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Letter

Stereoselective reduction of keto esters with marine micro algae
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Abstract

It was found that �- and �-keto esters were converted to the corresponding hydroxy esters by marine micro algae. Ethyl
2-methyl-3-oxobutanoate was reduced by Nannochloropsis sp. to the anti-hydroxy ester with excellent diastereo- (syn/anti =
1:99) and high enantioselectivity (anti >99%, syn 98%). The stereocontrolled reduction of ethyl 3-methyl-2-oxobutanoate was
accomplished by Nannochloropsis sp. or Chaetoceros gracilis in the presence of l-lactic acid as an additive. © 2001 Elsevier
Science B.V. All rights reserved.
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The asymmetric reduction of carbonyl compounds
by microorganisms is one of the methods widely
used to obtain optically active alcohols [1–4]. This
kind of biotransformation has been investigated with
the specific use of bakers’ yeast and fungi to effect
stereoselective reduction of wide range of ketones
such as �- and �-keto esters [3–9]. To date, several
studies concerning the reduction of keto esters with
other microorganisms (except yeast and fungi) have
been reported [4,10,11]. However, little information
is known about the reduction of carbonyl compounds
using such microorganisms as biocatalysts. Until now,
we reported that aerobic thermophilic bacteria such
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as Bacillus stearothermophilus, Pseudonocardia ther-
mophila, and Streptomyces thermocyaneoviolaceus
had high reducing abilities toward several keto esters
and produced the corresponding chiral hydroxy es-
ters [12–14]. Furthermore, we found that Chlorella
strains, one of the micro green algae, catalyzed the
stereoselective reduction of �- and �-keto esters [15].
In this paper, we would like to report that marine mi-
cro algae such as Chaetoceros and Nannochloropsis
are available as a tool for stereoselective reduction in
organic asymmetric synthesis (Fig. 1).

Ethyl pyruvate (1a) and ethyl 2-methyl-3-oxobu-
tanoate (3) were purchased from Wako Pure Chemical
Industries, Ltd., Japan. Ethyl 3-methyl-2-oxobutanoate
(1f) was purchased from Aldrich, USA. Ethyl
benzoylformate (1g) was obtained from Tokyo
Kasei Kogyo, Japan. Ethyl 2-oxobutanoate (1b),
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Fig. 1. Reduction of �- and �-keto esters by marine micro algae.

ethyl 2-oxopentanoate (1c), ethyl 2-oxohexanoate
(1d), ethyl 2-oxoheptanoate (1e), and �-hydroxy
esters (2a–g) were prepared according to the
literature procedure [16]. Chaetoceros gracilis
(EPFES-YU-1), Chaetoceros sp. (EPFES-YU-2),
Nannochloropsis sp. (EPFES-YU-3), and Pavlova
lutheri (EPFES-YU-4) were type cultures from Ehime
Prefectural Fisheries Experimental Station, Uwaz-
ima, Ehime, Japan. The marine algae were pho-
toautotrophically cultivated in a synthetic seawater
(1 l) for 2 weeks at 20◦C with constant aeration by
air (2 l/min) in baffled 1 l flasks with illumination
by white fluorescent light (1000 lx, one side). The
synthetic seawater is comprised of 20.747 g NaCl,
0.8 �g MnCl2·4H2O, 9.474 g MgCl2·6H2O, 1.326 g
CaCl2·6H2O, 3.505 g Na2SO4, 597 mg KCl, 171 mg
NaHCO3, 85 mg KBr, 34 mg Na2B4O7·10H2O, 12 mg
SrCl2, 3 mg NaF, 1 mg LiCl, 0.07 mg KI, 0.2 �g
CoCl2·6H2O, 8 �g AlCl3·6H2O, 5 �g FeCl3·6H2O,
0.2 �g Na2WO4·2H2O, 0.02 mg (NH4)6Mo7O24, and
1.07 ml of NM solution per 1 l of distilled water. The
NM solution is one of the vitamin solutions: NaNO3
(150 g), Na2HO4 (10 g), EDTA-2Na (0.9 g), Vitamin
B12 (1.5 mg), thiamine·HCl (75 mg), biotin (1 mg),
EDTA-Fe (2.5 g), and H2NC(CH3OH)3 (5 g) were
dissolved in 1 l of distilled water. Chaetoceros and
Pavlova were grown in the synthetic seawater contain-
ing 0.0045% sodium silicate (Na2SiO3). The wet cells
were collected by centrifugation at 8000×g for 15 min
(about 3 g of wet cells was obtained from 500 ml of
the each cultures). The seawater-washed cells were
resuspended in a large test tube (φ 30 mm × 200 mm)
containing 20 ml of the seawater; then the substrate
(0.15 mmol, 7.5 mM) was added and incubated at
20◦C with aerobic shaking under illumination by
white fluorescent light (1000 lx, one side). A por-
tion of the reaction mixtures was filtered using an

Extrelut® short column, extracted with diethyl ether,
and then concentrated under reduced pressure. The
conversion of products (2a–g, 4) was determined
using a GLC equipped with a capillary DB-WAX col-
umn (0.25 mm×30 m, 110–150◦C). The enantiomeric
excesses (e.e.) of the products were measured using a
GLC equipped with a chiral stationary phase capillary
CP-Chirasil-DEX CB (0.25 mm × 25 m, 80–150◦C)
column (2a–e, 2g, and 4) and a Chiraldex G-TA
(0.25 mm × 40 m, 90◦C) column (2f). The absolute
configuration of the hydroxy esters 2a–f, 4-syn, and
4-anti were determined by comparing their retention
time with those of authentic samples [16].

Four selected marine algae were tested for reducing
abilities toward �- and �-keto esters. The results of the
reduction of �-keto esters (1a–g) and a �-keto ester
(3) are summarized in Tables 1 and 2, respectively.

It was found that seven �-keto esters were converted
to the corresponding �-hydroxy esters by the four ma-
rine algae. All marine algae reduced ethyl benzoyl-
formate (1g) to the corresponding alcohol (2g) with a
high conversion ratio; however, the enantioselectivity
of the product 2g showed a low enantiomeric excess
(e.e.). The reduction of ethyl 2-oxoheptanoate (1e) by
C. gracilis gave the corresponding alcohol 2e in high
e.e. Ethyl 3-methyl-2-oxobutanoate (1f) was reduced
by Nannochloropsis sp. to (R)-2f in high e.e. (98%)
with high conversion ratio (99%, GC yield: 78%).

The reduction of ethyl-2-methyl-3-oxobutanoate
(3) by the micro algae gave the corresponding
anti-hydroxy ester (anti-4) in low conversion ratios
(25–68%). In particular, the substrate was reduced
by Nannochloropsis sp. to the anti-hydroxy ester
with excellent diastereo- (syn/anti = 1:99) and high
enantioselectivity (>99%), when compared with the
selectivity of 4 reduced by Saccharomyces cerevisiae
[17], Chlorella [15], and Glycine max [18], which
produced syn-hydroxy ester predominantly.

Furthermore, effects of additives on the conversion
ratio and the stereochemistry of the product (2f) were
investigated as shown in Table 3.

The reduction of 1f by C. gracilis in the presence
of glucose gave the corresponding �-hydroxy ester
2f in a high conversion ratio (>99%); however, the
enantioselectivity of the product was low (51%, R).
In the algal reduction, the addition of dl-lactatic acid
decreased the conversion ratio, while the enantioselec-
tivity of the product increased. The enantioselectivity
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Table 1
The reduction of �-keto esters by marine micro algaea

Products Chaetoceros gracilis Chaetoceros sp. Nannochloropsis sp. Pavlova lutheri

Conversion
(%)b

e.e. (%)c R/Sc Conversion
(%)b

e.e. (%)c R/Sc Conversion
(%)b

e.e. (%)c R/Sc Conversion
(%)b

e.e. (%)c R/Sc

2a 99 50 S 99 9 R 99 16 S 48 48 S
2b 78 10 S 44 8 S 99 3 R 36 13 S
2c 64 15 S 51 27 S 99 52 S 28 25 R
2d 82 80 S 72 82 S 70 25 S 59 7 S
2e 42 89 S 40 56 S 71 3 R 18 8 R
2f 66 18 S 66 8 S 99 98 R 53 50 S
2g 99 23 S 99 17 R 99 21 R 99 4 R

a The synthetic seawater (20 ml) and �-keto ester (1a–g) (7.5 mM) were added to the wet cells (0.3 g) and the reaction mixtures were
incubated at 20◦C for 24 h under light (1000 lx).

b The conversion was measured by GLC with a capillary column DB-WAX (0.25 mm × 30 m).
c The e.e. (%) and configuration were determined by GLC with an optically active capillary column CP-Chirasil-DEX CB (0.25 mm ×

25 m).

Table 2
The reduction of �-keto esters by marine micro algaea

Marine algae Conversion (%)b syn/antib e.e. (%)c

syn-(2R, 3S) anti-(2S, 3S)

Chaetoceros gracilis 25 30/70 98 >99
Chaetoceros sp. 41 18/82 97 >99
Nannochloropsis sp. 68 1/99 98 >99
Pavlova lutheri 40 21/79 96 >99

a Synthetic seawater (20 ml) and �-keto ester (3) (7.5 mM) were added to the wet cells (0.3 g) and the reaction mixtures were incubated
at 20◦C for 48 h under light (1000 lx).

b The conversion and syn/anti ratio were measured by GLC with a capillary column.
c The e.e. and configuration were determined by GLC with an optically active capillary column.

Table 3
Effects of additives on the reduction of 1fa

Additives Chaetoceros gracilis Nannochloropsis sp.

Conversion (%)b e.e. (%)c Conversion (%)b e.e. (%)c

No additive 66 18 (S) 99 98 (R)
Glucose >99 51 (R) 84 10 (R)
dl-Lactic acid 46 99 (R) 64 39 (R)
Lithium d-lactate 0 – 0 –
l-Lactic acid 89 99 (R) 60 49 (R)

a Synthetic seawater (20 ml) �-keto ester (1f) (7.5 mM), and 1.5 mmol of additive (75 mM) were added to the wet cells (0.5 g) and the
reaction mixtures were incubated at 30◦C for 24 h under light (1000 lx).

b The conversion was measured by GLC with a capillary column.
c The e.e. and configuration were determined by GLC with an optically active capillary column.



104 K. Ishihara et al. / Journal of Molecular Catalysis B: Enzymatic 15 (2001) 101–104

of the product which was reduced under the acidic
conditions (pH 3 and 5) was not changed (data not
shown). In the presence of d-lactate ion, the substrate
was not reduced. These results suggest that d-lactate
ion is an inhibitor for both (R)- and (S)-�-hydroxy es-
ter producing enzyme(s), while l-lactate ion inhibits
only the activity of the (S)-enzyme(s). The stereocon-
trolled reduction of ethyl 3-methyl-2-oxobutanoate
using C. gracilis was accomplished by the introduc-
tion of l-lactic acid as an additive. Thus, marine
microalga was a useful tool for the stereoselective
reduction of keto esters.

To gain insight into the mechanistic interpretation
of the marine algal reduction, further detailed studies
including purification of the oxidoreductases, which
contribute to the reduction of �- and �-keto esters, are
currently under investigation.
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