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In the present work several microorganisms were screened in the reduction of methyl and ethyl acetoac-
etates. Good to excellent ees were obtained with up to quantitative substrate conversions. These micro-
organisms were also tested in the reduction of ethyl a-methylacetoacetate with good des and excellent
ees. It was noticed that Kluyveromyces marxianus and Trichoderma harzianum were found to lead to prod-
ucts of opposite configuration with the use of methyl or ethyl acetoacetates, which is a very unusual
finding.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Enantiomerically pure hydroxy esters are very versatile build-
ing blocks for enantioselective synthesis of fine chemicals, includ-
ing pharmaceuticals, flavours and fragrances.1–3 Chemical and
enzymatic asymmetric reduction of ketoesters have been the most
extensively investigated routes for producing these chiral building
blocks. Chemical approaches involve the use of chiral hydride re-
agents,4 chiral transition metal catalysts such as BINAP-Ru com-
plexes,5 Lewis acid mediated borohydride reductions6 and also
oxygenation of chiral imide enolates.7

In recent years biocatalytic reduction of prochiral ketoesters has
gained increasing importance in view of their application in asym-
metric synthesis.3,5,8 As now stated biocatalytic reductions are now
‘First Choice’.8c These reactions can be performed in two different
ways: either by using isolated, purified enzymes9 or by using
whole cells containing the enzymes of interest. There are some
advantages to using whole cells as biocatalysts rather than purified
enzymes.10 One of them is that enzymatic reductions require the
presence of expensive cofactors that, of course, can (and must)
be recycled, while whole cells are an economic source of cofactors
that can be easily regenerated during the reaction.11,12

3-Hydroxybutanoic acid and its esters are prominent members
of this category and have been used as synthetic building blocks
and intermediates for the syntheses of several classes of natural
products and many therapeutic agents. This has been exploited
ll rights reserved.
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extensively for the synthesis of compounds with diverse structural
features, for example, macrolides, pheromones and antibiotics,
among others.13 Ethyl 2-methyl-3-hydroxybutanoate (2Me-
3OHBu) is a useful starting material for the synthesis of various
biologically active substances and liquid crystal compounds.14

When ethyl 2-methyl 3-oxobutanoate (2Me-3OXOBu) is microbial-
ly reduced, four isomers of 2Me-3OHBu are expected. Since it is
difficult to separate these isomers, several attempts15 have been
made to explore the diastereo- and enantioselective reduction of
2Me-3OXOBu in hope of finding optimized conditions for the pre-
dominant formation of a certain isomer.16

Nakamura et al.15g tested plant cell cultures in the bio-reduc-
tion of ethyl 2-methylacetoacetate and observed that conversion,
enantio- and diastereoselectivity were dependent on the species
used. Different diastereoisomers were obtained with high conver-
sions: the enantiomeric excess of (2S,3S)-isomer was over 99%
for the reduction with Marchantia polymorpha, while the syn-iso-
mer (2R,3S) was obtained with Glycine max with 97% ee, 88% and
100% conversions, respectively. Although plant cell cultures pro-
vided good results, their maintenance and growth are in generally
more difficult and more expensive than microbial cultures.17

Over the past several years, we have been investigating the
reduction of various carbonyl compounds by enzymes recycling
the cofactors with excellent results including some cascade sys-
tems which we investigated in kinetic terms.9a–c More recently
we have been using microorganisms to obtain detailed knowledge
of their reducing abilities.3,8a,8b In the present work we wish to de-
scribe the bio-reduction of ethyl 2-methylacetoacetate using dif-
ferent yeasts and fungi.
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Figure 2. Microbial reduction of ethyl 2-methylacetoacetate.

Table 1
Microbial reduction of ethylacetoacetate

Microorganisms Conversion (%) ee (%) Configuration

Kluyveromyces marxianus 97 67 (R)
Hansenula sp. 92 85 (S)
Candida sp. 100 20 (S)
Saccharomyces cerevisiae 80 90 81 (S)
Saccharomyces cerevisiae 60 92 84 (S)
Saccharomyces cerevisiae 40 93 85 (S)
Rhodotorula rubra 99 73 (S)
Rhodotorula minuta 96 67 (S)
Pichia sp. 99 66 (S)
Aspergillus niger 85 51 (R)
Mucor ramannianus 100 39 (S)
Trichoderma harzianum 100 19 (R)

Table 2
Microbial reduction of methylacetoacetate

Microorganisms Conversion (%) ee (%) Configuration

Kluyveromyces marxianus 84 5 (S)
Hansenula sp. 79 88 (S)
Candida sp. 98 76 (S)
Saccharomyces cerevisiae 80 91 84 (S)
Saccharomyces cerevisiae 60 47 82 (S)
Saccharomyces cerevisiae 40 63 79 (S)
Rhodotorula rubra 87 37 (S)
Rhodotorula minuta 90 35 (S)
Pichia sp. 96 80 (S)
Aspergillus niger 90 45 (R)
Mucor ramannianus 100 64 (S)
Trichoderma harzianum 100 24 (S)
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2. Results and discussion

To carry out the present study we started using unsubstituted
b-ketoesters, ethylacetoacetate and methylacetoacetate (Fig. 1) as
model compounds to search for the best reaction conditions with
12 microorganisms. Then we moved to our substrate ethyl 2-
methylacetoacetate (Fig. 2).

Bio-reductions were carried out using free cells after growing.
Using ethyl acetoacetate as a substrate it was possible to verify
that all microorganisms showed excellent conversions, over 90%,
but the enantiomeric excesses were not so high. Kluyveromyces
marxianus, Aspergillus niger and Trichoderma harzianum furnished
the (R)-enantiomer, according to chiral GC data compared to a
standard sample, while the other microorganisms provided the
(S)-enantiomer, the one predicted by Prelog’s rule (Table 1).

Good results (70–90% conversion and 90–98% ee) were also ob-
tained in previous studies by other groups18 in the reduction of
ethyl acetoacetate to the corresponding (S)-hydroxy ester with ba-
ker’s yeast (Saccharomyces cerevisiae), the most used microorgan-
ism in bio-reductions. However, larger amounts of the biocatalyst
were frequently used.

Using methyl acetoacetate as a substrate it was possible to no-
tice some differences compared with the reaction using ethyl ace-
toacetate. First, in general, conversions were lower and it was
found that K. marxianus and T. harzianum lead to the product of
opposite configuration than the one with the ethyl ester (Table
2). So, with this substrate, only A. niger was able to furnish the anti
Prelog product, the (R)-enantiomer, based on the retention times of
(S)- and (R)-ethyl hydroxy butyrate in chiral GC using the same
column.

In the literature some examples exist in which chain length af-
fects the enantioselectivity of the reaction, probably due to
changes in the active site substrate–enzyme fitting and, conse-
quently, influencing on the enzyme selectivity. In the reduction
of 4-chloroacetoacetic esters by baker’s yeast, for example, the oc-
tyl ester was reduced predominantly to the (R)-hydroxy ester,
while ethyl ester was reduced predominantly to the (S)-isomer.19

Otherwise only the (S)-hydroxy ester was obtained when ethyl
and t-butyl acetoacetate were reduced in the presence of bryo-
phyte cell cultures.20 However, this subtly difference in chain
length was not supposed to result in different enantiomer produc-
tions and this result must be further investigated with other
substrates.

Having shown that the above microorganisms were able to car-
ry out the reduction of the unsubstituted substrate, they were
tested for the ability to reduce ethyl 2-methylacetoacetate (Table
3). Traditionally, S. cerevisiae catalyzes the reduction of ethyl 2-
methylacetoacetate to the predominant production of the corre-
sponding syn (2R,3S)-hydroxy ester.15c Baker’s yeast selectively
also reduces the racemic ester to syn-(2R,3S) although some anti-
(2S,3S)-isomer is obtained.15e This information was used by us to
propose the stereochemistry of the products. K. marxianus, Candida
sp., Hansenula sp., T. harzianum, M. ramannianus and A. niger led to
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Figure 1. Microbial reduction of b-ketoesters 1 and 2.
an excess of the anti-(2S,3S)-isomer, while the other microorgan-
isms provided the syn-(2R,3S)-hydroxy ester. The configuration of
products obtained in presence of T. harzianum, M. ramannianus
and A. niger was compatible with that observed by Iwamoto
et al.,16 who obtained predominantly the anti-(2S,3S)-isomer when
filamentous fungi were used as biocatalysts.

There have been a few reports on fungi and yeasts other than
baker’s yeast that provided anti ethyl (2S,3S)-2-methyl 3-hydroxy-
butanoate. Bingfeng et al.15d reported a 75/25 ratio of this isomer
using Geotrichum sp. Penicillium purpurogenum also lead to a high
excess of anti-(2S,3S)-hydroxy ester, that is, 97/3.16 In our study,
the maximum anti-syn ratio with the above configurations was
7.6/1 obtained with A. niger. Candida sp. also lead to a good excess
of anti-(2S,3S)-hydroxy ester (7.2/1) as shown.

Of course the results described in the present work in terms of
ees and des are not so good compared to those previously pub-
lished by us in a-substituted-b-keto derivatives. However, we pre-
viously investigated the reduction of a system (lactone)21 which
has an inherent rigidity. In the present work it was demonstrated
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Figure 3. Typical chromatograms showing the selectivities achieved.

Table 3
Microbial reduction of ethyl 2-methylacetoacetate

Microorganisms Conversion ee (2R,3S) (syn) ee (2S,3S) (anti) (2R,3S) (syn)/(2S,3S) (anti) ratio dea

Kluyveromyces marxianus 99 14 100 1/4.9 66
Candida sp. 93 59 100 1/7.2 76
Hansenula sp. 40 78 100 1/1.5 20
Pichia sp. 73 78 100 1.7/1 27
Saccharomyces cerevisiae 60 10 83 100 2.8/1 47
Saccharomyces cerevisiae 40 24 73 100 2.2/1 37
Saccharomyces cerevisiae 80 15 80 100 2.1/1 68
Rhodotorula minuta 89 79 100 4/1 61
Rhodotorula rubra 93 79 100 3.9/1 60
Trichoderma harzianum 100 76 100 1/1.6 24
Mucor ramannianus 100 77 100 1/1.8 29
Aspergillus níger 87 50 100 1/7.6 77

a Comparison between the 2 syn isomers and the 2 anti isomers. de = syn � anti/syn + anti.
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that good results can be obtained even with flexible substrates, so
confirming Scilimati et al. previous findings.22

Examples of chromatograms obtained are shown in Figure 3.

3. Conclusions

Twelve different microorganisms were used in the reduction of
ethyl 2-methylacetoacetate. Diastereoisomer ratios were good and
100% anti enantioselectivity was achieved. In addition, with the
model compounds, ethyl and methyl acetoacetates very high ees
were obtained and an unexpected stereochemical reversion was
noticed changing the ester from methyl to ethyl using K. marxianus
and T. harzianum.
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