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ENZYMATIC PREPARATION OF (35,6R} AND (3R,45)-3-HYDROXY-6-ACETOXYCYCLOHEX-1-ENE
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Summary: Pseudomonas cepacia lipase-catalyzed enantioselective hydrolysis of 2 in water

afforded {35,6R})-3. The antipode (3R,65)-3 was prepared by enantioselective acylation of 4 using

the same enzyme.

The development of methods for the preparation of 4{S)-acetoxycyclohex-2-en-1-one (1) has been the
topic of several recent publications.! Derivatives of 1 are useful intermediates in the synthesis of the HMG-CoA
reductase inhibitors, Mevinclin and Campactin® as well as the immunosuppressant FK506°,

As the use of hydrolytic enzymes to catalyze the stereoselective cleavage of meso-diesters has become
powerful tool in organic synthesis®, we envisaged that enzymatic hydrolysis of cis-3,6-diacetoxycyclohex-1-ene (2)
could readily provide us with either of the enantiomerically-pure forms of 3-hydroxy-6-acetoxycyclohex-1-ene (3)
for transformation into 1. Moreover, 3 could serve as a valuable precursor to optically-active cyclohex-1-en-3-ol,
a chiral building block net readily accessible by conventional enzymic or non-enzymic means.® In this letter, we
describe our results pertaining to the preparation of both enantiomers of 3 via lipase-catalyzed enantioselective

hydrolysis of 2 in water and esterification of 4 in isopropenyl acetate (IPA).
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A survey of the literature reveals that the enzyme acetylcholinesterase from the electric eel {(EEA) was
highly sterecselective in eatalyzing the hydrolysis of cis-3,5-diacetoxyeyclopent-1-ene {5)° and gis-3,7-diacetoxy-
cyclohept-1-ene {6). This enzyme preferentially cleaved the pro-S acetoxy group of § whereas the pro-R
acetoxy group of 6 was cleaved with a high degree of enantioselectivity. However, we noted that EEA-catalyzed
hydrolysis of 2% proceeded with no stereoselectivity. After 60% conversion, the resulhing monoacetate, 3, was
found to be racemic (Table 1). This unexpected finding compelled us to investigate the actions of other enzymes
on the meso-diester 2, for several lipases were reported 1o be highly enantioselective towards 5°. Of the
enzymes examined, the most suitable one was that of Psevdomonas cepacia (P-30) lipase, which afforded 64%

of the monoacetate, 3, after 4 hours with an optical purity of 79% ee'® (Table 1). The absolute configuration
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of the resulting monoacetate (+)-3 was assigned to be (+)-(35,6R) by its chemical conversion to the enantiomer of
a known bicyclic lactone'' via o three-step reaction sequence.'> This indicates that this enzyme preferentially
cleaved the pro-S acetoxy group of 2.

TABLE 1. Enzymatic hydrolysis of 2."

Time Yield (CHCI,) ee'®
Enzyme'® (hrs) (%) (]2 (%)
Aspergillus niger lipase AP 2 27 +16.0
Chromaobacterium viscosum lipase CV 2 51 +42.8 47
Pig liver esterase (PLE} 7 59 -43.5 49
Pseudomonas sp. lipase K-10 7 47 +37.3
Alcaligenes sp. lipase PL 27 43 -23.6
Porcine poncreatic lipase (PPL) 27 37 -19.2
Electric eel acetylchalinestrase 2 60 0.6
Candida eylindracea lipase type VIl § 4 27 +47 1
Pseudomonas sp. lipase AK 4 12 +36.5
Candida cylindracea lipase MY 4 60 +35.1
Psevdomenas cepacia hpase P-30 4 64 +700 72
Subtilisin type XXIV 6 38 -34.6
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nce the monoacetate, 3, is concamitantly hydrolyzed by the lipase to the maso.diol, 4, the kinetics of
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the reaction was carefully monitored {Table 2). To optimize chemical and optical yields, the relative second
order rate constants for the first asymmetric hydrolytic reaction and the subsequent kinetic resoiution step were

determined.'®
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(3R,65)-3
Hydrolysis Esterification
k, = 4.9; kz =1; ks =13 k, =86 ks =T; |(6 =025 k, =019 k; =18

Although the ratio of the relative rate constants for the first enantioselective hydrolytic step (k,/k, = 4.9/1) is not
larae. highly enan vomerically-enrichad
[i"} Hc' lllsl'l’ CruannineEr l‘.,ull’ SHnniLncu
preferentially hydrolyzes the minor antipode (3R,65)-3 with moderate enantioselectivity (k,/k; = 8.6/1.3). Hence,
ionger reaction times lead to the accumuiation of (35,6R)-3 of higher enantiomeric purities but at lower chemicai

yields and vice versa.
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TABLE 2. The kinetics of lipase P-30-catalyzed hydrelysis of 2.2

Yield (%) (CHCL,)
Time 25 ee
(hr) 2 3 4 felo (%)
8 27 56 18 +72.4° 82
22 2 55 43 +78.3° 83
33 2 44 54 +80.0° 90
46 1 36 63 +81.9° 92

Although beth pig liver esterase (PLE) and subtilisin preferentially cleaved the pro-R-acetoxy group of 2,
the enantioselectivity was comparatively low {Table 1). Since lipase-catalyzed esterification reactions in organic
solvents are often more enantioselective than the corresponding hydrolytic reactions in water'®, we turned our
lipase P-30. Further, because the sense of preferred chirality for the forward and reverse reactions is generally
retained'”, this approach provides a direct route to (3R,65)-3.

While most lipase-catalyzed enantioselective transesterification reactions are conducted in non-polar
organic solvents'®, the most suitable condition for this system was that of using neat isopropenyl acetate'® as
solvent and acyl donor. Under these conditions, a 51% yield of (3R,65)-3 (ee = 95%) was obtained {Table 3).
The ratio of the relative secand order rate constants for the first enantioselective acylation reaction and the sub-
sequent kinetic resolution step was determined to be ks/k; = 1/0.25 and kg/k, = 1.8/0.19 respectively (Scheme 1).

TABLE 3. Lipase P-30-catalyzed enantioselective transesterification of 4.'%

Yield (%6) {CHCL,)

Time 25 ee
Solvent (hr) 2 3 4 [alg (%)
Isooctane éé 13 68 n -16.4° 19
Benzene 47 6 53 30 -19.4° 23
THF 23 8 72 8 -52.5° 3
Dioxane {40°C) 45 - 64 - -39.9° 46
Isopropenyl acetate 8 46 46 5 -48.5° 54
lsopropenyl acetate 14 27 55 15 -647° 75
lsopropenyl acetate 29 4 56 33 -85.8° 92
lsopropenyl acetate 40 - 51 44 -90.1° 95
lsopropeny! acetate 55 - 12 88 -91.2° 98

In conclusion, the synergistic coupling of the asymmetric biocatalytic reaction with the subsequent kinetic
resolutian step has allowed the successful preparation of both antipodes of 3 in highly enantiomerically-pure
forms. This strategy of extending the usefulness of enzymes of modest enantioselectivity appears to be of

general applicability in asymmetric catalysis.
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