in Ck3. 

Optically active 1 thus obtained by either route could be readily 
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converted to the corresponding epoxides by alkaline treatments 
13 

in high 

yields. This approach is currently employed to produce useful chiral 

epoxides for natural product synthesis in this laboratory. 
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