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An Insight into the Enantioselective Hydrolyses of Cyclic Acetates Catalysed by 
Pseudomonas fluorescens Li pase 
Zhuo-Feng Xie, lzumi Nakamura, Hiroshi Suemune, and Kiyoshi Sakai* 
Faculty of Pharmaceutical Sciences, Kyushu University, Fukuoka 8 12, Japan 

Hydrolysis of racemic acetates with Pseudomonas fluorescens lipase (PFL) afforded optically active alcohols with 
the R-configuration, independent of ring size; a three-site model for PFL-catalysed hydrolysis is proposed. 

Elucidating the scope of substrate variation1 in enzyme- 
catalysed processes is important in the application of enzy- 
matic methods to organic synthesis. If it is possible to design 
candidate substrates so that enantioselectivity may be predic- 
ted, tedious screening procedures may be avoided.2 We have 
already reported3 that the hydrolysis of five-membered ring 
acetates using Pseudornonas fluorescens lipase (PFL) afforded 
optically active alcohols with high optical purities. To examine 
the influence of ring size4 on hydrolysis with PFL, we have 

studied the hydrolysis of six- and seven-membered ring 
acetates. The six-membered ring (+)-trans- and cis-monoacet- 
ate (la) and (2a) as well as the trans-diacetate (3a) were 
hydrolysed with PFL to afford (-)-(lb), (-)-(2b), and 
(-)-(3b) in enantiomerically pure form, respectively.5 Simil- 
arly, the hydrolysis of the seven-membered ring acetates 
(2)-(4a), (&)-(5a), and (_+)-(6a) also afforded exclusively 
(-)-(4b), (-)-(5b), and (-)-(6b), respectively (>99% enan- 
tiomeric excess, e.e.).6 This finding attests to the generality of 
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Table 1. Enantioselective hydrolysis of (la)-(9a) catalysed by PFL. 

Product Recovered acetate 

Substrate timelh YO Yielda YO E.e. YO Yielda YO E.e. 

(2a) 35 32 >99 63 70 
( 3 4  6 33 >99 51 48 

( 5 4  30 38 >99 58 68 

4.5 13 >99 80 30 
2 35 70 54 

(9a) 5 23 2 67 

Reaction 

(la, b) (Za, b) (3a,b) (4a,b) (la) 24 41 >99 59 55 

( 4 4  24 45 >99 55 55 

(6a) 4 36 >99 64 45 
(7a) 

- 
- 

- -  - -  - C02Me R6 LAC 
R O  

(5a ,b) (6a,b) (aa,b) a Isolated. 
(7a ,b) 

may be attributable to acetyl-migration catalysed by PFL, 
because (+)-(loa) (68% e.e.) with the R-configuration was 
converted to the corresponding enantiomer (-)-( 10a) (16% 
e.e.) with the S-configuration by PFL. 

These results allow us to suggest tentatively a three-site 
model (Figure 1) for PFL-catalysed hydrolysis. The substrate 

(9a, b) (+)-(lOa) ( -1  - (10a)  6lVO 3O"lo requirements are as follows: (i) the acetates are hydrolysed to 
afford alcohols with the R-configuration (catalyse site); (ii) 
alkoxycarbonyl or carboxylate groups adjacent to the acetoxy 
function are required (binding site); (iii) in bicyclic systems, 
the ring not containing acetate should be hydrophobic 

. *  - -  - -  - -  - -  0 Q + Q + O  
H 6  OAc AcO OH H6 OH - .  - *  - -  

R e  bAc 

a; R =Ac 
b;  R = H  (hydrophobic site). 0 ( 5  b) I_) 

- -  - -  
0-CO 

Hydrophobic site 

J. 

Figure 1 

PFL-catalysed hydrolysis,7 the acetate with the R-configura- 
tion being hydrolysed preferentially with high enantioselectiv- 
ity, independent of ring size. Previously, we reported3 that the 
hydrolysis of bicyclo[3.3.0]octan-3-yl acetate with a carbonyl 
function (possibly protected as the ethylene acetal) in one ring 
and the acetate group in the other ring resulted in low 
enantioselectivity. In contrast, the highly enantioselective 
hydrolysis of bicyclo[4.3.0]non-3-en-8-yl acetate3 suggested 
that the presence of a hydrophobic function in one ring and the 
acetate group in the other plays an important role in 
hydrolysis. With this assumption in mind, the modified acetate 
(7a)8 was hydrolysed with PFL. As expected, this hydrolysis 
showed a marked increase in both enantiomeric excess (>99% 
e.e) and hydrolysis rate (4 h). 

In contrast to the case of the five-membered ring meso- 
diacetate ,3 which was hydrolysed to the monoacetate with the 
S-configuration (>99% e.e.), the six- and seven-membered 
ring diacetates (8a) and (9a) were hydrolysed to (+)-(8b) 
(70% e.e.) and (-)-(9b) (2% e.e.)9 with the R-configuration, 
respectively. This unusual reverse in absolute configuration 
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