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Continuous process for large-scale preparation of chiral alcohols
with baker’s yeast immobilized on chrysotile fibers
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Abstract

Bioreductions of prochiral ketones in a continuous process were carried out in a Packed-bed-reactor with baker's yeast
(Saccharomyces cerevisiae) immobilized on chrysotile fibers (IMBY). The performance of the reactor was observed for 30
days, under a constant dilution rate of 1.7 X 10~ h™! using ethylbenzoylformate as substrate. The steady state showed
29%x1072 gl 1 h™! of productivity, 50% chemical yield, and 90% ee (enantiometric excess). Using ethylacetoacetate at
the same dilution rate for 8 days, the steady state showed 65% chemical yield and 95% ee. No significant change on the
IMBY integrity was observed. The results show that chrysotile is an excellent carrier for immobilization of baker’'s yeast
(BY) cells to be used in the continuous process of bioreduction © 1998 Elsevier Science B.V. All rights reserved.

Keywords: Ketoester reduction; Microbial uses of Saccharomyces cerevisiae; Continuous process

1. Introduction

Stereosel ective reduction of prochiral ketones
is a useful method to afford chira centers. This
method can be overcome by isolated dehydroge-
nases with high ee (enantiometric excess) [1].
These enzymes are NAD(P)H dependent, and
these expensive coenzymes have to be regener-
ated continuously. Alternatively, a whole cell
system can be used to avoid coenzyme addition
or regeneration system. Bioreductions of prochi-
ral ketones mediated by baker's yeast (BY) are
now recognized as a useful method to afford
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chiral centers [2—4]. However, this method has
not been considered to be suitable for large-scale
production of chiral acohols, due to the low
concentration of reagents and tedious isolation
of products, since these reactions are generally
performed in batch process. Some recent works
on continuous cell culture system try to over-
come these disadvantages [5,6]. Another way is
to use immobilized BY for enantioselective re-
ductions of ketones [7—12]. The immobilization
of BY on solid support is known to increase cell
stability and metabolism [13], and makes a con-
tinuous process operation for a long period of
time possible. In this communication, we de-
scribe a continuous process of bioreduction of
carbonyl compounds using BY immobilized by
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Scheme 1.

adsorption on chrysotile fibers (IMBY).
Chrysotile, which is a very inexpensive mineral,
has been aready used by us as a support for cell
immobilization in synthetic applications [14,15].

2. Materials and methods
2.1. Materials

The microorganism Saccharomyces cere-
visiae from commercial BY was purchased from
Fleshmann. The medium used was made of
substrate ethylbenzoylformate or ethylacetoac-
etate 0.33 g/I from Aldrich, sucrose 10%, urea
(2g/1), MgsO, - 7TH,0 (0.5 g/1), KCI (20 g/D)
and ethanol (20 ml /1). Ethanol is added in order
to facilitate the substrate solubilization. The pH
was adjusted to 5.0, with phosphoric acid addi-
tion (about 0.2 ml of concentrated acid). The
chrysotile used as cell support was obtained
from SAMA Mineragdo de Amianto washed
with flowing water and activated by sonication
at a controlled pH, as described elsewhere [16].

2.2. Immobilization

The BY (100 g) was dispersed in water (8 |)
and activated chrysotile (100 g) was added un-
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der gentle stirring. After 30 min, the IMBY was
filtered.

2.3. Bioreactor and bed preparation

The continuous bioreductions were carried
out in a jacketed glass column as a Packed-bed
type reactor with a total volume of 1 |, equipped
with an external system of thermostated water
to keep an optimum fermentation temperature.
The bed was prepared by gently mixing the
cell /support complex with commercial sand (
=2 mm), in order to obtain a structure inside
the reactor suitable for the flow of solution and
CO, gas, as described elsewhere [17]. Caution:
wet chrysotile is used to avoid unhealthy condi-
tions.

2.4. Purification and enantiomeric excess deter-
mination

Ethyl (R)-(—)-mandelate (5) was extracted
with ethyl acetate from the reaction mixture,
purified by column chromatography and the
yield was evauated, taking into account the
initial amount of reagent. The ee was deter-
mined by GC analysis using a chiral column
[stationary phase: heptakis-(2,6-methyl-pentyl)-
B-cyclodextrine].

(R)-(-)5 ee=90%

Scheme 2.
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Table 1
Chemical yield and enantiomeric excess of 5 as a function of
concentration of 3 at dilution rate of 1.7x 107! h=?

Table 2
Chemical yield and enantiomeric excess of 5 as a function of
dilution rate of 3 at a concentration of 0.33 g/I

Substrate conc. (g/1) Chemical yield (%) ee (%)

Dilutionrate (1072 h~1)  Chemica yidd (%)  ee (%)

0.33 50.0 90.0
0.50 49.1 90.0
0.66 46.6 90.3
1.00 44.8 90.0

2.8 50.0 90.0
45 45.4 89.6
75 385 89.9
9.4 36.9 90.1

Ethyl (S)-(+)-3-hydroxybutyrate (6) was ex-
tracted with ethyl acetate from the reaction mix-
ture and was purified by digtillation in Kugel-
rohr system and the ee evaluated by optical
rotation was compared with the literature data
[18].

3. Results and discussion

The reactor was fed continuously with an
ascendant flow of a sterilized solution of ketone
and cell nutrients, with the help of a peristatic
pump. A mixture of water /ethanol (0.3 to 0.5%
of ethanol) was used as solvent. The tempera-
ture was kept at 30°C by circulating ther-
mostated water.

The compounds 1, 2, 3, and 4 (Scheme 1)
were submitted to bioreduction in the continu-
OUS Process.

The compound 1 ( a-chloroacetophenone) has
an electrophilic activated center and is already
documented to show a fast reduction (less than
4 h) by BY [15]. However, after two days of
operation, the reactor shows complete deactiva
tion. The chlorine derivatives are in generd
toxic to cells and the enzymes responsible for
the reduction (dehydrogenases NADH depen-
dent) [19] are not able to regenerate the cofactor
through cell glycolysis metabolism and the re-
duction process is stopped. The compound 2
(3,4-methylenedioxyacetophenone) was not re-
duced, probably due to the deactivated elec-
trophilic center. Finally, the compounds 3 and 4
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Fig. 1. Operationa stability related to chemical yield (4) and enantiomeric excess (O), observed during a period of 30 days for the

continuous bioreduction of 3.
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succeeded on bioreduction. The bioreduction of
3 gave 5 ([a]®= —124°, and ee=90%), as
shown in Scheme 2.

First of all, some variations on the concentra-
tion of substrate 3 and dilution rate were tested
to find the optimum reactor conditions. The
results in Tables 1 and 2 show a maximum of
50% chemica yield and 90% ee. The perfor-
mance of the reactor was observed for 30 days
under a constant dilution rate of 1.7 X 10°* h™?
and 0.33 g/I of substrate concentration. The
steady state showed 29x10°2 gL~ h™! of
productivity, 50% chemica vyield, [«a]® =
—124° and ee of 90%. Fig. 1 shows the opera
tional stability related to chemica yield and ee
for this period of time.

The same reactor and biocatalyst used for
bioreduction of 3 was pumped with a solution
of nutrients for one day and after that it was
used for bioreduction of 4 to afford compound 6
(Scheme 3).

The reactor was fed with a solution of 4 (0.66
g/l) and cell nutrients, at a dilution rate of
1.7 x 10! h™! and temperature of 30°C for a
period of 8 days. The results can be seen in
Table 3.

In the steady state, 65% chemical yield and
95% ee were reached. The reactor did not show
any appreciable change in the bed appearance as
well as in the IMBY (cell /support /inert struc-

Table 3

tural material) integrity after this period of oper-
ation.

4, Conclusion

The reactor packed with baker’s yeast immo-
bilized on chrysotile was shown to be suitable
for use in continuous processes of bioreduction
of ethylbenzoylformate (30 days) and ethylace-
toacetate (8 days). After these two successive
transformations, the biocatalyst was still active
for further reactions.

5. Nomenclature

BY baker’s yeast

IMBY immobilized baker’s yeast

ee enantiomeric excess

[a]® optical rotation

NAD(PH reduced nicotinamide adenine

dinucleotide and reduced
nicotinamide adenine dinucleo-
tide phosphate
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