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Abstract- Optically active 2-hydroxymethyl-1.4-dihydropyridine was obtained by 

lipase-catalyzed transesterification of isopropyl methyl 1,4-dihydro-2- 

hydroxymethyl-6-methyI-4-(3-nimphenyl)-3,5-pyridincxylate. This chiral 

dihydropyridine was readily converted into biologically active (S)-nilvadipine. 

Hydrolytic enzymes, lipases and esterases have been widely used for organic synthesis of chiral compounds. 
Especially, lipases are one of the most suitable biocatalysts for organic synthesis, because they can use without 

inactivation, and keep acceptable catalytic activities even in organic solvents.' 

Scheme 1 

4-Aryl-1,4-dihydropyridinedicarboxylic diesters are known as calcium antagonists, and this series of derivatives 

have been widely used as an antihypertensive drug2 When the two ester groups are different, C4 of the 

dihydropyridine ring becomes c h i d ,  and their enantiomers have been reported to show much different biological 

ac t i~ i t i e s .~ ,~  In previous papers, we reported asymmehic synthesis of their derivatives from prochid  substrates 

(bisacyloxymethyl 4-aryl- and 4-a lky l -1 ,4 -d ihydro-2 ,6 -d imethy l -3 ,5 -py~oxy la tes )  using lipase 

 catalyst^,^.^ and the enzyme-catalyzed synthesis of optically active 2-substituted 1,4-dihydropyridine~,~ where 

absolute configuration was assumed on the lipase-catalyzed hydrolysis mechanism of the related 4-aryl-1,4- 

dihydropyridinedicarboxylic diacyloxymethyl esters. In this paper, we report the synthesis of (S)-(+)-isopropyl 

1,4-dihydro-2-cyano-3-methoxycarbonyl-4-(3-niopheny)-5-pydinecxylate (nilvadipine)g using lipase- 

catalyzed kinetic resolution from the racemic materials and the stereochemical pathway of these lipase-catalyzed 

msesterification with vinyl acetate as shown in Scheme 2. 
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Table 1. Enzyme-catalyzed Optical Resolution of Racemic Isopropyl 2-Acetoxymethyl- 
1,4-dihydro-6-methyl-4-(3-nitrophenyl)-3-methoxycarbonyl-5-pyridinecarboxylatea 

1 lipase PS IPE 96 41 74e 36 8 lf 

2 CHE IPE 24 32 39 50 25 
a All reactions were canied out by stirring a mixture of snbsuate(1 mmol), enzyme(200 mg), and IPE(10 ml) 
saturated with HzO containing 10% acetone. b Isolated yields. c Satisfactory elemental analyses of all products 
were obtained. d Optical yields were determined by hplc analysis using a column packed with Cbi ice l  AS 
(IPAihexane) after conversion to 1. e [aID -9.S0(c 1.8, acetone). f [a],, -2.2'(c 1.4, acetone). 

Table 2. Enzyme-catalyzed Optical Resolution of Racemic Isopropyl 2-Hydroxymethyl- 
1,4-dihydro-6-methyl-4-(3-nitropbenyl)-3-methoxycarbonyl-5-pyridinecarboxylate' 

. . . .  . . . .  

Enoy Emyme Solvent Time(h) c.Y(%)~'~ O.Y.(% ee)d c . Y ( % ) ~ ~  O.Y.(% ee)d 

1 lipase AH Acetone 33 49 68 46 9 6  
2 CHE Acetone 19 49 29 41 35 
3 IipasePS Acetone 41 46 78 40 89 
4 lipasePS DMF 136 52 40 26 46 
5 IipasePS THF 71 46 78 44 89 
6 lipase PS Acetong 136 40 76 39 89 
7 IipasePS Acetong 64 40 68 38 82 
8 lipase PS ~cetone* 44 42 97' 55 72 

a All reactions were canied out by sblning a mixture of substrate(1 mmol), enzyme(2M) mg),vinyl acetate 
(25 ml), and solvent(l0 ml). b Isolated yields. c Satisfactory elemental analyses of all products were obtained. 
d Optical yields were determined by hplc analysis using a column packed with Chiralcel ASWAhexane) after 
conversion to 1. e [alD +3.0°(c 1.6, acetone). f [all, +12.6"(c 1.8, acetone). g at O°C. ha t  40°C. 
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Enzyme-catalyzed Synthesis of Biologically Active (S)-Nilvadipine 
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Scheme 2 

The preliminary screening tests of various enzymes revealed that lipase PS9 (from Pseudomom cepacia) and 
CHE9 (cholesterol esterase) were effective for hydrolysis of 1,1° and transesterification of 2." The enzymatic 

hydrolysis of 1 was canied out by stirring a mixture of 1 and a crude enzyme in diisopmpyl ether (IPE) saturated 

with water containing 10% acetone, and the transesterification of 2 was canied out in vinyl acetate containing 

40% solvent shown in Table 2. Table 1 shows the results of hydrolysis of 1. The reaction with lipase PS 

proceeded to give (R)-112 in 74% ee and (S)-Z12 in 81% ee, respectively. But the reaction rate was very slow. 

The successive uanesterification of 2 was run with vinyl acetate. This transesterification proceeded more faster 
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than the hydrolysis to give (R)-213 and (S)-113 in high optical yields (Table 2). The absolute configuration of 1 
and 2 was assigned after conversion to (S)-nilvadipine14 whose absolute configuration was already determined 

by X-ray crystallographic analysis of (S)-4.15 In previous paper, we assigned the absolute configuration of 
( 0 7  by conversion to (R)-8 whose absolute configuration was already determined by X-ray crystallographic 

analysis of (S)-5.4 These results clearly indicate that enzymecatalyzed hyhlyses of 1 and 6 w m  undergone 

at the same side of the dihyhpyridine ring. 
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