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Stereochemical Control in Microbial Reduction. XXV.
Additives Controlling Diastereoselectivity in a Microbial
Reduction of Ethyl 2-Methyl-3-oxobutanoate
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Stereoselectivity of microbe-catalyzed reduction of ethyl 2-methyl-3-oxobutanoate to optically active 3-
hydroxy-2-methylbutanoate can be controlled by the addition of methyl vinyl ketone to the reaction system.
The reduction by Geotrichum candidum, Endmyces magnusii, and Mucor jevanicus with an appropriate
additive affords the corresponding anti-(2S5,35)-hydroxy ester selectively, whereas the reduction by bakers’
yeast and Candida tropicalis with an additive gives the corresponding syn-(2R,35)-hydroxy ester selectively.

Stereoselective synthesis of alkyl 3-hydroxy-2-meth-
ylbutanoate is an interesting subject in asymmetric or-
ganic syntheses, because the ester contains two chiral
centers as well as two functional groups that are read-
ily convertible into other functions. A number of re-
searchers have reported the synthesis of this compound
by the use of a biocatalyst.!—® Microbial reduction of
the corresponding keto ester is one of the most popu-
lar methods for obtaining this compound.'—® Although
the enantioselectivity of these reactions is mostly ex-
cellent, the diastereoselectivity, syn/anti ratio,” is
unsatisfactory.'—® In previous papers, we reported sev-
eral methods for improving and/or controlling the di-
astereoselectivity of microbial reduction. Modification
of the substrate is one of the tricks; a structural change
in the ester moiety affects diastereoselectivity of the
bakers’ yeast reduction appareciably.®® The reduction
of octyl® and neopentyl® esters of 2-methyl-3-oxo-
butanoic acid affords the corresponding syn-(2R,35)-
hydroxy ester, selectively. Modification of reaction con-
ditions is another technique: The use of an organic
medium for the reduction mediated by a microbe is
helpful for obtaining a satisfactory result. The reduc-
tion mediated by immobilized Geotrichum candidum
in an organic solvent in the presence of cyclopetanol
as an additive gives ethyl syn-(2R,3S5)-3-hydroxy-2-
methylbutanoate selectively.!® The use of an isolated
enzyme is also a recommended method for stereose-
lective syntheses of optically pure alkyl 3-hydroxy-2-
methylbutanoates. One of the [-keto ester reduc-
tases from bakers’ yeast, which has been abbreviated
as L-1, affords ethyl syn-(2R,3S)-3-hydroxy-2-methyl-
butanoate,!*''? whereas one of the 3-keto ester reduc-
tases from Geotrichum candidum gives the anti-(25,35)-
hydroxy ester, another stereoisomer, selectively.!®

Recently, we developed a valuable method of stereo-

selective reduction with bakers’ yeast: the introduction
of methyl vinyl ketone (MVK) to the reaction system
results in great improvement of diastereoselectivity, giv-
ing the syn-(2R,35)-hydroxy esters selectively.'* 1) Al-
though the method is quite useful because of its facility
in operation, preparation of the other stereoisomers of
this compound has not yet been completed. We there-
fore extended the method for reductions mediated by
a microbe other than bakers’ yeast, and found that
the reduction by mold with an appropriate additive af-
fords the corresponding anti-(2S5,35)-hydroxy ester se-
lectively, whereas the reduction by yeast with an ad-
ditive gives the corresponding syn-(2R,35)-hydroxy es-
ter selectively. This report will describe details in the
preparation of ethyl anti-(25,35)- and syn-(2R,35)-3-
hydroxy-2-methylbutanoate in excellent stereoselectivi-
ties. (Eq. 1). '
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Experimental
Instruments. NMR spectra were recorded on a Varian

VXR-200 and a JEOL JNM-GX 400 spectrometers in CDCls
solutions with tetramethylsilane (TMS) as an internal ref-
erence. Gas chromatograms were recorded on a Shimadzu
GC-14A (PEG-20M Bonded, 25 m) and GC-9A (Chiraldex
G-TA, 20 m, 70 °C) gas chromatographs.

Materials. Organic reagents and solvents were pur-
chased from Nacalai Tesque, Inc. and Aldrich Chemical Co.

General Procedure for Cultivation of Microbes.
Geotrichum candidum (IFO 4597): Ina 1 L of 0.1 M (1
M=1 moldm™®) potassium phosphate buffer at pH 6.2, 30
g of glycerol, 10 g of yeast extract, and 5 g of polypeptone
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were dissolved. The solution was sterilized for 20 min at 121
°C in an autoclave, then the microbe was cultivated at 27
°C for 2 d. The mixture was filtered on a filter paper.

Endmyces magnusii (IFO 4600): Composition of a
culture medium and the procedure for cultivation were the
same as that for G. candidum.

Mucor javanicus (IAM 6101): InalL of deionized

and distilled water, 33.4 g of glucose, 10 g of KNO3, 2.5 g of

MgS04-7TH20, 5.0 g of KH2POy4, 0.25 mg of FeSO4-7TH20,
and 2.5 mg of ZnSO4-7H20 were dissolved. The pH of the
solution was kept at 4.5. The solution was sterilized for
20 min at 121 °C in an autoclave, then the microbe was
cultivated at 27 °C for 3d. The mixture was filtered on a
filter paper.

Candida tropicalis (IAM 6052): InalL of deionized
and distilled water, 20 g of glucose, 1 g of corn steep liquor,
1 g of MgS04-TH20, 5 g of NH4H2PO4, 2.5 g of KH2POy,
and 1 mg of FeCls were dissolved. The pH of the solution
was kept at 6.2. The solution was sterilized for 20 min at
121 °C in an autoclave, then the microbe was cultivated at
27 °C for 2d. The mixture was filtered on a filter paper.

Reduction of Ethyl 2-Methyl-3-oxobutanoate with
a Microbe. In general, a suspension of 2.5 g of microbe
in 22.5 mL of water was preincubated for 1 h at 30 °C in the
presence or absence of 0.75 mmol of an appropriate additive,
then, 0.50 mmol of ethyl 2-methyl-3-oxobutanoate (1) was
added to this reduction system. The mixture was shaken at
100 rpm for 24 h at 30 °C. Hyflo Super-Cel and ethyl acetate
were added, and the mixture was filtered. The precipitates
were washed with ethyl acetate. The combined washings
and filtrate were washed with water and brine, dried over
anhydrous sodium sulfate, and concentrated under reduced
pressure. The residue was purified by column chromatogra-
phy on silica gel with hexane/ethyl acetate (5/1) used as an
eluent, giving the hydroxy ester 2. The chemical yields are
listed in Table 2.

Determination of Enantiomeric and Diastereo-
meric Excesses. Diastereomeric excesses (d.e.) in
the product 2, were determined with GLC equipped with
a capillary column PEG 20 M (Bonded, 0.25 mmx25 m,
110 °C).'” Enantiomeric excesses (e.e.) in the product 2
were determined with GLC equipped with a capillary col-
umn Chiraldex G-TA (0.25 mmx20 m, 70 °C). The abso-
lute configuration of the isomer corresponding to each peak
of ethyl 3-hydroxy-2-methylbutanoate obtained from the re-
duction of 1 by NaBH4 (composed of all four isomers) was
determined by comparing its retention time with those of
the authentic samples prepared by methylation of racemic
and ethyl (5)-3-hydroxybutanoate, and by the reduction of
1 with bakers’ yeast.®) The e.e. and d.e. values are listed in
Tables 1 and 2.

Results and Discussion

When bakers’ yeast is incubated with MVK before it
is employed for the reduction of 1, syn-(2R,3.5)-hydroxy
ester, syn-2, is obtained selectively.'¥) The improvement
of stereoselectivity was accounted for by the difference
in inhibition constant, K;j, toward MVK between two
enzymes that participate to the reduction with differ-
ent stereoselectivity.'® The method for improving the
stereoselectivity of the reduction by bakers’ yeast might
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Table 1. Effect of Additive on the Diastereoselectiv-
ity of Geotrichum candidum Reduction®
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a) G. candidum, 2.5 g; Water 22.5 ml; Substrate, 0.50
mmol; Additive, 0.75 mmol. b) Preincubated for 1 h in
the presence of an additive at 30 °C. ¢) Determined on
GLC after 24 h.

be applicable effectively to the reduction with other mi-
crobes, provided the microbe contains plural enzymes
participating the reduction. We therefore investigated
the effect of an additive on diastereoselectivity of mi-
crobial reduction. Previous research has reported that
Geotrichum candidum is able to reduce various [-keto
esters.>1872% Because organic chemists can cultivate
this mold easily, it was employed as the typical microbe
for investigation.

Effect of Additive on Diastereoselectivity. Re-
duction of 1 by G. candidum without an additive affords
the corresponding anti-hydroxy ester, anti-2, in 12%
d.e. (Table 1). For the purpose of screening a reagent
effective for improving diastereoselectivity of the reduc-
tion with G. candidum, various organic and inorganic
compounds were added to a reaction mixture on prein-
cubation at 30 °C for 1 h, and 1 was then added to this
preincubated system. Diastereoselectivities associated
with the reductions in the presence of effectual additive
are summarized in Table 1. Certain alkylating reagents
are effective for improving the anti-selectivity of the re-
duction. a-Halo carbonyl compounds are particularly
effective, whereas a-halo esters retard the reaction dras-
tically. «,B-Unsaturated carbonyl compounds also im-
prove diastereoselectivity in the anti-product. MVK is
again a useful additive for improving the stereoselectiv-
ity for the present reaction. Chloroacetone (CA) and
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Table 2. Effect of Additive on the Diastereoselectivity of Microbial Reduction®

o o Microbe /Q'i/cl)l\ QH o
- B + 5
OEt Additve ! OFt /\ru\oa
1 2-syn 2-anti
Microbe Additive®  syn/anti ee/ % yield / %
(2R,35)/-syn  (2S5,35)/-anti
Geotrichum candidum None 47/53 >99 95 62
MVK 6/94 >99 95 43
CA 4/96 >99 95 52
Endmyces magnusii None 31/69 >99 90 72
MVK 9/91 >99 92 58
CA 6/94 — 80 46
Mucor javanicus None 25/75 >99 >99 39
MVK 10/90 >99 >99 30
Bakers’ yeast® None 87/13 >95 >95 75
MVK 96/ 4 >95 >95 72
Candida tropicalis None 81/19 >99 99 58
MVK 86/14 >99 93 40

a) Microbe, 2.5 g; Water, 22.5 ml; Substrate, 0.50 mmol.
¢) Data from Ref. 16.

presence of an additive at 30 °C.
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Fig. 1. Effect of MVK (open symbols) and CA(closed

symbols) on diastereoselectivity (circles) and reactiv-
ity (squares) of the reduction of ethyl 2-methyl-3-
oxobutanoate 1 by G. candidum.

MVK were employed as additives for further studies,
because of their excellent selectivity and reactivity.

In Fig. 1, diastereoselectivity in the product is shown
as a function of the concentration of additive. The dia-
stereoselectivity in the anti-product increases with an
increase in the concentration of additive; the best result
was obtained with a concentration of 20 mM for both
additives, but the efficiency of reduction decreases dras-
tically after this concentration. For the reduction by
bakers’ yeast, mechanism for the participation of MVK
has been elucidated at enzyme level.!® Similar mecha-
nism might be operating here for G. candidum.

Stereoselective Reduction with a Microbe. As
described above, we expect that the addition of an ad-
ditive to a microbial transformation system affects the

b) Preincubated for 1 h in the

stereochemical outcome. We, therefore, extended the
method to other microbial reductions. Since suscepti-
bility of the reduction to an additive depends on a mi-
crobe, concentration of the additive has to be optimized
for each microbe. Thus elucidated optimum concentra-
tions of MVK or CA are 20, 25, 10, 83, and 25 mM for
G. candidum, Endmyces magnusii, Mucor javanicus,
bakers’ yeast, and Candida tropicalis, respectively. The
results are summarized in Table 2. The absolute config-
urations and enantiomeric excesses in products were de-
termined on a chiral capillary GC-column (Chiraldex G-
TA), cf. Experimental section. G. candidum, E. mag-
nusii, and M. javanicus afford the syn-product prefer-
entially, whereas bakers’ yeast and C. tropicalis prefers
to afford the anti-product in the presence of the ad-
ditive. It is interesting to note that the microbes in
the former group are molds and those in the latter are
yeasts.

We have thus elucidated that the introduction of
an additive to a microbial reduction improves the dia-
stereoselectivity in great extent, and affords satisfac-
tory results in the preparation of anti-(25,35)- and syn-
(2R,35)-hydroxy esters by the use of various microbes.
We believe that the present technique is applicable to
other microbiological transformations, provided unsat-
isfactory results stem from the operation of plural en-
zymes. The detailed mechanism for the present reduc-
tion at enzyme level will be reported elsewhere.

The present work was partially supported by a Grant-
in-Aid for Scientific Research No. 06740549 from the
Ministry of Education, Science and Culture.
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