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A FACILE ENZYMATIC RESOLUTION PROCESS FOR THE PREPARATION OF 
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Summary: (+)-$-2-(B-Methoxy-2-naphthyl)propionic acid (1J has been prepared via 
enzymatic enantiospecific hydrolysis of (g-chloroethyl-2-(6-methoxy-2-naph- 
thyl)propionate (3_), catalyzed by the lipase of Candida cylindracea. 

P-Arylpropionic acids are an iaportant class of non-steroidal antiinflammatory drugs. 

Two of the most commonly prescribed members of this family are R-isobutylhydratropic acid 

(Motrin) and (+)-z-2-(6-methoxy-2-naphthyl)propionic acid (Naproxen) (9. They are widely 

used to control the symptoms of arthritis and related connective tissue diseases. ’ While 

the antiinflammatory activity of the individual S_(+) and c(-) isomers of R-isobutylhydra- 

tropic acid are essentially equivalent, because of the in vivo conversion of the $(-) to 

the S_( +) enantiomer2 ; in contrast, the S_(+) enantiomer of 2-(6-methoxy-2-naphthyl)propi- 

onic acid is 26 times more active than its K(-) enantioner3. As the chemical synthesis of 

2-(6-methoxy-2-naphthyl)propionic acid leads to a racenic mixture’, chemical resolution 

methods are employed to obtain the (S_)-enantiomer, Naproxen. Generally, these methods 

entail the selective stoichiometric crystallization of a diastereomeric salt by the use of 

an expensive amine such as cinchonidine 4, dehydrobiethylamine acetate5a. or the use of a 

water soluble amine such as glucamine 5b , which is cumbersome to recover. Naproxen (1_, was 

also prepared by chemical resolution of a precursor using the less accessible i-lo-cam- 

phorsulfonic acid’. 

Our interest in the development of an enzymatic method for the preparation of Lied 

us to first examine the enantiospecific transformation of (+_)-methyl-2-(6-methoxy-2-naph- 

thyl)propionate (g by microorganisns. Although we had observed that Penicillium vinaceua 

and Streutomyces cavourensis catalyzed this enantiospecific hydrolysis to yield Lof high 

optical purity’ (w= >0.98). unfortunately, the rate of conversion was slow and the 

microorganisms have low substrate concentration tolerance ((5 g/l). Hence, this process 

is impractical for large scale applications. On the other hand, we have recently dis- 

covered that the extracellular fungal lipases derived from the genera Rhizopus, Mucor and 

Candida are uniquely enantiospecific in catalyzing the hydrolysis of the ester grouping of 

( 9 2- Moreover, they exhibit good stability and are able to tolerate high concentrations 

of substrate (>l M). However, most of these lipases preferentially cleaved the R_-enan- 

tiomer; only the lipase from Candida cylindracea possessed the desired g-stereochemical 
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preference (Table 1). 

TABLE 1. Enantiospecific hydrolysis of (+_)-methyl-2-(6-methoxy-2-naphthyl)propionate (2_) 

by microbial lipases. 
Enantiomeric 

Stereochemical Extent of Excess (%) 

Linase Source1 Preference Conversion (%) Ester Acid E 

Candida cylindracea la 
s 39 63 >98 >lOO 

Mucor meiheilb R 18 21 95 51 - 

Rhizonus arrhizuslC R 11 13 97 78 - 

Rhizopus sp. Id 
R 19 21 92 27 

Rhizopus oryzaele R 11 10 76 8 - 

1 
To one ml of 0.2 M potassium phosphate buffer, pH 8.0, was added 244 mg (1 mmol) of 
(+_)_)2_and varying aaounts of different enzyme preparations. The contents were incubated 
at 22*C for 120-216 h under gentle stirring. 
Sigma type VII preparation, 216 h; b200 

al mg of pure enzyme9 isolated from the 
mg of Amano MAP10 powder, 120 h; cl0 mg of 

enzyme of Boehringer-Mannheim, 120 h; d150 mg of powder from Serva. 120 h; e200 q g of 
Amano PAP powder, 120 h. 

2 E IS the ratio of the specificity constants (k cat/Km) of the two enantiomers. 10 

The enantiospecificity of &. cylindracea lipase was not affected by changes in the 

ester substituent, R, for the enantiomeric ratio, E, remained unperturbed for esters of 

varying chain length (Cl -> E-C,). This observation led us to the use of activated 

esters as a means of enhancing the reaction rate. It was gratifying to find that the 

cyanomethyl (g, chloroethyl (31 and 2’-nitropropyl (5-) esters were all hydrolyzed at a 

considerably faster rate than the methyl ester (3, which suggests that acyl enzyme forma- 

tion may be the rate-limiting segment of the overall reaction. At the same time, the 

sense of chirality and enantiospecificity were not markedly influenced (Table 2). 

TABLE 2. Relative rates of enzymatic hydrolysis. 

Relative Enantiomeric 
Comnound rate ratio (E) 

_Z_ 1 >lOO 

3 15 >lOO - 

& 6 >lOO 

J 3 81 



1765 

(tJ 2 R = CH, L 

3 R = CH,CH,Cl 

4 R = CH,CN 

5 R = CH,-FH-CH, 

NO2 

Hence, the catalytic efficiency of the enzyme is greatly amplified and an illustration of 

the practicality of this simple catalytic process is given below. 

To 50 mg of crude Candida cylindracea lipase (Sigma L1754 Type VII, 600 pg of pro- 

tein) in 1 ml of 0.2 M phosphate buffer, pH 8.0, were added 292 mg of (92-(6-methoxy-2- 

naphthyl)propionic chloroethyl ester (3J (1 mmol) as a fine powder, 1 urn01 of mercapto- 

ethanol and 10 mg of polyvinyl alcohol. The resulting suspension was gently stirred with 

a magnetic stirrer for 42 hours at 22’C. The reaction mixture was then centrifuged for 5 

min at 1000 x g and the precipitate was washed with 0.2 M phosphate buffer, pH 8.0, and 

again centrifuged to collect the water insoluble (-)-IJ-2-(6-methoxy-2-naphthyl)propionic 

chloroethyl ester (140 mg), [a]? = -20.5” (c, 4.96, CHCl . 3, ee= 0.70). The supernatant 

and the washing were combined and acidified to pH 2.0 with 3 N HCl and the precipitate was 

collected by filtration to afford 92 mg of I_, [a] 23 
D 

= +64.2” (C, 3.49, CHC13; ee= >0.96). 

The enantiospecificity and productivity number of various commercial C_. cylindracea 

lipase preparations, as well as the kinetics of lipase action in this heterogeneous system 

are currently under investigation. 
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