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ENANTIOSELECTIVE MICROBIAL HYDROXYLATION OF BICYCLO(2.2.1)HEPTANE CARBON SKELETON
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Science and Technology, Tsukuba, Ibaraki 305, Japan

Summary: Bicyclo(2.2.1)heptane-7-carboxylic acia (1) and methyl bicyclo(2.2.1)hept-2-ene-7-syn-
carboxylate (2) were microbiologically hydroxylated to give (1R)~2~hydroxy derivatives.

The bridged keto acid, 2-oxobicyclo(2.2.1 Jheptane~7-carboxylic acid (;L), is chemically
converted to methyl jasmonate.1 The unsaturated keto acid 2 is an equivalent synthon to the
bicycloheptenone precursors for prostaglandins.2 Synthesis of natural (-)-methyl jasmonate and
natural prostaglandins from 3 or’6vrequires the precursors to be IR in the absolute configura-
tion. These chiral keto acids, (15)—3 and (1&)—2, are obtained by chemical oxidation of the
corresponding hydroxy acids, which will be microbiologically formed from the prochiral acids L
and ﬁ’ (or their esters) if the microorganisms (and enzymes contained therein) can differentiate

two chemically equal sites C-2 and C-3 and only C-2 is hydroxylated by the biocatalysts.
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We have screened a large number of microorganisms and

found that Aspergillus awamori FERM P-8052 and Bacillus

o

thuringiensis IFO 3951 asymmetrically hydroxylated the acid
X 1 and the unsaturated ester 5, respectively, in considerably
~ ~r

high enantiomeric purity. Most of the screened microorgan-
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(endo) < CO. R =H the hydroxylation, yielding not only racemates of the endo

isms showed only low regio- and low enantioselectivity in

o

>
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co and/or exo anti alcohols but also, in the case of substrate
and its methyl ester, the undesired syn alcohols (by hydroxylation at C-5 or C-6).

The mycelia of A, awamori (150 ml1 X 12 shaken cultures,3 31 hr old) were suspended in
0.05 M phosphate buffers (pH 7.5, 100 ml X 12) containing 3 7 glycerol and 1 mM Mo.2+ To each
suspension was added 20 mg of ‘lv and the mixtures were shaken at 30 °C for 64 hr. The mycelia
were filtered off. The filtrate was concentrated, acidified, saturated with NaCl, and extracted
with EtOAc. The extract was purified by silica gel column chromatography (EtOAc/benzene) and
crystallized from EtOAc/hexane to give 161 mg (57 % yield) of (1R)-(-)-2-endo-hydroxybicyclo-
(2.2.1)heptane-7-anti-carboxylic acid @4 as needles, mp 140~1410C, (ot)g5 = -13.4° (¢=0.97, MeOH).
Enantiomeric purity was 84.7 % e.e. as determined by gas chromatography for the diastereomeric
(R)-(-)-1-(l-naphthyl)ethyl urethanes. The hydroxy acid was oxidized with Jones reagent to
yield the keto acid (15)—(+):§’ in 69 7 yield, mp 136~~141 OC, (a]%5= + 16° (c=0.89, MeOH).
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Data in GC (as methyl ester), MS, IR, and PMR were all identical to those for the authentic
(l_R)—(+)-specimen6 ([ot]%5 =+ 18° (c=0.87, MeOH)). Enantiomeric purity was 92.2 % e.e. as
determined by gas chromatography for the diastereomeric (R)-(+)-a-methylbenzylamides.

The unsaturated ester 2(132 mg) was treated with B. thuringiensis in the fermenting
cultures (100 ml X 12)3 for 44 hr at 28 °C. The product in the broth was extracted with EtOAc,
purified by column chromatography, hydrolyzed with NaOH, and finally oxidized with Jones
reagent. Crystallization from benzene/hexane gave 11 mg (8 % yield) of (IR)-(-)- 6 mp 144~148
OC, (OL]ZD = -481° (c=0. 09, MeOH) Enantiomeric purity was 81.9 % e.e. as determined by the
gas chromatographic method.

Thus, the two species of microorganisms were found to hydroxylate the prochiral bridged
compound (}, or 2) in a manner of enantiotopos differentiation, although the substrates are
artificial compounds. Microbial hydroxylation of bridged compounds has been studied,9 but
conversion of achiral precursors to optically active products has been reported only in the
case of azabicyc 10(3.3.1]n0nanes.9b This communication will provide useful information for

developing the application of microorganisms in the field of asymmetric synthesis.
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