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Introduction

Optically active alcohols are potentially useful chiral
building blocks. Thus, the asymmetric reduction of
prochiral ketones using biocatalysts has been exten-
sively explored and is now one of the outstanding syn-
thetic methods to prepare enantiopure secondary al-
cohols.[1-6]

The core objective of this work was first to investi-
gate the asymmetric reduction of the prochiral ke-
tone 1 by whole-cell biocatalysts and second to estab-
lish a simple and rapid procedure for the gram-scale
preparation of the two corresponding alcohols S-2
and R-2 using different microbial strains (Scheme 1).
The substrate is a hindered ketone, the carbonyl
group is indeed surrounded by two bulky aromatic
substituents, a phenyl group and a 2-phenylthiazol-5-
yl moiety. Among the wide range of ketones success-

fully reduced by biocatalytic methods and leading to
chiral secondary alcohols, only few examples of bio-
reduction of diaromatic ketones have been reported.
[7-14]

Taking into account that the 2-phenylthiazol-5-yl
moiety is bulkier than the phenyl moiety, the reduc-
tion of the prochiral ketone 1, with Prelog specifi-
city[15] implying a `̀ re-face attack,'' will provide the
corresponding S-alcohol; in contrast, anti-Prelog spe-
cificity with an `̀ si-face attack'' will lead to the corres-
ponding R-alcohol (Scheme 1). Previous bioreduction
studies have shown that microorganisms with a Pre-
log specificity are prevalent, while those with an
anti-Prelog specificity are to some extent less com-
mon.[2]

Results and Discussion

If we first examine the results of the microbial screen-
ing, summarized in Table 1, in terms of reduction
yields, among the 38 microorganism strains evaluated,
9 of them catalyzed the reduction of the ketone 1 to the
corresponding alcohol 2 with a yield higher than 50%.
Within the strains showing a high reduction yield
(> 50%), only yeast strains achieve high enantioselec-
tivity (ee >80%). Three yeast strains, Rhodotorula mu-
cilaginosa, Rhodotorula rubra ATCC 4056, and Sac-
charomyces montanus CBS 6772 reduced the ketone 1
to the S-alcohol with enantiomeric excesses of 81 ±
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Abstract: We have investigated the preparation of
(R)- and (S)-1-phenyl-1-(2-phenylthiazol-5-yl)-
methanol by asymmetric bioreduction of the corres-
ponding bulky ketone 1-phenyl-1-(2-phenylthiazol-
5-yl)-methanone with whole microbial cells. A short
screening of 38 microbial strains allowed the selec-
tion of two suitable yeast strains fulfilling enantio-
complementarity. Gram-scale preparations of the
S- and R-alcohols were achieved with high yield and

high optical purity using, respectively, Saccharo-
myces montanus CBS 6772 (yield 79%, ee 96%) and
Rhodotorula glutinis var. dairenensis MUCL 30607
(yield 96%, ee 91%). The two enantiomeric alcohols
prepared are novel compounds described here for
the first time.

Keywords: biocatalysis; bioreduction; enantioselec-
tivity; fermentation; yeast strains

Scheme 1. Stereoselective reduction of the ketone 1.



98%. One yeast strain, Rhodotorula glutinis var. daire-
nensis MUCL 30607 exhibited an enantiocomplemen-
tarity behavior producing the R-alcohol with an enan-
tiomeric excess of 85%. Baker's yeast (Saccharomyces
cerevisiae), commonly reported as the prime reduction
biocatalyst, is here inefficient in the reduction of the
ketone 1, the steric bulkiness around the carbonyl
might be the reason for this lack of reactivity, as men-
tioned in other cases.[16]

In terms of stereoselectivity, if we consider enantio-
meric excesses higher than 80%, five strains [Rhodo-
torula mucilaginosa (81%), Rhodotorula rubra
ATCC 4056 (80%), Rhodosporidium toruloides
MUCL 30328 (94%), Saccharomyces montanus CBS
6772 (98%), Streptomyces griseolus ATCC 3325
(98%)] follow `̀ Prelog's rule'' leading to the S-alcohol

and only one strain [Rhodotorula glutinis var. daire-
nensis MUCL 30607 (85%)] shows an anti-Prelog spe-
cificity leading to the R-alcohol. These results are co-
herent with `̀ Prelog's rule'', this simple model states
that the majority of dehydrogenases deliver the hy-
dride ion to the re-face of a pro-chiral ketone.[2]

The best strains selected for further preparative
synthesis of the S- and the R-alcohols are respectively
Saccharomyces montanus CBS 6772 (yield 92%, ee
98%), and Rhodotorula glutinis var. dairenensis
MUCL 30607 (yield 90%, ee 85%). In order to im-
prove the bioreduction yield and the stereoselectivity
of these two yeasts, we have investigated the effect of
the substrate 1 concentration on the bioreduction
performance. The results of this study appear in Ta-
bles 2 and 3 and in Figure 1.
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Table 1. Results of the microbial screening.

Entry Strain Time
(days)

Reduction yield (%) Enantiomeric excess (%)
(Absolute configuration)

1 Absidia cylindrospora LCP 57-1569[a] 11 0 -
2 Acremonium alternatum MMP 3010[a] 11 <5 nd
3 Aspergillus alliaceus NRRL 315[a] 14 0 -
4 Beauveria bassiana ATTC 7159[a] 14 <5 nd
5 Cunninghamella echinulata NRRL 3655[a] 10 0 -
6 Cunninghamella echinulata var. elegans ATCC 9245[a] 14 0 -
7 Curvularia lunata NRRL 2380[a] 14 <5 nd
8 Fusarium roseum ATCC 14717[a] 14 0 -
9 Geotrichum candidum LCP 98-4202[a] 14 <5 nd

10 Mortierella isabellina LCP 52-108[a] 7 55[d] 2 (R)
11 Mucor plumbeus CBS 110-16[a] 10 <5 nd
12 Rhizopus arrhizus ATCC 11145[a] 7 39[d] 58 (S)
13 Rhizopus stolonifer ATCC 6227b[a] 7 70[d] 7 (S)
14 Mucor janssenii NRRL 3628[a] 7 68[d] 7 (R)
15 Pseudomonas fluorescens CIP 6913[b] 14 0 -
16 Rhodococcus erythropolis ATCC 4277[b] 14 0 -
17 Streptomyces olivaceus NRRL 1125[b] 14 0 -
18 Streptomyces aureofaciens ATCC 10762[b] 14 0 -
19 Pseudomonas putida ATCC 29607[b] 14 0 -
20 Streptomyces griseolus ATCC 3325[b] 14 <5 98 (S)
21 Streptomyces griseus NRRL 13150[b] 14 0 -
22 Streptomyces rimosus NRRL 2234[b] 14 <5 nd
23 Streptomyces vinaceus ATCC 11861[b] 14 0 -
24 Rhodococcus rhodochrous DSM 43198[b] 14 <5 nd
25 Candida parapsilosis CBS 6318[c] 7 <5 nd
26 Candida tropicalis NRRL Y2001[c] 7 <5 nd
27 Kloeckera magna NRRL Y1091[c] 2 <5 nd
28 Pichia anomala NRRL Y40[c] 7 17 43 (S)
29 Rhodotorula glutinis NRRL Y1091[c] 2 77 52 (R)
30 Saccharomyces cerevisiae[c] 7 <5 nd
31 Rhodosporidium toruloides MUCL 30328[c] 2 48 94 (S)
32 Rhodotorula buffonii MUCL 29812[c] 2 3 60 (S)
33 Rhodotorula minuta MUCL 30637[c] 2 3 12 (S)
34 Rhodotorula mucilaginosa L[c] 2 80 81 (S)
35 Rhodotorula rubra ATCC 4056[c] 1 76 80 (S)
36 Saccharomyces montanus CBS 6772[c] 2 92 98 (S)
37 Rhodotorula glutinis var. dairenensis MUCL 30607[c] 2 90 85 (R)
38 Rhodotorula pilimanae MUCL 27811[c] 2 62 18 (R)

[a] Filamentous fungi cultivation medium composition (g/L): corn steep liquor (10.0), MgSO4´7 H2O (0.5), NaNO3 (2.0),
FeSO4´7 H2O (0.02), KCl (0.5), glucose (3.0), K2HPO4 (0.2), and K2HPO4 (0.1).

[b] Bacteria cultivation medium composition (g/L): yeast extract (5.0), soy bean peptone (5.0), NaCl (5.0), K2HPO4 (5.0), and
glucose (20.0), adjusted to pH 7 with 1 N HCl.

[c] Yeasts cultivation medium composition (g/L): yeast extract (5.0), soy bean peptone (5.0), malt extract (10.0), and glucose
(20.0).

[d] In these cases, the substrate is solubilized in 3 mL of a 20% Tween 80Ò/acetone solution.
nd: yield was too low to determine ee.



The stereoselectivity of the oxido-reductase system
of Saccharomyces montanus CBS 6772, leading to the
S enantiomer, is mostly unaffected by the variation of
the substrate concentration (0.3 to 5.0 g/L). The en-
antiomeric excesses obtained are all ranged between
98% and 96% (Table 2.).

In contrast, the stereoselectivity of Rhodotorula
glutinis var. dairenensis MUCL 30607, leading to the
R enantiomer, is markedly dependent on the sub-
strate concentration. The enantiomeric excess de-
creases dramatically from 91% to 29% for substrate
concentration values from 0.1 to 0.5 g/L (Table 3.).
This might be due to the presence in Rhodotorula glu-
tinis var. dairenensis MUCL 30607 of different dehy-

drogenases,[17] possessing opposite stereochemical
specificities and different affinities, which compete
for the reduction of the substrate 1. As a consequence,
a lower concentration (0.1 g/L) of ketone 1 was cho-
sen for the preparation of the R-alcohol (yield 96%,
ee 91%) without any supplementary addition of glu-
cose. It would be interesting, for further synthesis of
this R-alcohol, in order to obtain a higher final con-
centration of R-2 to use an optimized semi-batch pro-
cedure maintaining the substrate 1 concentration be-
low the critical value of 0.1 g/L.

The results summarized in Figure 1 and Table 2
show that the final concentration of the produced S-
alcohol S-2 was three-fold increased for ketone 1 con-
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Table 2. Reduction by Saccharomyces montanus CBS 6772: effect of the ketone 1 concentration and of glucose addition on the
synthesis of the S alcohol, S-2.

Table 3. Reduction by Rhodotorula glutinis var. dairenensis MUCL 30607: effect of the ketone 1 concentration on the syn-
thesis of the R alcohol, R-2.



centrations of 0.3 g/L and 1.5 g/L with respective va-
lues of 0.28 g/L (entry 1) and 0.97 g/L (entry 5). For
ketone 1 concentrations higher than 1.5 g/L, the final
concentration of S-2 remained unchanged, there was
indeed no significant difference for ketone 1 concen-
trations of 1.5 g/L (0.97 g/L, entry 5) and 2.0 g/L
(0.99 g/L, entry 6) leading to an average final concen-
tration of the S-alcohol of 0.98 g/L.

Considering the influence of the addition of glucose
(Table 2, entries 3, 4, 5, and 6), for ketone 1 concen-
trations of 0.8 g/L, 1.0 g/L, and 1.5 g/L, it is clear that
the addition of glucose enhances the final concentra-
tion of S-2 by about 25%. On the contrary, for ketone 1
concentrations higher than 1.5 g/L, a supplementary
addition of glucose had no effect. And the final con-
centration of S-2 remained stable with an average va-
lue of 1.1 g/L (entries 5, 6, 7, and 8). Analysis of these
data suggested that the maximum capacity of reduc-
tion, under these studied conditions, was limited to a
ketone 1 concentration of 1.5 g/L. The best result
chosen for the gram-scale preparation of the S-alco-
hol was obtained when employing 1.5 g/L as the initi-
al concentration of ketone 1 with the addition of glu-
cose as a reducing agent (entry 5: yield 79%, ee 96%,
[S-2] 1.2 g/L).

Conclusion

In summary, the asymmetric bioreduction of the
bulky diaromatic ketone 1 has been successfully car-
ried out with fermenting yeasts. This simple and en-
vironmentally-friendly method allowed the gram-
scale preparation of the S- and the R-alcohols 2 with
high yields and optical purities, using respectively
Saccharomyces montanus CBS 6772 (yield 79%, ee
96%) and Rhodotorula glutinis var. dairenensis
MUCL 30607 (yield 96%, ee 91%). These results de-
monstrate that enantiocomplementarity can be
achieved even with a very hindered substrate. The
two enantiomeric alcohols prepared are novel com-
pounds described here for the first time. These exam-
ples are one more proof that the biocatalytic ap-
proach is a valuable method for the synthesis of
optically active alcohols.

Experimental Section

General Experimental Details

Melting points were measured on a micro-melting point
Electrothermal 9300 apparatus. 1H NMR and 13C NMR spec-
tra were recorded on a Bruker Advance 250 NMR spectro-

Adv. Synth. Catal. 2001, 343, 738±743 741

FULL PAPER

Figure 1. Reduction by Saccharomyces montanus CBS 6772: effect of the ketone 1 concentration and of glucose addition on
the synthesis of the S alcohol, S-2.



meter, chemical shifts are reported in parts per million
(ppm, d) with CD2Cl2 as solvent and TMS as an internal stan-
dard. Optical rotations were measured on a Perkin-Elmer
Polarimeter 341. Enantiomeric excesses were determined
by HPLC analysis using a chiral column (Chiralcel OD-H
4.6 ´ 125 mm, 5 lm) with eluent n-heptane-ethanol, 70:30,
flow rate of 0.5 mL/min, detection performed at 310 nm.
The absolute configuration was determined by X-ray crys-
tallography analysis of the O-b-d-glucopyranosyl derivative
of the (+)-alcohol obtained by incubation with another fun-
gal strain (Roy and Le Texier, results to be published). Crys-
tallographic data have been deposited with Cambridge Crys-
tallographic Data Centre under the number CCDC 163320.
IR spectra were recorded on a Nicolet-Impact 410 spectro-
photometer. Mass spectra were obtained on either a VG Plat-
form-Fisons or a Micromass QuattroLC spectrometer.

Synthesis of 1-Phenyl-1-(2-phenylthiazol-5-yl)-
methanone (1)

N-Thiobenzoyl-N,N-dimethylformamide (40.0 g, 208 mmoles,
1.0 equiv.) was dissolved in 320 mL of dichloromethane, fol-
lowed by the addition of a-bromoacetophenone (41.4 g,
208 mmoles, 1.0 equiv.). This mixture was stirred for 23 hours
at room temperature. After cooling at 5 °C, triethylamine
(72 mL, 520 mmoles, 2.5 equiv) was slowly added. The result-
ing mixture was stirred for 2 additional hours and filtered.
Methanol was added to the filtrate and this solution was con-
centrated under reduced pressure until precipitation oc-
curred. After filtration, the collected precipitate was washed
several times with methanol affording, after drying, 1-phen-
yl-1-(2-phenylthiazol-5-yl)-methanone (1) as a white powder;
yield: 35.2 g (64%). CAS number: [52421-61-1]; mp 124 °C; MS
(APcI+): m/z = 266 (M + H)+; 1H NMR (CD2Cl2, 250 MHz): d =
8.28 (s, 1H), 8.06 (m, 2H), 7.91 (m, 2H), 7.57 (m, 6H); 13C NMR
(CD2Cl2, 62.9 MHz): d = 187.53 (C=O), 174.57, 150.2, 139.3,
138.1, 133.3, 133.2, 131.8, 129.6 (2C), 129.4 (2C), 129.1 (2C),
127.4 (2C); IR (KBr): m = 1627 cm±1 (C=O).

Typical Procedure for the Microbial Screening

Strains were maintained on nutrient agar slants at 4 °C. Er-
lenmeyer flasks (500 mL for Streptomyces sp. and 250 mL for
other strains) containing 100 mL of the appropriate steri-
lized cultivation medium (see Table 1) were inoculated with
a glycerol suspension of the tested microorganism and incu-
bated in an orbital shaker (270 rpm) at 27 °C. After 48 h of
growth (yeast, bacteria) or 72 h (fungi), the substrate (final
concentration 0.3 g/L) was added to this broth in 3 mL of a
10% (or 20%, see Table 1) Tween 80Ò/acetone solution.
The biotransformation was conducted at 270 rpm in an orbi-
tal shaker at 27 °C. The biotransformation was monitored by
HPLC with a daily sample collection (Macherey-Nagel col-
umn, Nucleosil C-18, 250 ´ 4.6 mm, 5 lm, elution gradient
of H2O:CH3CN:TFA [60:40:0.1 held for 10 min, 60:40:0.1 to
0:100:0.1 over 20 min, held for 10 min, then returned to
60:40:0.1 over 5 min] at a flow rate of 1 mL/min, detection
was performed at 280 and 310 nm; under these conditions
the ketone 1 and the alcohol 2 eluted after 22.0 min and
29.5 min, respectively). An aliquot of the broth was centri-
fuged (4000 rpm, 10 min). The supernatant and a methano-
lic extract of the cells were daily analyzed. When the biore-

duction was completed (longer observation time fixed at
14 days), the incubation mixture was centrifuged
(4000 rpm, 10 min). The supernatant was extracted twice
with 100 mL of dichloromethane and the cells with 200 mL
of acetone. After centrifugation (4000 rpm, 10 min) of the
cell extract, the organic layers were pooled and dried over
anhydrous magnesium sulfate. This solution was filtered
and taken to dryness under vacuum. The residue was dis-
solved in 100 mL of methanol and this solution was analyzed
by HPLC to estimate the final concentration of the alcohol 2.
Finally, alcohol 2 was purified by TLC on silica gel (cyclo-
hexane:ethyl acetate = 7:3 as eluent). The enantiomeric ex-
cess of the alcohol 2 was then determined by chiral HPLC
analysis.

Synthesis of S-1-Phenyl-1-(2-phenylthiazol-5-yl)-
methanol (S-2)

The bioreduction by Saccharomyces montanus CBS 6772
was scaled-up to the gram scale, employing the previously
determined operating conditions. 3 Erlenmeyer flasks (2 L)
each containing 800 mL of sterilized cultivation medium
(see Table 1) were inoculated with a glycerol suspension of
Saccharomyces montanus CBS 6772 and incubated in an or-
bital shaker (270 rpm) at 27 °C. After 48 h of cell growth,
40 mL of a glucose solution (20 g/L) and the substrate 1
(1.2 g, 4.53 mmol, final concentration 1.5 g/L) in 35 mL of a
10% Tween 80Ò/acetone solution were added to each flask.
The biotransformation was conducted at 270 rpm in an orbi-
tal shaker at 27 °C. After 72 h of biotransformation, 40 mL of
a glucose solution (20 g/L) were once more added. The bio-
reduction was stopped after 7 days. The extraction proce-
dure previously described for the microbial screening was
used. The residue was subjected to column chromatography
on silica gel (cyclohexane:ethyl acetate = 7:3 as eluent) to af-
ford a white powder of S-1-phenyl-1-(2-phenylthiazol-5-yl)-
methanol (S-2); yield: 2.87 g (10.7 mmol; 79%); mp 115 °C;
[a]20

D : + 74 (c 1.5, CH2Cl2) for 98% ee (tr = 11 min, Chiralcel
OD-H); MS (APcI+): m/z = 268 (M ± H+); 1H NMR (250 MHz,
CD2Cl2): d = 7.89 (m, 2H), 7.59 (s, 1H), 7.40 (m, 8H), 6.11 (s,
1H), 2.80 (OH, 1H); 13C NMR (62.5 MHz, CD2Cl2): d = 168.8,
143.4, 143.1, 141.1, 134.0, 130.3, 129.2 (2C), 129.0 (2C),
128.6, 126.6(2C), 126.5 (2C), 70.8; IR (KBr): m = 3436 cm±1.

Synthesis of R-1-Phenyl-1-(2-phenyl-thiazol-5-yl)-
methanol (R-2)

The gram scale bioreduction of ketone 1 by Rhodotorula glu-
tinis var. dairenensis MUCL 30607 was performed in a bio-
reactor (30 L fermentor, B.Braun Biostat C). Erlenmeyer
flasks (250 mL) containing 100 mL of sterilized cultivation
medium (see Table 1) were inoculated with a glycerol sus-
pension of Rhodotorula glutinis var. dairenensis
MUCL 30607 and incubated in an orbital shaker (270 rpm)
at 27 °C. After 24 h of cell growth, 150 mL of the shake flask
culture were used to inoculate the bioreactor containing
15 L of sterilized yeast cultivation medium (see Table 1).
The bioreactor was operated at 27 °C with agitation at
250 rpm and air flow at 15 L/min. After 48 h of growth, the
substrate 1 (1.5 g, 5.66 mmol, final concentration 0.1 g/L) in
40 mL of a 10% Tween 80Ò/acetone solution was added. The
biotransformation was completed after 2 days, the product
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recovery and purification were similar to those described
above. The compound R-1-phenyl-1-(2-phenyl-thiazol-5-
yl)-methanol (R-2) was isolated as a white powder; yield:
1.45 g (5.43 mmol; 96%); mp 114 °C; [a]20

D : ±67 (c 1.5, CH2Cl2)
for 91% ee (tr = 15 min, Chiralcel OD-H); MS (APcI+): m/z =
268 (M ± H+); 1H NMR (250 MHz, CD2Cl2): d = 7.89 (m, 2H),
7.59 (s, 1H), 7.40 (m, 8H), 6.11 (s, 1H), 2.82 (OH, 1H);
13C NMR (62.5 MHz, CD2Cl2): d = 167.8, 142.4, 142.1, 140.0,
133.0, 129.4, 128.2 (2C), 128.0 (2C), 127.6, 125.6(2C), 125.5
(2C), 69.8 ; IR (KBr): m = 3429 cm±1.
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