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Furanoid compounds are important building blocks in
organic synthesis. functioning either as masked 1,4-
diketones or cyclopentenones! or as masked acids.? In
addition, chiral compounds containing both a furan
moiety and a dienophilic group are valuable synthetic
intermediates in intramolecular Diels-Alder reactions.3
Enantiomerically pure o-hydroxy acid derivatives are
also important building blocks,* and have been obtained
via enzyme-catalysed kinetic resolution of racemates,’ or
by enantioselective asymmetric reduction of a-substituted
a-keto acid derivatives using chiral catalysts, isolated
enzymes or micro-organisms.®

Microbial enantioselective reductions of carbonyl com-
pounds, especially B-dicarbonyl compounds, are well
known and baker’s yeast (Saccharomyces cerevisiae, BY )
is often the reagent of choice.” However, only a few
a-hydroxy acid derivatives have been obtained in satis-
factory ee via BY-reduction.® We have previously studied
such a reduction of a-oxo(2-furyl)acetic acid derivatives
and found that the a-oxo amide affords the a-hydroxy
amide in 45% yield and 98% ee, when the reaction is
carried out in water in the presence of 2-propanol.’
However, under similar conditions, methyl a-oxo-
(2-furyl)acetate (1) furnishes (—)-methyl (R)-a-hydroxy-
(2-furyl)acetate (2, see Scheme 1) of only 35% ee.® Since
hydrolysis of amides requires harsh conditions, which
may lead to racemisation or decomposition, we wanted
to improve the BY reduction of 1 in order to obtain
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Scheme 1. Baker's yeast reduction of methyl a-oxo(2-furyl)-
acetate (1) to give (—)-methyl (R)-a-hydroxy(2-furyl)acetate
(2).

the enantiomerically pure methyl ester of a-hydroxy-
(2-furyl)acetic acid, which should constitute a more
versatile chiral building block than the amide.

Whole cell systems like BY produce many reducing
enzymes with opposite or low enantioselectivities.'® In
order to have stereochemical control in BY reductions,
i.e., utilising only the desired enzyme activity, three
different strategies are available: (1) substrate modifica-
tion, (2) control of the enzymatic activities by selectively
depressing or enhancing a specific activity by means of
different additives, e.g. metal ions'! or inhibitors,!%*? or
(3) control of the substrate concentration by using
solvents or absorbing resins in what could be defined as
extractive biocatalysis.!> Multiphase systems containing
water-immiscible solvents have been considered in biocat-
alysis using whole cells.'4

In this communication we address the problem of
increasing the enantiomeric excess of methyl (R)-a-
hydroxy(2-furyl)acetate (2), the product of the BY
reduction of methyl a-oxo(2-furyl)acetate (1, Scheme 1),
by means of a rational approach to a combination of
the above-mentioned strategies.



Results and discussion

When performed essentially as described previously®
(water at 35°C with fermenting BY and glucose), the
biotransformation depicted in Scheme 1 furnished fair
yields of (—)-methyl (R)-a-hydroxy(2-furyl)acetate (2)
of 30-35% ee in several experiments. The use of pre-
fermented yeast in water in the absence of glucose gave
(—)-(R)-2 in 54% ee.

Various compounds, including ethyl chloroacetate,
allyl alcohol, allyl bromide and methyl vinyl ketone,
have been employed extensively as additives or inhibitors
in order to increase ee in BY reductions of f-keto
esters. 10125413 Other compounds, for instance oxamic
acid'?* and allicin'® (obtained in situ from garlic), are
known for their ability to inhibit specific reductases but
have not been used before for stereochemical control of
yeast reductions.

We found that BY reductions of 1 performed in the
presence of oxamic acid (0.1-10 mM) or ethyl chloro-
acetate (25 or 67 mM) either with or without added
glucose gave no significant improvement to the ee of
isolated 2 (<45% ee). Reactions in the presence of allyl
alcohol or methyl vinyl ketone (both 1g~') gave a
surplus of (S)-2 (eepax=15%) within 7h and (ee,,. =
15%) within 17 h, respectively. Apparently both com-
pounds inhibited the enzyme providing the desired (R)-
enantiomer, the activity of which we wished to single
out. When the biotransformation (Scheme 1) was per-
formed in the presence of crushed garlic cloves, (R)-2 of
only 15% ee was obtained, indicating that the inhibitory
effect of garlic is similar to that displayed by allyl alcohol
and methyl vinyl ketone.

We and others have previously shown that the addition
of 1- or 2-propanol to some substrates can result in
increased ee in BY reductions.®*** In our hands, although
2-propanol was ineffective, 1-propanol used as the solv-
ent for the substrate in the reference reaction gave the
product in 43% ee.

Work by some of us has recently demonstrated that
the ee in the BY reduction of ethyl f-oxobutanoate can
be substantially improved by adsorption of the substrate
on a resin before the reaction.'® This method also proved
to be successful with substrate 1 which on BY reduction
in the presence of 1-propanol furnished compound 2
partitioned approximately 2:1 between the BY-water
phase (90% ee) and the resin phase (92% ee) in a
50% yield.

Ethyl B-oxobutanoate can be successfully reduced in a
two-phase system (water—organic solvent, 1:1) by crude
BY in high enantiomeric excess.!” When the reference
reaction was tried with subtrate 1 under vigorous agita-
tion with an equal volume of hexane, no significant
improvement in the ee of the product 2 was observed.
However, since only a few layers of water molecules are
required to hydrate enzymes fully, their activity should
be preserved even when only very small amounts of
water are present in the system. A reduction of the water
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content is easy to achieve if dry baker’s yeast (DBY)
is used.

Some aliphatic a-oxo esters can be reduced in benzene
to chiral a-hydroxy esters with satisfactory ee of the
produced a-hydroxy esters using DBY and a small
amount of water.® Therefore reductions of 1 using 1.6 ml
H,O per/g of DBY and an added solvent were studied.
Two bulk solvents were tested, benzene and hexane.
Small amounts of ethanol or 1-propanol were used to
dissolve 1. In addition, different buffers (pH 7.1; 6.15;
4.94; 3.94) were tested against pure water. The results
are presented in Table 1.

Hexane was the best of the two solvents, giving both
superior ee and superior yield within 25-29 h. The bene-
fits of using 1-propanol instead of ethanol were now
evident. Although the ee:s were not significantly higher
than those obtained using pure water, the reaction at
pH 7.1 gave more reproducible results. A plot of the ee
of the product 2 versus reaction time is shown in Fig. 1.

For experiments on a larger scale, we selected the
conditions that gave 93% ee at 98% conversion. In order
to achieve high conversions and enantiomeric excesses,
the large scale reactions required longer reaction times,
probably due to the multiphase system used, in which
the efficiency of the stirring was crucial.

One of the puzzling facts that emerged from this study
and which warrants further investigation was the
observed increase of the ee of the product (R)-2 with the
time of reaction (see Fig. 1). Similar results have been
noted before and have been suggested to be due to
enantioselective hydrolysis of the produced hydroxy
esters by the action of hydrolytic enzymes present in the
yeast.8? In our experiments, however, the mass balances
did not support the possibility that one enantiomer of
the product was consumed in an enantioselective
degradation process. An alternative explanation of the

Table 1. Reduction of methyl a-oxo(2-furyl)acetate (0.1 g) in
a system consisting of dry baker’s yeast (3 g}, water (5 mi)
and an organic solvent (30 ml; Hx=hexane, Bz=benzene)
with vigorous mechanical shaking. (RT =reaction time; c=
conversion; ee =enantiomeric excess).

Hx Bz
pH RT(h) C(%) ee?(%) RT(h) C (%) ee* (%)
ab 26 98 77 26 8 —
ac 29 93 92 26 17 8
7.1* 26 100 75 26 1 —
7.1¢ 29 98 93 26 16 6
6.2° 29 94 89 29 2 —
49° 29 86 87 29 8 —
39° 29 <1 —f 29 0 —

aUnbuffered water phase. ®The substrate was dissolved in
absolute ethanol (0.6 ml). °The substrate was dissolved in
1-propanol (0.6 ml). 9The ee was determined by GLC on
capillary columns with derivatised cyclodextrin phases. ¢See
Fig. 1. for ee vs. time graphs. fAt low conversions (< 15%)
the product ee:s were not determined owing to experimental
difficulties.
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Fig. 1. Enantiomeric excess vs. reaction time of methyl (R)-
a-hydroxy(2-furyl)acetate (2) produced from the small scale
reaction of methyl a-oxo(2-furyl)acetate (1) dissolved in
1-propanol using DBY in a pH 7.1 aqueous buffer solution
suspended in hexane (see Table 1).

observed increase in the ee of 2 with time is that this
compound is subject to a redox equilibrium and that two
enzymes with opposite enantiomeric preferences are
unevenly destroyed (or produced) during the course of
the yeast reduction. Experiments with labelled 2 are in
progress.

This work demonstrates that excellent results can be
obtained in whole cell biotransformations by medium
engineering.

Experimental

(—)-Methyl (R)-a-hydroxy(2-furyl)acetate (2). DBY
(62 g) and hexane (625 ml) were mixed with an aqueous
phosphate buffer solution (100 ml, pH 7.1, 30 mM), and
the substrate 1 (2 g) in 1-propanol (12 ml) was added.
The mixture was stirred vigorously with an efficient
mechanical stirrer for 90 h. The hexane was separated
from the yeast-water mixture and the latter was extracted
several times with ethyl acetate. The combined organic
phases were dried and concentrated to give an oil, which,
after chromatography on silica gel, furnished 0.94 g
of (—)-methyl (R)-o-hydroxy(2-furyl)acetate (2, 47%,
95% ee) as an oil, which crystallised on standing.
Recrystallisation from pentane gave colourless needles
of >99% ee (by GC on permethylated cyclodextrin
liquid phase), m.p. 46.5-47°C, [oJ3! —135 (¢ 1, CHCI;)
{1it.%® [o]32 —128.5 (¢ 1, CHCl,)}. Although the yield of
2 was fairly constant, about 50%, shorter reaction times
on the same scale gave lower ee:s: 28 h, 51%, 77% ee;
48 h, 44%, 90% ee. Less efficient stirring had the same
effect: shaking for 48 h, 44%, 69% ce.
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