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BUOKATAJIUTUYECKOE BOCCTAHOBJIEHME 1-(4-METUWJI®EHUJ)DTAHOHA
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R- u S-1-(4-Memungenu)Imanonvt A6AAI0OMCA KOMROHEHMAMU IPUPHBIX MaAces HEKO-
mMOpbIX PACMEHUTL CeMelicmea UMOUPHBIX, UCROIBb3YIOMCA 011 RPOU3BO0CHEA 0YX08, OMOYULEK
07151 MbllA U CUHMEMUYECKUX MOIOWUX CPeOCme. Imu coeOuneHus 0oaaoaom anmudbaxkmepu-
anbHOU akmuenocmoio 6 omuowienuu Pseudomonas aeruginosa. Hamu usyueno é6uogeoccmamnos-
nenue 1-(4-memungpenun)ymanona, kamanuzupyemoe xkiemxamu P. crispum, oonadarowumu
KapOoOHUIpeOyKma3sHoii aKkmueHocmyio. IHanmuocenekmugnoe eoccmanoenenue 1-(4-wemun-
¢thenun)amanona, npomexarouiee ¢ npucymcmeuu kiemok P. crispum 6 600noii cpede npu mem-
nepamype 23-27 °C ¢ meuenue 48 u, npusooum x oopazosanuio (S)-(-)-1-(4-memungpenun)sma-
Hona c eévixo0om 49% (96% ee). danvueitman mpancghopmayus ucxoo0Ho20 KenoHa 6 meueHue
144 4, Kkak u 6 cayuae ucnonvzoeanus kamanuzamopa D. carota, npueooum K He3nauumenbHoMy
noegvluienuio 6vixooa cnupma 00 51%, oonako npu 3mom onmuuecKkan YUCmMoma nPOOyKma cHu-
scaemcesn 00 80% ee. Hecenedosano maxsice ouosoccmanosnenue 1-(4-wemungpenun)smanona, ka-
manusupyemoe knemkamu P.crispum, ¢ npucymcmeuu 3k302eHHbIX 60ccmanosumeneii (Imanona,
U30NPONAHONIA ULU 2/1I0KO3bl), KOMOpPble CYU{eCIEEHHO GIUAIOM HA 8bIX00 NPOOYKMA U IHAH-
MUOCENeKMUBHOCHb npoyecca. Ycmanosieno, umo mpancopmauus 1-(4-wemungpenun)smanona 6
npucymcmeuu ymanona (1-5%) unu usonponanona (1-5%) ¢ meuenue 144 u npueooum x oopaso-
eanuio (S)-(-)-1-(4-memungpenun)ymanona ¢ y0o61emeopumeibHoIMU bIX00AMU U ORMUUECKOU
yucmomou. Boccmanosnenue 1-(4-memungpenun)ymanona ¢ npucymcmeuu u3onponamona
(1-3%) na 72 u peaxyuu npusodum K crudxcenuro évixooa (S)-(-)-1-(4-memungpenun)ymanona,
npU IMOM 603pacmaem KOHYeHMPAuus ucxooHozo kemona. buompancgopmayus 1-(4-memun-
enun)amanona ¢ meuenue 144 u ¢ npucymcmeuu IKGUMOIAPHO20 KOJIUUECHEA 2TIIOKO3bl NPU-
600um K ysenuuenuio 6vixooa (S)-(—)-1-(4-memungpenun)smanona 0o 52% (96% ee).

KuroueBble cioBa: Ouotpancdopmaliys, SHAHTHOCEICKTHBHOE BOCCTaHOBICHHUE, |-(4-meTuide-
HIJI)3TaHOoH, (S)-(—)-1-(4-meTundenun)aranon
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R- and S-1-(4-Methylphenyl)ethanols serve as a component of the essential oil from some
plants in the ginger family and are used as flavoring agents in the production of perfumes, soap
fragrances, and synthetic detergents. These compounds exhibit antibacterial activity against Pseu-
domonas aeruginosa. In this article we studied biotransformation of 1-(4-methylphenyl)ethanone
catalyzed by P. crispum cells. It was found that enantioselective reduction of 1-(4-
methylphenyl)ethanone catalyzed by P. crispum cells in an aqueous medium at 23-27 °C for 48 h
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results in formation of (S)-(-)-1-(4-methyl)ethanol with 49% yield (96% ee). Further transfor-
mation of initial ketone for 144 h as in the case of similar reduction catalyzed by D. carota cells
leads to a slight increase in the yield of alcohol to 51%. However, the optical purity decreases to
80% ee. The bioreduction of 1-(4-methylphenyl)ethanone catalyzed by P.crispum cells was also
studied in the presence of exogenous reducing agents (ethanol, isopropanol, or glucose), which are
known to significantly affect the yield of the product and the enantioselectivity of the process.
Transformation of 1-(4-methylphenyl)ethanone in the presence of ethanol (1-5%) or isopropanol
(1-5%) for 144 h leads to (S)-(-)-1-(4-methylphenyl)ethanol with poor yields and optical purity. The
reduction of 1-(4-methylphenyl)ethanone in the presence of isopropanol (1-3%) for 72 h leads to a
decrease in the yield of (S)-(-)-1-(4-methylphenyl)ethanol, while the concentration of the initial
ketone increases. Biotransformation of 1-(4-methylphenyl)ethanone for 144 h in the presence of
an equimolar amount of glucose leads to an increase in the yield of (S)-(-)-1-(4-methylphenyl)eth-

anol to 52% (96% ee).
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methylphenyl)ethanol
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INTRODUCTION

Enantioselective reduction of prochiral ke-
tones, catalyzed by environmentally friendly cellular
biocatalysts, is an efficient, convenient method for the
preparation of optically active alcohols [1-10].

R- and S-1-(4-Methylphenyl)ethanols serve as
a component of the essential oil from some plants in
the ginger family and are used as flavoring agents in
the production of perfumes, soap fragrances, and syn-
thetic detergents. These compounds exhibit antibacte-
rial activity against Pseudomonas aeruginosa.

EXPERIMENTAL

1-(4- Methylphenyl)ethanone was purchased
from commercial sources.

Racemic alcohols were prepared from the cor-
responding ketone by reduction with NaBH..

Gas chromatographic analyses were per-
formed on Khromatek-crystall-5000.2 with flame-ion-
ization detector using the enantioselective column As-
tec CHIRALDEXB-PM (30mx0.25mmx0.12um).
Column temperature was 110 °C; oven temperature
was 200 °C, detector temperature was 230 °C; helium
was a carrier gas.

'H and *C NMR spectra were measured on
Bruker AM-300 and AMX-300 spectrometeres. As in-
ternal & (0.00) for standards served TMS *H NMR and
CDCI3 & (77.0) for *C NMR spectroscopy.

GC-MS analyses were performed using GCMS-
QP2010S Shimadzu. A mass spectrometer with an ion
trap detector in full scan mode under electron impact
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ionization (70 eV) in the 35-500 amu range was used.
The chromatographic column used for the analysis was
an HP-1MS capillary column (30 mx0.25 mmx0.25 pum).
The vaporizer temperature was 280 °C, the ionization
chamber temperature was 200 °C. Helium was used as
carrier gas at a flow rate of 1.1 mL/min. The injections
were performed in mode at 100 -230 °C at a heating
rate of 20 °C/min.

The absolute configurations of the compounds
were determined with Optical Activity Polarimeter
model AA-55.

Reduction of 1-(4- methylphenyl)ethanone

1-(4-Methylphenyl)ethanone (0.1 g) was added
to a suspension of P. crispum cells (15 g) in distilled
water (70 ml) under constant stirring in a conical Er-
lenmayer flask. The reaction mixture was then placed
in an orbital shaker (150 rpm) at room temperature. Af-
ter achieving the necessary conversions, the suspen-
sion was filtered, and P. crispum cells were washed
three times with water. The filtrates were extracted
with diethyl ether (3 % 125 mL). The organic phase was
dried over MgSO., evaporated and monitored by GLC.

(S)-(-)-1-(4-Methylphenyl)ethanol

'H NMR (300 MHz, CDCls, ppm): =1.47 d
(3H, CH3), 2.34 5 (3H, CH3-Ca), 4.85 g (1H, CH-OH),
7.13-7.35 m (4H, CHAI). *C NMR (75 MHz, CDCls,
ppm): & = 21.05 (CHs-Car), 25.03 (CHs), 70.15 (CH-
OH), 125.33 (2CHar), 129.1 (2CHar), 137.04 (Ca),
142.89 (Car). GC/MS (m/z (%)): 136 ([M*], 42.6), 121
(100), 93 (86), 92 (20.9), 91(69.4), 77 (41.9), 65 (22.9),
51 (11.6), 43 (57.7), 39 (17.1).
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RESULTS AND DISCUSSION

We previously reported the enantioselective
biotransformation of 1-(4-methylphenyl)ethanone cat-
alyzed by D. carota cells leading to (S)-(-)-1-(4-
methylphenyl)ethanol with 98% yield (76% ee) and bi-
oreduction of 1-(4-methylphenyl)ethanone in the pres-
ence of this biocatalyst and glucose as an exogenous
reducing agent resulting in formation of (S)-(-)-1-(4-
methylphenyl)ethanol with 76% yield (96% ee) [13].

In this study, we examined the bioreduction of
1-(4-methylphenyl)ethanone catalyzed by P. crispum
cells, which is known to exhibit a rather high reductase
activity.

1-(4-Methylphenyl)ethanone was enantioselec-
tively reduced by P. crispum cells in water at 23-27 °C
for 48 h to produce (S)-(-)-1-(4-methylphenyl)ethanol
with 49% vyield (96% ee). Further transformation of in-
itial ketone for 144 h as in the case of similar reduction
catalyzed by D. carota cells leads to a slight increase in
the yield of alcohol to 51%, however, the optical purity
decreases to 80% ee, which can be explained by the S-
alcohol stereoinversion.

o OH

. /@)‘\ HXC/O/k

1-(4-methylphenyl)ethanone

P. crispum
_—

We have also studied the bioreduction of 1-(4-
methylphenyl)ethanone catalyzed by P.crispum cells
in the presence of exogenous reducing agents (ethanol,
isopropanol, or glucose), which are known to signifi-
cantly affect the yield of the product and the enantiose-
lectivity of the process [14-23].

The transformation of 1-(4-methylphenyl)eth-
anone in the presence of ethanol (1-5%) or isopropanol
(1-5%) for 144 h gives (S)-(-)-1-(4-methylphenyl)eth-
anol with poor yields and optical purity (Table 1, 2).

The bioreduction of 1-(4-methylphenyl)etha-
none in the presence of isopropanol (1-3%) for 72 h
leads to a decrease in the yield of (S)-(-)-1-(4-
methylphenyl)ethanol, while the concentration of the
initial ketone increases (Table 2). It apparently can be
explained by the fact that ketone reduction and alcohol
oxidation can be catalyzed by the same enzyme, mainly
by NAD(P)H-dependent alcohol dehydrogenase.

The increase in ethanol and isopropanol con-
centration (5-30%) in the reaction mixture results in
formation of the target (S)-(-)-1-(4-methylphenyl)eth-
anol with low yield and optical purity, that can be prob-
ably caused by inhibition of P.crispum cell dehydro-
genase.
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Biotransformation of 1-(4-methylphenyl)etha-
none for 144 h in the presence of an equimolar amount
of glucose leads to an increase in the yield and optical
purity of (S)-(-)-1-(4-methylphenyl)ethanol to 52%
(96% ee).

Table 1
Dependence of the yield and optical purity (ee) of (S)-(-)-1-
(4-methylphenyl)ethanol on the duration of bioreduc-
tion of 1-(4-methylphenyl)ethanone catalyzed by P.cris-
pum cells and ethanol concentration
Tabnuuya 1. 3aBUCUMOCTD BbIX0/1a M ONTHYECKOH YH-
ctoThlI (S)-(-)-1-(4-MeTHiIPeHNT)ITAHOIA OT NPOIAOJIKH-
TeJLHOCTH OMoBOCCTaHOBIeHNU: 1-(4-MeTHadeHu)ITa-
HOHA KjeTKamu P.CriSpum B npucyTCTBHH 3TaHOJIA

Ethanol Time, h
concentration, 24 | 48 | 12 | 144
% Yield, % / ee, %
0 45/96(S) | 49/96(S) | 50/94(S) [51/80(S)
1 27/97(S) | 29/97(S) | 36/96(S) 36/78(S)
2 17/97(S) | 20/96(S) | 22/94(S) |32/56(S)
3 11/97(S) | 13/95(S) | 14/89(S) [23/44(S)
4 12/97(S) | 14/96(S) | 15/94(S) [25/56(S)
5 7/96(S) | 8/90(S) | 9/86(S) [14/61(S)

(S)-(-)-1-(4-methylphenyl)ethanol

Note: T =23-27 °C, solvent - water, substrate concentration 1.4 g/,
biocatalyst P. crispum

[pumeuanne: T=23-27 °C, pacTBOpUTENs — BOJA, KOHIICHTPA-
ust cyberpara 1,4 1/, karamusarop P. Crispum

Table 2

Dependence of the yield and optical purity (ee) of (S)-(-)-1-
(4-methylphenyl)ethanol on the duration of bioreduc-

tion of 1-(4-methylphenyl)ethanone catalyzed by P.cris-

pum cells and isopropanol concentration

Tabauya 2. 3aBHCUMOCTD BbIX0a  ONTHYECKOH YH-

ctotsi (S)-(-)-1-(4-MeTnndeHnIT)ITAHOJIA OT MPOIOJIKH-
TeJILHOCTH OMoBoOccTaHOBIeHMs 1-(4-MeTHIeHnT)ITA-

HOHA KjeTkamu P.crispum B npucyTCTBUM H30IIPONIAHOJIA

Isopropanol Time, h
concentra-
tion, % 24 48 72 144
Yield, % / ee,%

0 45/96(S) | 49/96(S) | 50/94(S) | 51/80(S)
1 32/96(S) | 46/98(S) | 36/94(S) | 30/61(S)
2 23/97(S) | 44/97(S) | 39/94(S) | 47/54(S)
3 17/97(S) | 19/97(S) | 17/94(S) | 22/54(S)
4 10/98(S) | 12/97(S) | 13/96(S) | 18/52(S)
5 10/96(S) | 11/97(S) | 13/97(S) | 16/76(S)

Note: T =23-27 °C, solvent - water, substrate concentration 1.4 g/l
biocatalyst P. crispum

[Mpumeuanue: T=23-27 °C, pacTBOopUTEIbh — BOJIa, KOHLIEHTPA-
ust cyberpara 1,4 1/, karamusarop P. Crispum
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Table 3
Dependence of the yield and optical purity (ee) of (S)-(-)-
1-(4-methylphenyl)ethanol on the duration of bioreduc-
tion of 1-(4-methylphenyl)ethanone catalyzed by P.cris-
pum cells in the presence of glucose
Tabnuya 3. 3aBUCUMOCTH BHIX0/1a M ONITUYECKOH YH-
c1oThI (S)-(-)-1-(4-MeTHI(eHNT)ITAHOIA OT MPOIOJIKM-
TeJbHOCTH GUOBOCcTaHOBJIeHU A 1-(4-MeTHADeHNT)ITA-
HOHA KJIeTKamMu P.CriSpum B NpUCYTCTBHH TJIIOKO3bI
Time. h 24 | 48 | 72 | 144
' Yield, % / ee,%

Without glucose |45/96(S)|49/96(S)|50/94(S)|51/80(S)
In the presence glu-

e 32/97(S) |50/97(S) | 51/96(S) | 52/96(S)

Note: T =23-27 °C, solvent - water, substrate concentration 1.4 g/l
biocatalyst P. crispum

* equimolar ratio of ketone and glucose

IIpumeuanne: T=23-27 °C, pacTBOpHTENs — BOJA, KOHLIECHTPA-
s cyoerpara 1,4 r/n, karammsarop P. Crispum

* SKBUMOJIAPHOE KOJIUYCCTBO KETOHA U TIIFOKO3bI

The conversion and optical purity (ee) of prod-
uct were determined by enantioselective GC and polar-
imetry analysis.

The structure of (S)-(-)-1-(4-methylphenyl)etha-
nol was confirmed by *H and C** NMR spectroscopy,
chromato-mass spectrometry.

CONCLUSIONS

In this study, we examined the bioreduction of
1-(4-methylphenyl)ethanone into (S)-(-)-1-(4-methylp-
henyl)ethanol catalyzed by P. crispum cells.

We have found that 1-(4-methylphenyl)etha-
none was enantioselectively reduced by P. crispum
cells in water at 23-27 °C for 48 h to produce (S)-(-)-
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1-(4-methylphenyl)ethanol with 49% yield (96% ee).
Further transformation of initial ketone for 144 h as in
the case of similar reduction catalyzed by D. carota
cells leads to a slight increase in the yield of alcohol to
51%, however, the optical purity decreases to 80%
ee, which can be explained by the S-alcohol stere-
oinversion.

The transformation of 1-(4-methylphenyl)eth-
anone in the presence of ethanol (1-5%) or isopropanol
(1-5%) for 144 h gives (S)-(-)-1-(4-methylphenyl)eth-
anol with satisfactory yields and optical purity. The bi-
oreduction of 1-(4-methylphenyl)ethanone in the pres-
ence of isopropanol (1-3%) for 72 h leads to a decrease
in the yield of (S)-(-)-1-(4-methylphenyl)ethanol,
while the concentration of the initial ketone increases.

Biotransformation of 1-(4-methylphenyl)etha-
none for 144 h in the presence of an equimolar amount of
glucose leads to an increase in the yield and optical purity
of (S)-(-)-1-(4-methylphenyl)ethanol to 52% (96% ee).

Comparison of results obtained for enantiose-
lective reduction of 1-(4-methylphenyl)ethanone in the
presence of P. crispum cells and glucose (52%, 96%
ee) with the results of transformation catalyzed by D.
carota cells in the presence of glucose (76%, 96% ee),
shows that D. carota enzymes make it possible to ob-
tain (S)-(-)-1-(4-methyl)ethanol with a higher yield.
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