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Abstract: Both reaction rate and enantioselectivity in a lipase-catalyzed 
hydrolysis of pacetoxybutyronitrile were significantly enhanced by addition 
of hydroxymethyl- 12-crown-4. 

The synthetic value of lipases has been well recognized because the reaction is 
highly efficient and proceeds under mild conditions. 1 Since a limited number of 
lipas.es and substrates that are applicable to achieve kinetic resolution*have been 
reported, a convenient method for improving the ability of the enzymes has been 
awaited. Two methods are recommended to enhance the enantioselectivityof the 
lipase-catalyzed hydrolysis. One is the modification of the substrate, * and’the other 
is the. addition of a compound that regulates the reactivity of the lipase. 3 Although 
the second approach is advantageous for its simplicity of use, only two effective 
compounds have been reported as such additives. 3 We now wish to report the 
finding of 2-hydroxymetbyl-12-crown-4 (I-W12C4) as u new type of additive that 
enhances both reaction rate and enantioselectivity in the hydrolysis of bacetoxy- 

butyronitrile (1) by Lipase PS (Amano, Pseudomonas sp;) (Eq.1). This is the first 
examplc~of a crown ether-type compound being used to enhance the enantioselec- 
tivity of an enzymatic reaction, though crown ethers have been reported as 
complexing agents for several types of proteins. 4 
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We chose g-acetoxybutyronitrile (1) and Lipase PS as the control in this project. 

because the nitrite 1 has the potential to become a useful chiral building block and 
Lipase PS is recommended as one of the best enzymes applicable to a wide variety of 
substrates.lcg4. 

The hydrolysi&,of 1 awas .carritd out ia a non-buffered aqueous solution to 
exclude the effect of the metal cation complexation with a crown ether. 5 Typically, 
an additive and Lipusu,PS 6.(30 mg) were added to a suspension of (*))-1 (60 mg, 
0.47 mmol) in a mixed solvent of5.0 mL of water,a,nd 0.5 mL of acetone, and the 
resulting mixture was stirred at 35°C. The reaction was monitored using silica-gel 
TLC and was stopped wben spots of the ester 1 and -alcohol P became the same size. 
After GPC analysis of the crude product to determine the.hydrolysis ratio, the 
resulting alcohol 2 and rem*aining ester S were extracted with ethyl acetate and 
isolated by silica-gel TLC (hexane E EtQAc = 2: 1). The optical purity of the alcohol 2 
was determined by an @F NMR analysis 7 of the corresponding (+)-c+methoxy-o- 
trifluoromethyl-clphenylacetate (MTPA). * 

Several crown ethers and acyclic analog were examined as additives. As can 
be seen in Table 1, both the reaction rate and enantioselectivity largely depended on 
the nature of the additive. T,be highest E value.9 18, was recorded when the 
hydrolysis was carried out in the pres.ence of one equivalent of HM-12C4 (0.086 M) 
based on the substrate 1 (Entry 9). This concentration of HA&la@ in the reaction 
mixture corresponds to 5.000 or more times the molarity based on the enzyme.6 
Addition of 12-crown-4 (12C4). 18-crown-6 (18C8). or tetraetbylene glycol 
monomethyl ether (TEM) accelerated the hydrolysis, but the enantioselectivity was 
little eabancad (Entries 2, 3 and 4). Since 2-benzyloxymethyt-12-crown-4 (BnM- 
12C4) was also not effective in enhancing of tbe enantioselectivity (Entry 12), a 
combination of crown ring and hydroxymcthyl side ar,m group is required to 
improve the reaction performance of.rtbis Mpase. The chirality of the side arm of HM- 
12C4 may not affect the enzyme selectivity. The, same E values were observed when 
the reactions were conducted inthe presence of (i)-HM-12C4 or (S)-HM-12C4tu 
(Entries 7 and 11). 

We previously reported that, dextrometborphan (DM) and, f S)-2-amino-4- 
methylthio-1-butanol (L-M&OH) w e r e additives effectively enhancing the 
enantioselectivity of this lipase-catalyzed reaction. 3h On addition of 33 mot% of DM 
or L-MetOH, the E, ,ralucs of the hydrolysis of 1 were recorded under the same 
conditions as 13 and 17, respectively (Entries 13 and 14). Results of the reaction 
rate are interesting. Addition of HM-12C4 or L-MetOH accelerated t&e hydrolysiswith 
similar efficiency (Entries 7 and 14), while addition of DM slightly reduced the rate 
(Entry 13). 

Although the origin of the ,effect, of the additive on the reaction profile is not 
yet clear, it was established that the crown ether derivative has the potential ability 
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Table 1. Effect of Additive on the Lipase-Catalyzed Hydrolysis 

~~ ~ 

fihty Additive mol% a COIlditiOnS Tii W&;iI Rateb %eeof2 EC 
II 

1 none 

2 1x4 

3 18CX 

4 TEM 

5 HM-12C4 

6 HW12C4 

7 HW12C4 

8 HM-12C4 

9 HM-12C4 

10 HM-12C4 

11 (S)-HM-12C4 

12 BnM-12C4 

13 DM 

14 L-MetOH 

0 

33 

33 

33 

5 

10 

33 

5O 

100 

200 

33 

33 

33 

33 

H20 31 

Hz0 13 

Hz0 16 

Hfl 24 

Hz0 27 

H20 19 

H2O 20 

Hz0 19 

Hz0 18 

Hz0 18 

H20 24 

Hz0 24 

Hz0 48 

H20 31 

31(30) 1.0 76 10 

35 (34) 2.7 76 11 

35 (351 2.1 76 11 

42 (41) 1.8 73 11 

41 (39) 1.5 74 11 

35 041 1.8 76 11 

40 (40) 2.0 80 15 

45 (44) 2.4 n. 15 

44 (42) 2.4 81 18 

53 (51) 2.9 72 15 

46 (45) 1.9 77 15 

42 (39) 1.8 74 11 

47 (46) 0.98 74 13 

59 (59) 1.9 66 17 

a) Baaed oa the substrate. where 100 mol% correspoads to 0.086M. b) Resolts of comparing the % 

coaversioa with the reference rate. The reference rate is shown in Batry i. c) Calculated by the hydrolysis 
ratio (6 Coav.) aad ee of 2.9 

O-OYe 

O-‘*OH 

pfo.. 
U 

TEM (S)-HM-12C4 WA-1 2c4 

to enhance the reaction rate and the enantitiselectivity of the lipase-catalyzed 
hydiolysis. Our approach is therefore recommended as a new method to regulate 
the enzymatic reactions. Further research on the control .of enzymatic activity by 
crown ether compounds is ongoing. 
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