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High-yielding metalloenzymatic dynamic kinetic resolution
of fluorinated aryl alcohols
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Abstract—Dynamic kinetic resolution (DKR) of various fluorinated aryl alcohols by a combination of lipase-catalyzed enzymatic
resolution with in situ ruthenium-catalyzed alcohol racemization is described. (R)-Selective Candida antarctica lipase B (CALB) was
employed for transesterification of different fluoroaryl alcohols in DKR reactions delivering the corresponding acetates in high yield
(P97%) with excellent enantiomeric excess (P98%).
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

The asymmetric synthesis of chiral fluoroorganic com-
pounds plays an important role in the development of
medicines, agrochemicals and materials due to the influ-
ence of fluorine’s unique properties.1 There are many
ways to fluorinate organic compounds and it is well
known that the introduction of fluorine atom(s) into
organic molecules greatly enhances or dramatically
changes their biological activities.1d Chiral fluorinated
alcohols are versatile intermediates for the synthesis of
pharmaceuticals,2 agrochemicals, and ferroelectric and
antiferroelectric liquid crystals.3 Besides conventional
methodologies,4 catalytic transformations5 and organo-
catalysis,6 which use very special and/or expensive
chemicals, the use of biocatalysts (for instance lipases)
for highly chemo-, regio- and stereoselective transforma-
tions in preparative organic chemistry has become
increasingly important in recent years.7 Enantiomeri-
cally enriched fluorinated aryl alcohols and their esters
can be prepared by enzymatic kinetic resolution, but this
method has a limitation of a maximum yield of 50%.
Dynamic kinetic resolution (DKR) is a powerful tool
to prepare enantiomerically enriched compounds in high
yields that overcomes the limitation of kinetic resolu-
tion. Recently, we developed a highly efficient DKR
protocol for secondary alcohols in which traditional
enzymatic resolution is combined with an in situ racemi-
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zation of the substrate using a ruthenium-based room
temperature racemization catalyst.8

Optically active 1-(phenyl)ethanol and its substituted
analogues are widely used as building blocks in asym-
metric syntheses, and fluorinated derivatives thereof
are structural elements in pharmaceutical2 and agro-
chemical products.9 These fluorinated alcohols have also
been used in mechanistic enzymology research.10 For
instance, in the pharmaceutical area, (R)-1-(3,5-bis-tri-
fluoromethylphenyl)-ethanol is a valuable intermediate
in the synthesis of neurokinin receptor (NK-1) antago-
nists (Scheme 1).11 We were interested in extending
our ongoing research program on metalloenzymatic
dynamic kinetic resolution (DKR) of secondary
alcohols to fluorinated examples. Herein we report a
high-yielding chemoenzymatic DKR of fluorinated aryl
alcohols at room temperature.
2. Results and discussion

As we have previously described, racemic functionalized
and nonfunctionalized secondary alcohols can be trans-
formed into their (R)-acetates in high yields with excel-
lent ee’s via chemoenzymatic dynamic kinetic
resolution (DKR) under ambient conditions.8a,b It is
known that when a lipase is immobilized on a solid
carrier, the activity and the stability of the enzyme are
improved. Candida antarctica lipase B (CALB) is a very
robust enzyme and one of the most effective catalysts for
resolution of alcohols in organic solvents giving high
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Table 1. Dynamic kinetic resolution of various fluorinated alcoholsa

Entry Substrate Time (h) Yield (%)
of (R)-acetateb,c

eeb (%)

1

OH

F

1

72 >99 (99) 99

2d

OH

F

2

72 99 (>97) >99

3

OH

F

Br

3

72 >99 98

4

OHF

F
F

F

F

4

72 98 (97) >99

5
F3C

OH

5

72 98 >99

6

OH

F3C

6

24 >98 (98) >99

7

OH

CF3

F3C

7

72 >99 (>98) >99

a Unless otherwise noted, Ru-catalyst I (5 mol %), CALB (3 mg),
Na2CO3 (0.5 mmol), and tBuOK (5 mol %) were stirred in toluene
(1 mL) for 6 min before adding the alcohol (0.5 mmol). After 4 min,
isopropenyl acetate (0.75 mmol) was added and the mixture was
stirred under an argon atmosphere at rt.

b Determined by chiral GC using a CP-Chirasil-Dex CB
(25 m · 0.32 mm · 0.25 lm) capillary chiral column.

c Isolated yield in parentheses.
d 3 mmol scale.

OH OAc

5 mol% RuCl(CO)2(η5-C5Ph5) (I)
5 mol% tBuOK

toluene, rt, Ar

CALB

1 equiv. Na2CO3

1.5 equiv.

RR

R = -F or -CF3

OAc

Scheme 2. (R)-Selective dynamic kinetic resolution of various fluori-
nated aryl alcohols.
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Scheme 1. Retrosynthetic analysis of aprepitant and (S)-MA20565.
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enantioselectivity.12 In our study, two groups surround
the alcohol moiety: one is the larger fluorinated aryl
group and the other is the smaller alkyl group. This
composition determines the stereochemical outcome of
the product in the lipase-catalyzed transesterification
reactions (Scheme 2), and the enantioselectivity follows
Kazlauskas’ rule.13

In preliminary studies we found that 5 mol % of Ru-
catalyst (I) and CALB in the presence of Na2CO3 in
toluene with isopropenyl acetate as acylating agent
resulted in the DKR of (rac)-1-(4-trifluoromethylphen-
yl)ethanol (6) and (rac)-1-(1,2,3,4,5-pentafluorophenyl)
ethanol (4).8b In the present study, the same reaction
conditions were employed for the DKR of various flu-
oro-substituted aryl alcohols. The results are summa-
rized in Table 1. The substrate choice was motivated
by (i) the increased demand for enantiopure fluoroalco-
hols, and (ii) the substrate structure requirements of the
employed CALB, described above, to provide high
stereochemical outcome in the DKR reactions.

All fluoro-substituted alcohols 1–7 are electron deficient,
and except for 1-(4-trifluoromethylphenyl)ethanol (6)
(Table 1, entry 6), which was transformed into product
in 24 h, they all required 72 h reaction time. The long
reaction time is due to a slow transition metal-catalyzed
redox racemization at room temperature. Employing the
optimized amount of CALB, these reactions proceeded
with very high enantioselectivity: for 1-(3-bromo-4-flu-
orophenyl)ethanol (3) the ee was 98% (entry 3) and for
all other cases P99% ee was obtained (entries 1–2 and
4–7). For many cases, such as 1-(4-fluorophenyl)ethanol
(1), 1-(4-fluorophenyl)propanol (2), 1-(2,3,4,5,6-penta-
fluorophenyl)ethanol (4), 1-(4-trifluoromethylphenyl)-
ethanol (6) and 1-(3,5-bis-trifluoromethylphenyl)ethanol
(7), the corresponding acetates were isolated in excellent
yields (P97%).

In conclusion, we have reported on a high-yielding
chemoenzymatic DKR of fluorinated aryl alcohols at
room temperature. Under optimized conditions a vari-
ety of fluorinated benzylic secondary alcohols were
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subjected to DKR reaction and the corresponding ace-
tates with R-configuration were obtained in 97–99%
yields with 98–99% ee’s, indicating the high efficiency
of our catalytic system.
3. Experimental

Racemic 1-(1,2,3,4,5-pentafluorophenyl)ethanol (4) is
commercially available. Other racemic alcohols were
prepared by standard NaBH4 reduction of the corre-
sponding commercially available ketone in methanol.

3.1. Typical experimental procedure for DKR of second-
ary alcohols

A solution of tBuOK (0.5 M in THF; 50 lL,
0.025 mmol) was added to a mixture of RuCl-
(CO)2(g5-C5Ph5) (I)8b (16 mg, 0.025 mmol), CALB
(3 mg) and Na2CO3 (53 mg, 0.5 mmol) in dry toluene
(1 mL) in a 10 mL flame-dried Schlenk tube and the
mixture was stirred for 6 min under argon at room tem-
perature. Then the substrate alcohol (0.5 mmol) was
added, and after 4 min, isopropenyl acetate (88 lL,
0.75 mmol) was added and the reaction mixture was stir-
red at room temperature. The reaction was followed by
GC. At the end of the reaction, the reaction mixture was
passed through a silica pad and concentrated. Purifica-
tion by column chromatography afforded the corre-
sponding acetates as colourless oils.

3.2. Selected spectral data for substrates and acylated
products

1-(4-Fluorophenyl)-1-propanol (entry 2). 1H NMR
(CDCl3, 400 MHz) d 7.33–7.29 (m, 2H), 7.06–7.01 (m,
2H), 4.59 (t, J = 6.6 Hz, 1H), 1.86–1.67 (m, 3H, CH2

and OH), 0.91 (t, J = 7.5 Hz, 3H); 13C NMR (CDCl3,
75 MHz) d 127.60, 127.53, 115.29, 115.08, 75.37, 32.00,
10.04.

(R)-1-Acetoxy-1-(4-fluorophenyl)propane (entry 2). 1H
NMR (CDCl3, 400 MHz) d 7.31–7.28 (m, 2H), 7.05–
7.00 (m, 2H), 5.63 (t, J = 6.9 Hz, 1H), 2.06 (s, 3H),
1.97–1.86 (m, 1H), 1.83–1.73 (m, 1H), 0.87 (t, J =
7.3 Hz, 3H); 13C NMR (CDCl3, 75 MHz) d 170.35,
163.52, 136.31, 128.36, 128.28, 115.35, 115.14, 29.23,
21.21, 9.84.

1-(3-Bromo-4-fluorophenyl)ethanol (entry 3). 1H NMR
(CDCl3, 400 MHz) d 7.59 (dd, J = 2.2, 6.6 Hz, 1H),
7.30–7.26 (m, 1H), 7.09 (t, J = 8.6 Hz, 1H). 4.87 (q,
J = 6.4 Hz, 1H), 1.78 (br s, 1H), 1.47 (d, J = 6.1 Hz,
3H); 13C NMR (CDCl3, 75 MHz) d 130.59, 125.99,
125.91, 116.48, 116.26, 69.23, 25.40.

(R)-1-Acetoxy-1-(3-bromo-4-fluorophenyl)ethane (entry 3).
1H NMR (CDCl3, 400 MHz) d 7.55 (dd, J = 2.4, 6.6 Hz,
1H), 7.26 (ddd, J = 8.4, 4.8, 2.4 Hz, 1H), 7.09 (t,
J = 8.4 Hz, 1H), 5.81 (q, J = 7.6 Hz, 1H), 2.07 (s, 3H),
1.51 (d, J = 5.6 Hz, 3H); 13C NMR (CDCl3, 75 MHz)
d 170.11, 131.31, 126.90, 126.82, 116.54, 116.320,
70.93, 22.18, 21.24.
(R)-1-Acetoxy-1-(4-trifluoromethylphenyl)ethane (entry 6).
1H NMR (CDCl3, 300 MHz) d 7.61 (d, J = 8.0 Hz, 2H),
7.46 (d, J = 8.0 Hz, 2H), 5.90 (q, J = 6.0 Hz, 1H), 2.09
(s, 3H), 1.54 (d, J = 6.5 Hz, 3H); 13C NMR (CDCl3,
75 MHz) d 170.13, 145.72, 126.29, 125.83, 125.51,
71.59, 22.24, 21.19 (one carbon is missing due to over-
lapping signals).
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