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ASYMMETRIC REDUCTION OF BENZIL TO BENZOIN CATALYZED BY THE
ENZYME SYSTEM OF A MICROORGANISM
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Benzil was reduced by incubation with a bacterium in a nut-
rient medium to afford (R)-benzoin. Substituted benzils were also

hydrogenated to the corresponding benzoins in a similar manner.

Optically active a-hydroxyketones constitute a useful group of versatile
chiral building blocks for asymmetric synthesis.1) Although several such building
blocks can be derived from naturally occurring products such as lactic acid and
amino acids, unnatural type compounds have to be prepared by way of asymmetric
synthesis. One of effective methods for these purposes is wutilizing enzyme

2)

systems of microorganisms in transforming chemical substances. Thus, we

screened microorganisms that reduce enantioselectively only one of two carbonyl
groups of benzil (1) to give optically active benzoin (2). Although, there have
been known a few microorganisms that hydrogenate benzil, the major product is 1,2-
diphenylethanediol, the minor product being benzoin of low optical purity.3) In
this letter, we wish to report a highly enantioselective reduction of benzil to
give (R)-benzoin.

4)

In a nutrient medium, Xanthomonas oryzae IAM 1657, a kind of bacteria which

was selected by screening tests among many type cultures, was grown at 30 °C by
shake culture for two days. Benzil was added to this suspension (0.2 g/100 ml
medium), and the cultivation was continued for additional 3 days. The product was
isolated and purified by extraction from the broth, followed by ordinary after-
treatments and column chromatography on silica gel. The sole product was benzoin,
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which was identified by comparison of IR, 1H—NMR spectra, and melting point with

those of a racemic authentic specimen. No formation of 1,2-diphenylethanediol was
confirmed by HPLC. This fact shows the strict chemoselectivity of this enzyme,

i.e., it reduces a carbonyl group of diketone but not a—hydroxyketone.s) Only a

6) Moreover, the resul-

few such type of reactions have been demonstrated so far.
7)

ting benzoin was revealed to be optically pure of (R) absolute configuration

([a]%S -114°, in acetone, c¢ 1.54), within the error of HPLC analysis.a)
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Then, our interest was focused on the regioselectivity of the reaction of the
substrates which have a substituent on one phenyl group. Thus, p-methyl-, p-
methoxy~ and o-methylbenzil were subjected to the microbial reduction. p-Substi-

tuted substrates were reduced with moderate regioselectvities, i.e., the carbonyl

group attached to the R=CgHy=CH-C~CgHs R-CgHy-C-CH-CgHs R 3:4
non-substituted phenyl 6H 8 8 6H a p-Me 25:75

i b -MeO 37:63
group was preferentially 3 4 c g—Me 100:0

reduced to give a mixture

consisting of two possible a-hydroxyketones 3 and 4. Although two isomers could
not be separated by column chromatography and PTLC, preparation of racemic 3a, 4a
and 4b from the corresponding mandelic amide and arylmagnesium bromide made it
possible to determine their molar ratios.?) Moreover, the optical purities of

8 .
) To our surprise,

major isomers 4a and 4b were confirmed to be over 95% by HPLC.
o-methylbenzil afforded 3c as a sole product, which was confirmed by comparison
of spectral and chromatographic data with those of racemic 3¢ and 4c prepared by
the above mentioned method. Optical purity of 3¢ was revealed to be 94% by HPLC
analysis.

In conclusion , reduction of benzil derivatives with X. oryzae was demon-
strated to be highly stereoselective. Further substrate specificity, as well as

the absolute configuration of products will be presented in the near future.
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