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Baker’s Yeast Mediated Bioreduction.

A New Procedure Using Ethanol as an Energy Source
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A practical procedure using ethanol as an energy source was
developed on the baker’s yeast mediated bioreduction of prochiral

ketones.

The baker’s yeast mediated bioreduction of prochiral ketones has been

) and is usually

recognized as a useful technique for synthetic organic chemists,
performed in an aqueous solution of glucose or sucrose. It is widely accepted
that the sugar is essential as an energy source for undergoing the continuous
reduction, as NADPH, which is an actual reducing agent, can be efficiently regen-
erated from NADP* through the hexose monophosphate pathway for glucose oxidation in
the yeast cell.z) However, we recently found that not only the metabolism of
glucose but the oxidative pathway of ethanol, which was formed from glucose,
yielded the energy of this bioreduction.3) Now, we would like to report the new

procedure using ethanol instead of the sugar as an energy source.

COOEt

o baker’s
PG aker’s yeast

EtOH, O,

',’/ o
N I

1

The yeast mediated reduction of ethyl acetoacetate (1)4) was examined in an
aqueous solution of ethanol. A suspension of 2.8 g of pressed baker’s yeast
(Oriental Yeast Co.) in 50 ml of an aqueous solution of 0.50 g (77 mM) of 1 and
0.58 ml (200 mM) of ethanol was shaken at 30 °C under the atmosphere and the reac-
tion was monitored by GLC analyses. The reduction of 1 proceeded at the similar
rate comparing with the original procedure using glucose,s) and the ethanol was
continuously consumed. After 10 h, the ordinary work-up afforded (S)-(+)-ethyl 3-
hydroxybutanoate (2) in 67% yield; [a]g 41.6 (c 1.00, CHClj). The enantiomeric
excess (ee) was determined by HPLC analysis of its MTPA ester4) to be 95%. Yield
and ee are comparable to the results obtained by the original procedure.4) On
the other hand, the bioreduction did not proceed under nitrogen atmosphere. It is
assumed that NADPH would be regenerated through the oxidative pathway of ethanol6)
in the presence of oxygen. The investigation on the mechanism in the yeast cell

is now in progress.
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Several prochiral ketones
were also reduced by this
procedure (Table 1). The
configuration of each chiral
secondary alcohol obtained was
the same as that reported for
the product reduced by the
original procedure.7'11)

As the amount of sugar
used in the original procedure
is quite excess, the metabo-
lism of the sugar is trouble-
somely accompanied by a vig-
orous foam of carbon dioxide
and ill-smelling by-products.
So, the new procedure should
be entried as a practical one
for the yeast mediated reduc-

tion.
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Table 1. Yeast Mediated Reduction using EtOH

Substrate Product (yield) [a]B3)/0P)
0 OH
(f:rCOOEt A\<COOEL +25.87 (+25.28)
[::] (68%)
(0] QH
Eﬂ:rCOOEt [j:TCOOEt +14.99 (+13.72)
(90%)
2 HO./
CLCH,CCH,S0,Ph  C1CH,tCH,S0,Ph +13.60 (+13.06)
(75%)
/9 4,08
Ph-C-C-CHj Ph-C-CoCH3 (72%)  -39.40 (-38.79)
0 ReH
Ph-C-CH,0AC Ph-C-CH,OAc (76%) +56.03 (+55.68)

a) Measured in CHC13.
b) The [0‘]]233 of the chiral alcohols prepared by the
original procedures using sugar were measured

in our hand and are shown in parenthesis.
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