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LIPASE-CATALYZED ENANTIOSELECTIVE HYDROLYSIS OF 4-ALKYL-1,4-DIHYDROPYRIDINE DERIVATIVES:
SYNTHESIS OF (+)- AND (-)-METHYL 2-(PHENYLTHIO)ETHYL 1,4-DIHYDRO-2,4,6-TRIMETHYL-3,5-
PYRIDINEDICARBOXYLATE (PCA 4248)
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Asymmetric synthesis of (+)- and (-)-PCA 4248 (PAF antagonist) was achieved using lipase-catalyzed
enantioselective hydrolysis of the acyloxymethyl esters. The enzymatic reaction proceeded under the mild
conditions in an organic solvent.

KEYWORDS 1,4-dihydropyridine; lipase; enantioselective hydrolysis; acyloxymethyl ester; PAF
antagonist

Since 4-aryl-1,4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylates were found to be highly effective calcium antagonists about
twenty years ago,!) many dihydropyridines were investigated, and have been studied and developed as clinically useful against
cardiovascular diseases or hypertension.2) In the case of analogs possessing an asymmetric carbon at 4-position, the two
enantiomers were reported to show quite different biological activities,3) and we reported asymmetric syntheses of their derivatives
from prochiral substrates (bisacyloxylmethyl 4-aryl-1,4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylates) using lipase-catalyzed
enantioselective hydrolysis.4)
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On the other hand, 1,4-dihydropyridine derivatives were recently reported to have anticancer activity®) or to interfere with
platelet aggregation,) but lacked any cardiovascular effects (Chart 1). PCA 4248 and PCA 4233 are new types of PAF
antagonists, developed in a series of 1,4-dihydropyridines, but they have been synthesized as racemates.  Differences in
biological activities between enatiomers of PCA 4248, and PCA 4233 should be made clear, because some enantiomers of
chiral drugs produced considerable side effects. Taking into account the importances of their clinical use, we planned a
synthesis of the optically pure derivatives.

We describe in this paper the asymmetric synthesis of 4-alkyl-1,4-dihydropyridine derivatives, and synthesis of optically
active (+)- and (-)-PCA 4248 using lipase-catalyzed enantioselective hydrolysis of bispivaloyloxymethyl 1,4-dihydro-2,4,6-
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trimethyl-3,5-pyridinedicarboxylate (1a) in an organic solvent. The preliminary screening tests of various lipases revealed
that lipase B (from Pseudomonas fragi) was effective for hydrolysis of the pivaloyloxymethyl ester (1a), which was prepared
from chloromethyl pivalate with dihydropyridinedicarboxylic acid.”-8) The enzymatic reaction was carried out by stirring a
mixture of the substrate (1 mmol) and a crude lipase B (100 mg:20000 U) in diisopropy! ether (IPE) saturated with water.

The hydrolysis proceeded smoothly to give (+)-1,4-dihydro-2,4,6-trimethyl-5-pivaloyloxymethoxycarbonyl-3-
pyridinecarboxylic acid (2a),9 chiral building block for PCA 4248, and PCA 4233, in 91% optical yield with lipase B.10)
The results of lipase-catalyzed enantioselective hydrolysis of 4-alkyl-1,4-dihydropyridines are shown in Table I.  Though
lipase B was well suited for hydrolysis of 4-methyl derivative (1a), enantioselectivity of lipase P for hydrolysis of 4-benzyl
derivatives (1¢) was better than that of lipase B (entries 3,4). In cyclohexyl derivatives, steric hindrance of the cyclohexyl
group seemed to interfere with the hydrolysis of acyloxymethyl groups (entries 5-7). These results showed that 4-substituent
groups affected the reactivities and enatioselectiveities of lipases.

The (+)-monoester (2a) obtained was converted to (+)-PCA 424811) via the intermediates 3 and 4 by successive treatment
with diazomethane, alkaline, thionylchloride, and 2-(phenylthio)ethanol (Chart 2).  On the other hand, (-)-PCA 4248 was
obtained as shown in Chart 3.

Table |. Lipase-Catalyzed Asymmetric Synthesis of 4-Substltuted-1,4-d|hydropyr|dinesa)
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Substrate Product

Entry No. R' R? Lipase ymmol) Time(h) No. C.Y.(%)*?0.Y.(%ee)? [a]o” deg”
1 1a Me 'Bu B(100mg) 8 2a 76 91 +25.8
2 1ib Bn 'Bu B (200mg) 151 2b 67 0 +2.6
3 1¢c Bn Et B(50mg) 4 2c 56 48 27.2
4 1c Bn Et P (100mg) 48 2¢c 71 91 42,9
5 1d Cy 'Bu B(200mg) 9 2d 62 56 +11.5
6 1e Cy FEt B(50mg) 89 2e 16 20 -13.4
7 1e Cy E  P(100mg) 118 2e 29 26 -16.3

a) All reactions were carried out by stirring a mixture of substrate, lipase, and IPE saturated with water

at 25°C. b) Isolated yields. ¢) Satisfactory elemental analyses of all products were obtained. d) Optical yields
were determined by HPLC ahalyses using a column packed with Chiralcel OJ (IPA/hexane) after conversion
to methyl POM ester (entries 1,5), or benzyl methyl ester (entries 2-4,6,7). e) Acetone, ¢ 0.5-1.

The optical purities of (;4-)- and (-)-PCA4248 were determined by HPLC analysis,12) and both of them were revealed to be
almost optically pure.

Thus, we have achieved the first asymmetric synthesis of both (+)- and (-)-PCA 4248, and demonstrated that the lipase-
catalyzed enantioselective hydrolysis of acyloxymethyl esters was applicable to a wide range of syntheses of optically active

medicines.13)
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