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Lipase from Pseudomonas was first demonstrated to catalyse hydrolysis of a crown ether ester derivative; reaction rate 
and enantioselectivity are significantly enhanced by crown ether-metal complexation. 

Lipases have recently been recognized as useful catalysts for 
asymmetric reactions. 1 Since lipase-catalysed reactions are 
often slow and partially stereoselective, several approaches 
have been used to improve their reaction performances. 
Optimization of reactions, modification of substrates, use of 
nonaqueous media and enantioselective inhibition have been 
investigated extensively.2 We now report that lipase is an 
effective catalyst for resolution of racemic crown ether 
compounds. The rate and enantioselectivity in lipase- 
catalysed hydrolysis of 12-crown-4 ester were interestingly 
enhanced via crown ether-metal complexation. Although 
crown ethers have been reported to be complexing agents for 
several proteins,3 this is the first example of a crown 
ether-type substrate for an enzymatic reaction. A combination 
of biological enzyme and synthetic crown ether offers new 
promising possibilities both in the synthesis of chiral host 
molecules and in the improvement of lipase-catalysed asym- 
metric reactions. 

Enantioselective hydrolysis of racemic 12-crown-4 ester 1 
was catalysed by lipase from Pseudomonas, though esterase 
from porcine liver and lipase from Aspergillus were not 
effective for chiral discrimination. Typically, racemic ester 1 

(50 mg) was suspended in an aqueous solution (7 ml) and 
crude lipase powder (Amano PS, 25 mg) was added. The 
suspension was stirred at 35 "C. The extent of conversion was 
analysed by thin-layer chromatography (hexane-EtOAc- 
MeOH = 1 : 8 : 1). When the conversion was near 35-50%, the 
reaction was terminated by adding CHCl3. The product 
alcohol 2 and remaining ester 3 were extracted with CHC13 
and isolated by flash chromatography (silica gel, 
hexane-EtOAc = 1 : 6). The enantiomeric excess (e.e. %) of 
alcohol 2 was determined by 19F NMR analysis of the cor- 

Table 2 Lipase-catalysed hydrolysis of chiral 12-crown-4 ester 

Entry Ester Additive tlh Conv. (%) 

1 (S)-1 None 23 11 
2 (R)-1 None 23 51 

4 (R)-1 NaCl(O.1 rnol dm-3) 7 61 
5 (S)-1 Na+ buffer (0.1 mol dm-3) 7 19 

3 (S)-1 NaCl(O.1 mol dm-3) 7 22 

6 (R)-1 Na+ buffer (0.1 mol dm-3) 7 47 

Table 1 Lipase-catalysed hydrolysis of racemic 12-crown-4 ester 1 

Entry Additive 
e.e. (%) of 2 

t/h Rate'l (conv,%) Eb 

1 None 7 1 .o 44(20) 3 
2 LiCl(0.1 mol dm-3) 28 0.6 53(47) 3 
3 NaCl(O.l mol dm-3) 6 2.0 73(35) 10 
4 KCI (0.1 mol dm-3) 15 1.5 32(65) 3 
5 Tris buffer (0.1 mol dm-3, pH 7 . 2 ) ~  10 1.7 36(48) 3 
6 Na+ buffer (0.1 mol dm-3, pH 7 .2y  8 2.0 42(46) 4 
7 K+ buffer (0.1 mol dm-3, pH 7.2)' 8 2.1 42(49) 4 

Relative rate based on conversion h-1. E = ln[l - c{l + e.e.(P)}]/[l - c{l - e.e.(P)}]: e.e.(P) = e.e. % of the product alcohol 2. 
c 0.1 mol dm-3 Tris(hydroxymethy1)aminomethane-O.l rnol dm-3 HC1. d 0.1 mol dm-3 NaH2P04-0.1 mol dm-3 NaOH. e 0.1 mol dm-3 
KH2P04-0.1 mol dm--7 KOH. 
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Fig. 1 Metal-induced changes in I3C NMR chemical shifts of 
12-crown-4 ester 1. Reagents: crown, 0.025 mmol; metal iodide, 
0-0.075 mmol; MeOH-[2H4]MeOH (2: 3), 0.5 ml. The signal for 
carbon c rarely shifted in the presence of metal salts examined. 

responding (S) - ( + )- a-me t hoxy- a- (trifluorome t h y 1) phe ny 1 - 
acetate.? The E resolution values were calculated as reported 
earlier4 and are summarized in Table 1. 

Lipase from Pseudomonas itself catalysed hydrolysis of 
racemic 12-crown-4 ester 1 to give (S)-alcohol 2 with modest 
enantioselectivity ( E  = 3 ) . 5  The reaction rate and enan- 
tioselectivity depended largely on the nature of the additive. 
The highest E value observed was 10 when the hydrolysis was 
carried out in a 0.1 mol dm-3 NaCl solution. KC1 and LiCl 
showed a marked contrast. Addition of these salts significantly 
influenced reaction rates but rarely enhanced enantio- 
selectivity. These observations indicate that the crown ether 
l-Na+ complex is a suitable substrate for the lipase-catalysed 
enantioselective hydrolysis. Table 1 shows that the counter- 
anion is another important factor in determining enantio- 
selectivity. Since an enhanced E value was not observed in the 
Na+-buffer solution, the crown ether l-Na+ cation complex 
may accompany the counter-anion into the reactive pocket of 
the lipase. 

We also carried out lipase-catalysed hydrolysis of chirai 
12-crown-4 esters and found that the lipase employed 
favoured the (R)-enantiomer of the 12-crown-4 ester 1 (see 
Table 2). The hydrolysis of both (R)- and (S)-esters was 
significantly promoted by the Na+ cation. The greatest rate 
was observed when the (R)-ester was hydrolysed in a 0.1 mol 
dm-3 NaCl solution. This may explain the Na+-enhanced 
enantioselectivity observed in the lipase-catalysed hydrolysis 
of the racemic 12-crown-4 ester. Crown ether-metal 

7 19F NMR experiments were performed at the SC-NMR Laboratory 
of Okayama University. The e.e.% of the remaining ester 3 was 
determined similarly after LiOH-hydrolysis. 

complexation was for the first time demonstrated to control 
the enzymatic reaction. 

Fig. 1 illustrates the Li+-, Na+- and K+-induced changes in 
the 13C NMR chemical shifts of the signals for the crown ring 
and sidearm carbons of the crown ether 1. Addition of the Na+ 
cation to the solution of crown ether 1 caused significant 
changes in the signals of the crown ring carbons, while the 
signals for the sidearm carbons shifted slightly upon complexa- 
tion. Thus, the Na+ cation was bound to the 12-crown-4 ring 
and not coordinated by the ester-functionalized sidearm. 
Since K+ and Li+ cations induced smaller spectral changes, 
crown ether 1 was supported to readily form the Naf complex 
and to be specifically hydrolysed in the active site of lipase.$ 
These results reveal clearly that the crown ether derivative has 
the potential to regulate enzymatic reactions via metal 
complexation. Chiral crown ethers have been broadly utilized 
in asymmetric sensing, separation and reaction processes,6 
and have been prepared by elaborate stereoselective 
syntheses. Our approach can be considered a new and facile 
method for the optical resolution of racemic crown 
compounds as well as for the improvement of enzyme- 
catalysed organic syntheses. 
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