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Abstract—The baker’s yeast (Saccharomyces cerevisiae) mediated asymmetric bioreduction of 2-ethylhex-2-enal (1) went smoothly
under a mild condition and afforded a high yield of (S)-2-ethylhexan-1-o0l (2a) with excellent enantioselectivity in biphasic system.

© 2005 Elsevier Ltd. All rights reserved.

2-Ethylhexan-1-ol as an important building block draws
a lot of attention in pharmaceutics, cosmetics, food, and
chemical industries.! However, (R)-2-ethylhexanoic acid,
the metabolite of (R)-ethylhexan-1-ol, has been proved to
be a potent teratogen, while the (S)-enantiomer shows no
teratogenic effects.? Therefore, (S)-2-ethylhexan-1-ol (2a)
is a safer enantiomer and more suitable for pharmaceu-
tics and food uses. Thus, the development of a new way
to produce optically pure 2a has received much attention.

To date, main approaches to optically pure (R)- or (S)-
2-ethylhexan-1-ol reported are the lipase mediated
kinetic resolution of racemic 2-ethylhexan-1-ol.'®3 We
noticed that some primary alcohols with a-chiral center
could also be prepared by biocatalytic reduction of o, -
unsaturated aldehydes.* It is well-known that baker’s
yeast (Saccharomyces cerevisiae) acts as an efficient
biocatalyst not only in the reduction of ketones, but also
in the reduction of C=C bonds activated by strongly
polarizing groups, such as nitro group,’® carbonyl
group,®® or hydroxyl group.>®

In this context, we describe a convenient way to synthe-
size (S)-2-ethylhexan-1-ol (2a) via the bioreduction of
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2-ethylhex-2-enal (1) mediated by commercially available
baker’s yeast (Angel instant dry yeast). Some interesting
phenomena have been observed in our experiments.

The bioreduction was carried out by mixing 60 mg
(0.46 mmol) of the substrate 1 and 2.0 g of dry baker’s
yeast in 25 mL of potassium phosphate buffer (0.1 M,
pH 8.0) at 30 °C. The substrate 1 was prepared by aldol
condensation of n-butyraldehyde according to the typi-
cal procedures. Product analysis clearly showed that
the reduction products were 2a° and 2b° as characterized
by "H NMR and GC (Scheme 1). Absolute configuration
of 2a was assigned to be (S)-isomer by comparing its
optical rotation with that of the known (S)-(+)-2a
([oc]]z)5 +2.57 (¢ 1, benzene)). The yields and ee value of
2a were determined by gas chromatography with chira-
sil-dex CB 25 m x 0.25 mm column (DIKMA) under
the GC conditions: the carrier gas N», the column tem-
perature 110 °C. The retention times for 2a (S-isomer),
its enantiomer (R-isomer) and 2b were 5.2, 5.1, and
5.7 min, respectively. All the results are listed in Table 1.

As shown in Table 1, the reduction of unsaturated alde-
hyde 1 proceeded quickly, and 1 disappeared completely

CHO Baker's yeast
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Table 1. Bioreduction of 1 in aqueous media at 30 °C

Table 3. Bioreduction of 1 in biphasic system at 30 °C for 24 h

Entry Time (h) Conv. (%) 2a2b ee  Abs. confgn.
of 2a
1 1 >99 46:54 89 S
2 2 >99 60:40 91 S
3 6 >99 72:28 93 S
4 10 >99 88:12 93 S
5 24 >99 88:12 93 S
Baker's yeast
2b 2a
Scheme 2.

Table 2. Bioreduction of 2b in aqueous media at 30 °C

Entry Time (h) Yield (%) ee

Abs. confgn. of 2a

1 0.5 14 48 S
2 1.0 24 73 N
3 1.5 35 80 N
4 2.0 43 83 N
5 6 86 88 S
6 10 92 88 N
7 24 93 88 N

within 1 h. Product 2a and the allylic alcohol 2b were
formed in a ratio of 46:54 (entry 1). It was found
that 2b could be further reduced to saturated alcohol
2a during the reaction, but the rate was compara-
tively slow. After 10 h, the yield of 2a reached 88% with
a high ee value of 93%. A slight increase of ee value
was also observed during the bioreduction of 2b
(Scheme 2).

The bioreduction of 2b was carried out according to the
same procedures described above. As shown in Table 2,
the reduction of 2b underwent smoothly, giving 2a in
24% vyield after 1 h. Apparently, the formation rate of
2a was much slower than that (46%) in the case of 1.
However, the reaction of 2b was almost completed after
10 h and gave 2a in 92% yield despite the lower rate.
This was an unexpected high yield in comparison with
the corresponding bioreductions reported hitherto. To
our knowledge, the conversion of the known bioreduc-
tion of other aliphatic unsaturated aldehydes or allylic
alcohols was rather low, even though the reaction was
proceeded for several days.*

Meanwhile, we found that the ee value of the product 2a
increased with the progress of the reduction, and the
final value (88%) was slightly lower than that observed
in the reduction of 1. As far as we know, the gradual
increase of ee value has not been reported during the
reduction of unsaturated aldehydes and allylic alcohols,
though similar phenomenon was reported in the reduc-
tion of ketone.” This phenomenon implies that the
reductases with opposite enantioselectivity could be
selectively inhibited by the product 2a.

Entry Water (%) Conv. (%) 2a:2b ee Abs. confgn. of 2a

1 10 68 77:23 >99 S
2 20 >99 88:12 >99 S
3 30 >99 87:13 >99 §
4 40 >99 87:13 98 S
5 50 >99 85:15 96 S
6 100 >99 88:12 92§
7t 30 >99 91:9 >99 §

%4.0 g of dry baker’s yeast used.

The reaction medium was studied next since it has a
marked effect on yeast reductions.® For this purpose,
water—petroleum ether biphasic system was used as the
reaction medium. As a consequence, a high yield of 2a
was obtained in perfect enantioselectivity up to 99%
(Table 3). We noticed that water content, substrate con-
centration and the weight of baker’s yeast had an effect
on the reduction rate and the ee value to some extent.
The ideal result was obtained when the ratio of water
and petroleum ether was 3:7. In fact, a marked increase
of the enantiomeric excess in the bioreduction of y-nitro-
ketones mediated by S. cerevisiae has been reported, when
a hexane-water biphasic system was used instead of pure
water.? Moreover, other factors were also studied, includ-
ing pH value in aqueous phase, additives as selective
reductase inhibitors and hydrogen donors, but no consid-
erable change in yield or ee value was observed.

In summary, we consider that the bioreduction of 2-
ethylhex-2-enal by baker’s yeast is an efficient way to
prepare (S)-2-ethylhexan-1-ol. The bioreduction in
biphasic medium resulted in high yield (91%) and excel-
lent optical purity (>99% ee). An unexpectedly high
reduction rate of allylic alcohol (2b) was observed in this
work. This result implied that the B-substituents could
have a marked effect on the reduction rate of allylic alco-
hols, and the details are on further investigation.
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