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(S)-()-1-(4-pmopghenun)smanon sensemcs npomescymouHbIM 36eHOM 6 CUHMEIE AHMA-
2onucma xemoxkurnoeozo peuyenmopa CCRS, npumensemozo ons mepanuu BHY-ungexyuu.
Hapsoy c o-¢pmopsamewennvimu ananozamu (S)-(-)-1-(4-¢pmopgpenun)smanon moxncem ooimo
UCNOJIb306aH O/1A U3YUEHUA POTU 3aMecmumeieil 8 XupaibHom PAcHO3HAGAHUU MOJIEK)IAPHBIX
Komnnekcos, a (R)-(+)-1-(4-gpmoppenun)amanon aenaemca KOMROHEHMOM RPOMUBOMAIAPULL-
HO20 npenapama u MoOyJIAMOPOM 2AMMA-CEKPemaszvl, HeOOX00UMOIL 011 NedeHUA (o1e3HU AbYy-
2eiimepa. Ilpeonoscen nooxoo k cunmesy (S)-(-)-1-(4-¢pmopenun)amanona, ocnosannslii na
IHAHMUOCEIEKMUBCHOM 80CCIAHOBIEHUU NPOXUpanbhozo 1-(4-gpmopenun)smanona, 6 npucym-
cmeuu knemox Daucus carota. Haitoenst ycnosus, nozeonsaiougue noayuwams (S)-(-)-1-(4-¢pmop-
¢enun)amanon nymem o6uosoccmanosnenus 1-(4-gpmopgpenun)smanona ¢ npucymcemeuu 6uoka-
manuzamopa D. carota ¢ meuenue 48 u c evixooom 55% (98% ee). Hccnedosana 603moxncnocms
onmumuszayuu mpancgopmayuu 1-(4-gpmopenun)ymanona ¢ peakyuonnoii cpeoe, cooepica-
el paziuyHble IK302eHHbIE 60CCMAHO8UmMeNU (IMAHON, UZONPONAHOJI WU 21H0K03Y), Komopble,
KaK u36eCMHO, Cyu{eCneeHHO GIUAIOM HA 8bIX00 NPOOYKMA U IHAHMUOCETEKMUBHOCMb NPO-
yecca. Ilpu ouompancgopmayuu 1-(4-¢pmopgenun)ymanona ¢ npucymcmeuu ymanona (1-5%) 6
Kauecmee IK302eHH020 6occmanosumens oopazyemcs (S)-(-)-1-(4-¢pmopghenun)smanon c paznuu-
Hvimu gvixooamu 7-85% u onmuueckou yucmomoit 10-98% ee. SnanmuocenekmugHnoe occma-
HO8IeHUe UCXOOHO020 KemoHa 6 npucymcmeuu uzonponanona (1-5%) ne npusooum k cyuwiecmeen-
HOMY y6enuuenuio es1xo0a u onmuueckoii wucmomst S-cnupma (7-57% (18-98% ee). Buomparc-
dopmauusn 1-(4-pmopghenun)smanona ¢ npucymcmeuu IKGUMOIAPHOZO0 KOJIUUECMEA 2TIIOKO3bL 6
meuenue 48 u oaem (S)-(-)-1-(4-pmopghenun)rsmanon ¢ evixooom 66% (98% ee). Janvneimasn
mpancopmayusa ucxoonozo kemona (144 u) kax ¢ omcymcemeuu IK3026HHO20 60CCIMAHOBUMEIA,
Max u 6 NPUCymcmeuu IKGUMOJIAPHOZ0 KOUUECEA 2NH0KO3bl, HPUBOOUM K HOBLIUEHUIO 6bIX00A
cnupma 00 73% u 76%, coomeemcmeenno, 00HAKO NPU IMOM ORMUUECKAA YUCIMOMA CRUpmMaA
cHudicaemcea 00 62% ee u 80% ee, umo ykazvieaem Ha npomeKanue cmepeouHeepcuu.

KiroueBble cjioBa: acumMMmeTpudecknii cunTes, 4-proparerodenon, (S)-(-)-1-(4-propdhennn)atanon,
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(S)-(-)-1-(4-Fluorophenyl)ethanol is an intermediate in the synthesis of an antagonist of
the CCR5 chemokine receptor that can be protective against HIV infection. Along with o-fluoro-
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substituted analogs, (S)-(-)-1-(4-fluorophenyl)ethanol can be used to study the role of substituents
in the chiral recognition of molecular complexes, and (R)-(+)-1-(4-fluorophenyl)ethanol is a com-
ponent of an antimalarial drug and a y-secretase modulator necessary for the treatment of Alzhei-
mer's disease. We proposed an approach to the synthesis of (S)-(-)-1-(4-fluorophenyl)ethanol based
on the enantioselective reduction of prochiral 1-(4-fluorophenyl)ethanone catalyzed by Daucus
carota cells. We found the conditions that make it possible to obtain (S)-(-)-1-(4-fluorophenyl)eth-
anol by bioreduction of 1-(4-fluorophenyl)ethanone in the presence of a D. carota biocatalyst for
48 h with 55% vyield (98% ee). We also studied the possibility of optimizing the transformation of 1-
(4-fluorophenyl)ethanone in a reaction medium containing various exogenous reducing agents
(ethanol, isopropanol, or glucose), which are known to significantly affect the product yield and
the enantioselectivity of the process. Biotransformation of 1-(4-fluorophenyl)ethanone in the pres-
ence of ethanol (1-5%) gives (S)-(-)-1-(4-fluorophenyl)ethanol with 7-85% yields and optical purity
10-98% ee. Enantioselective reduction of the initial ketone in the presence of isopropanol (1-5%)
does not lead to a significant increase in the yield and optical purity of S-alcohol (7-57% (18-98%
ee). In the case of biotransformation of 1-(4-fluorophenyl)ethanone in the presence of an equimo-
lar amount of glucose for 48 h the yield of (S)-(-)-1-(4-fluorophenyl)ethanol is 66% (98% ee). Fur-
ther transformation of the initial ketone (144 h) both in the absence of an exogenous reducing
agent and in the presence of an equimolar amount of glucose leads to an increase in the yield of
alcohol to 73% and 76%, respectively, however, the optical purity of the alcohol decreases to 62%

ee and 80% ee, which suggests the sterecinversion.

Key words: asymmetric synthesis, 4-fluoroacetophenone, (S)-(-)-1-(4-fluorophenyl)ethanol, enantiose-

lective biocatalysis

)1.]'[9[ HUTUPOBAHUSA:

Yausimesa A.P., Cybusposa A.JL., Ilpusamos H.B., 3opun B.B. DuantnocenexkrtusHbiii cuntes (S)-(-)-1-(4-dropde-
HUI)3TaHOJa. HM36. 6y308. Xumus u xum. mexronoeusi. 2022. T. 65. Bem. 8. C. 111-116. DOI: 10.6060/ivkkt.20226508.6637.

For citation:

Chanysheva A.R., Sufiyarova A.L., Privalov N.V., Zorin V.V. Enantioselective synthesis of (S)-(-)-1-(4-fluorophenyl)eth-
anol. ChemChemTech [lzv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol.]. 2022. V. 65. N 8. P. 111-116. DOI:

10.6060/ivkkt.20226508.6637.
INTRODUCTION

Stereoisomerically pure compounds are often
key components in the synthesis of highly effective bi-
ologically active substances, since their stereochemis-
try determines the level and direction of their biologi-
cal activity. Approaches based on stereocontrolled
metal complex catalysis [1-2] and biocatalysis are
widely used in modern organic synthesis.

(S)-(-)-1-(4-Fluorophenyl)ethanol is an inter-
mediate in the synthesis of an antagonist of the CCR5
chemokine receptor that can be protective against HIV
infection [3]. Along with o-fluoro-substituted analogs,
(S)-(-)-1-(4-fluorophenyl)ethanol can be used to study
the role of substituents in the chiral recognition of mo-
lecular complexes [4]. (R)-(+)-1-(4-Fluorophenyl)eth-
anol is a component of an antimalarial drug [5] and y-
secretase modulator necessary for the treatment of Alz-
heimer's disease [6].

EXPERIMENTAL

1-(4-Fluorophenyl)ethanone was purchased
from commercial sources.
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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. Enantioselective column Astec CHI-
RALDEXB-PM (30mx0.25mmx0.12um); column tem-
perature 110 °C; oven temperature 200 °C, detector
temperature 230 °C; helium as a carrier gas.

'H and *C NMR spectra were measured on
Bruker AM-300 and AMX-300 spectrometeres. As in-
ternal standards TMS & (0.00) for *H NMR and CDCls
5 (77.0) for 3C NMR spectroscopy served.

GC-MS analyses were performed using
GCMS-QP2010S Shimadzu. A mass spectrometer
with an ion trap detector in full scan mode under elec-
tron impact 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 pm). 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.
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The absolute configurations of the compounds
were determined with «Optical Activity Limited»
model AA-55.

Reduction of 1-(4-Fluorophenyl)ethanone by
D. carota

1-(4-Fluorophenyl)ethanone (0.1 g) was added
to a suspension of D. carota 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 D. carota cells were washed
three times with water. The filtrates were extracted
with diethyl ether (3 X 125 mL). The organic phase was
dried over MgSO., evaporated and monitored by GLC.

(S)-(-)-1-(4-Fluorophenyl)ethanol

'H NMR (300 MHz, CDCls, ppm): =1.47 d
(3H, CHa), 2.05 s (1H, CH-OH), 4.87 q (1H, CH-OH),
6.99-7.05 m (2H, CHa), 7.28-7.35 m (2H, CHa/). B*C
NMR (75 MHz, CDCls, ppm): 6=25.26 (CHs), 69.73
(CH-OH), 115.31 (2CHa/), 127.07 (2CHa/), 1415
(Car), 161.13 (CarF), 163.08 (Car-F). GC/MS (m/z
(%)): 140 ([M*], 21.5), 125 (100), 123 (10.8), 97
(79.2), 96 (19.9), 95 (21.1), 77 (29.9), 75 (15.3), 51
(10.7), 43 (38.9).

RESULTS AND DISCUSSION

We proposed an approach to the synthesis of
(S)-(-)-1-(4-fluorophenyl)ethanol based on the enantiose-
lective reduction of prochiral 1-(4-fluorophenyl)etha-
none catalyzed by Daucus carota cells.

(0]

o

1-(4-fluorophenyl)ethanone

OH

fon

(S)-(-)-1-(4-fluorophenyl)ethanol

1-(4-Fluorophenyl)ethanone was reduced en-
antioselectively by D. carota cells in water at 23-27 °C
for 48 h to produce (S)-(-)-1-(4-fluorophenyl)ethanol
with 55% vyield (98% ee). Further transformation (144 h)
led to an increase in the yield of alcohol up to 73%,
however, the optical purity decreased to 62% ee, which
is possibly due to the stereoinversion of the S-alcohol.

In order to develop more efficient method for
the production of (S)-(-)-1-(4-fluorophenyl)ethanol
based on the D. carota biocatalyst, which exhibit rather
high reductase activity [7], we studied the possibility
of transforming 1-(4-fluorophenyl)ethanone in a reac-
tion medium containing various exogenous reducing
agents (ethanol, isopropanol, or glucose), which are
known to significantly affect the yield of the product
and the enantioselectivity of the process [8-22].

D. carota
R
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Biotransformation of 1-(4-fluorophenyl)etha-
none in the presence of ethanol (1-5%) as an exoge-
nous reducing agent leads to formation of (S)-(-)-1-(4-
fluorophenyl)ethanol with 7-85% vyields and optical
purity 10-98% ee.

When transformation is carried out in presence
of ethanol (5%) for 144 h, (S)-(-)-1-(4-fluoro-
phenyl)ethanol is formed with a maximum vyield of
85%, but a low optical purity of 40% ee (Table 1).

Table 1
Dependence of the yield and enantiomeric excess (ee) of
(S)-(-)-1-(4-fluorophenyl)ethanol on the time
of bioreduction of 1-(4-fluorophenyl)ethanone
catalyzed by D. carota cells and ethanol concentration
Tabnuya 1. 3aBUCUMOCTH BbIX01a H ONITHYECKOM
4ucToThl (S)-(-)-1-(4-dpTopdennn)rtanona or
NpOAOJIZKUTECJIbHOCTH OMOBOCCTAHOBJICHHS
1-(4-¢pToppennn)rTanona kierkamu D. carota
1 KOHICHTPAIUH 3TAHOJIa

Time, h
% " 1Yield, %| Yield, %/ | Yield, % /| Yield, % /
/ ee, % ee,% ee,% ee,%
0% 40/98 (S)| 55/98 (S) | 65/94(S) | 73/62(S)
1% 20/98(S) | 32/(84 (S) | 40/94(S) | 50/94(S)
2% 10/97(S)| 14/76(S) | 28/52(S) | 54/30(S)
3% 7/92(S) | 8/90(S) | 21/10(S) | 24/16(S)
4% 9/97 (S) | 13/94 (S) | 21/80(S) | 29/76(S)
5% 7/97 (S) | 10/80 (S) | 52/48(S) | 85/40 (S)

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

Ipumedanune: T=23-27°C, pacTBOpUTENs — BOJA, KOHIIEHTPA-
us cyoerpara 1,4 r/1, karammzatop D. carota

Enantioselective reduction of the initial ketone
in the presence of isopropanol (1-5%) for 144 h does
not lead to a significant increase in both the yield (7-
57%) and the optical purity of S-alcohol (18-98% ee),
which vary in a wide range (table 2).

Biotransformation of 1-(4-fluorophenyl)etha-
none in the presence of an equimolar amount of glu-
cose for 48 h gives (S)-(-)-1-(4-fluorophenyl)ethanol
in 66% vyield (98% ee), and further reduction both in
presence and absence of an exogenous reducing agent
leads to an increase in the yield of the product, but a
decrease in its optical purity to 76% and 80% ee, re-
spectively (Table 3).

The conversion and enantiomeric excess (ee)
of product were determined by enantioselective GC
and polarimetry analysis.

The structure of (S)-(-)-1-(4-fluorophenyl)etha-
nol was confirmed by *H and C** NMR spectroscopy,
chromato-mass spectrometry.
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Table 2

Dependence of the yield and enantiomeric excess (ee) of
(S)-(-)-1-(4-fluorophenyl)ethanol on the time of

bioreduction of 1-(4-fluorophenyl)ethanone catalyzed
by D. carota cells and isopropanol concentration
Tabnuya 2. 3aBUCUMOCTH BBIX0/1a U ONITHYECKOMH
qucToThI (S)-(-)-1-(4-pTopdennn)ITanona or
MPOAOIZKUTECJIbHOCTH OMOBOCCTAHOBJICHHS
1-(4-propdennn)rTanona kinerkamu D. carota n
KOHUCHTPAUMHU M30MPONAHO0JIA

Isopropanol Time, h

concentra- - 24 - 48 - 72 .144
tion. % Yield, % /|Yield, % /| Yield, %/ |Yield, % /

' ee,% ee,% ee,% ee,%
0% 40/98 (S) |55/98 (S) | 65/94(S) | 73/62(S)
1% 30/98(S) | 38/97(S) | 41/97(S) | 45/94(S)
2% 23/97(S) | 25/97(S) | 27/98(S) | 30/96(S)
3% 22/97(S) | 27/97(S) | 30/97(S) | 39/62(S)
4% 18/97 (S) | 21/94 (S) | 24/94(S) | 25/94(S)
5% 7/97 (S) |13/90 (S)| 15/17(S) | 57/18(S)

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

TIpumeuanne: T=23-27°C, pacTBOpUTENs — BOJA, KOHIIEHTPA-
st cyberpara 1,4 r/n, karanuzarop D. Carota

CONCLUSIONS

In this work we proposed an approach to the
synthesis of (S)-(-)-1-(4-fluorophenyl)ethanol based
on the enantioselective reduction of prochiral 1-(4-
fluorophenyl)ethanone catalyzed by D. carota cells.

We found the conditions that allow us to obtain
(S)-(-)-1-(4-fluorophenyl)ethanol by bioreduction of
1-(4-fluorophenyl)ethanone in the presence of D.
carota biocatalyst for 48 h with 55% yield (98% ee).
Biotransformation of 1-(4-fluorophenyl)ethanone in
the presence of an equimolar amount of glucose for 48
h gives (S)-(-)-1-(4-fluorophenyl)ethanol in 66% yield
(98% ee).

Further transformation of the initial ketone
(144 h) both in the absence of an exogenous reducing
agent and in the presence of an equimolar amount of
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glucose leads to an increase in the yield of alcohol to
73% and 76%, respectively, however, the optical pu-
rity of the alcohol decreases to 62% ee and 80% ee,
which suggests stereoinversion.

Table 3
Dependence of the yield and enantiomeric excess (ee) of
(S)-(-)-1-(4-fluorophenyl)ethanol on the time of biore-
duction of 1-(4-fluorophenyl)ethanone catalyzed by D.
carota cells in the presence of glucose
Tabauya 3. 3aBUCUMOCTD BbIX0/1a M ONITHYECKOH YH-
crotbl (S)-(-)-1-(4-¢propdeHna)ITaHo/Ia OT MPOAOJKH-
TeJbHOCTH GHOBOccTaHOBIeHUs 1-(4-pTopdennn)ita-
HOHA KJeTkamu D. carota B NPUCYTCTBUM IVIIOKO3bI
Time, h

24
Yield, %/
ee,%
40 /98 (S)

48
Yield, % /
ee,%
55/98(S)

72
Yield, % /
ee,%
65/94 (S)

144
Yield, %/
ee,%
73162 (S)

With glucose
In the pres-
ence glu-
cose*
Note: T =23-27 °C, solvent - water, substrate concentration 1.4 g/l

biocatalyst D. carota

* equimolar ratio of ketone and glucose

[pumedanne: T=23-27°C, pacTBOpUTENs — BOJA, KOHIICHTPA-
nus cyoerpara 1,4 r/1, karamuzatop D. carota

* 3KBUMOJIIPHOE KOJIUYCCTBO KE€TOHA U TJIFOKO3BI

50 /98(S) | 66/98 (S) |67/98 (S)| 76/80(S)
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