
Tetrahedron: Asymmetry 16 (2005) 1743–1746

Tetrahedron:
Asymmetry
Chemoenzymatic synthesis of both enantiomers
of 2-chloro-1-(2-furyl)ethanol
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Abstract—Enzyme catalyzed transesterification of rac-2-chloro-1-(2-furyl)ethanol rac-1 using vinyl acetate afforded the enantiomers
of 2-chloro-1-(2-furyl)ethanol 1 and 2-chloro-1-(2-furyl)ethyl acetate 2 in high enantiomeric excess. Several lipases were used for the
kinetic resolution of racemic 2-chloro-1-(2-furyl)ethanol l, in which the lipases from Pseudomonas cepacia, Candida antarctica and
Candida cylindracea displayed high enantioselectivity towards 1.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Furan ring containing compounds are very useful build-
ing blocks for the synthesis of a considerable number of
natural products, such as a-amino acids, b-lactams,
indolizilines, quinolizidines and piperidine alkaloids.1

2-Chloro-1-(2-furyl)ethanol 1 and its acetyl derivative
2-chloro-1-(2-furyl)ethyl acetate 2 are also important
precursors for various biologically important molecules.
These have been used successfully as a �conformational
toolbox�, for example, in the synthesis of antiviral com-
pounds. There are few methods in the literature for the
synthesis of 1.2,3 Nieman and Tanis obtained (S)-1 by
enantioselective reduction of 2-chloro-1-(2-furyl)etha-
none 4 using a chiral ruthenium–diamine catalyst.
The product is then converted into (R)-2-amino-1-(2-
furyl)ethanol (98% ee), which is used as a starting
material for the synthesis of antiviral compounds.2a

Takayuki�s synthesis is another example of the enantio-
selective synthesis of (S)-1. Takayuki et al.3 synthesized
an optically active halohydrin by asymmetric hydrogen
transfer reduction of the corresponding a-halo ketone
4 using a chiral rhodium–diamine catalyst.

We recently developed the synthesis of furan containing
compounds with high levels of diastereo- and enantiose-
lectivity and the enzyme- and fungus-mediated resolu-
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tion of alcohols to obtain enantiomerically pure a-
hydroxy ketones.4

Herein, we report a simple chemoenzymatic access to
both enantiomers of 2-chloro-1-(2-furyl)ethanol 1 and
2-chloro-1-(2-furyl)ethyl acetate 2 starting from 1-(2-
furyl)ethanone 3 via a-chlorination with a reduction
followed by enzymatic kinetic resolution. To the best
of our knowledge, no previous enzymatic kinetic resolu-
tion reaction has been carried out with rac-1 (Fig. 1).
2. Results and discussion

The importance of enantiomerically pure 1 led us to
explore a chemoenzymatic method for obtaining it in
an enantiomerically pure form. As an initial reaction
(Scheme 1), chlorination of commercially available
1-(2-furyl)ethanone 3 with SeO2/TMSCl5a or Ce-
NH4NO3/CH3COCl5b was performed to obtain the
chloroketone 4, in 76–84% yield after purification by
column chromatography.6 BH3SMe2 mediated the
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Table 2. Pseudomonas cepacia lipase catalyzed asymmetric trans-

esterification of (RS)-1 using different solvents

Solvent Time

(d)

(R)-1

Ee (%)

(S)-2

Ee (%)

% Conversion E8

Toluene 8 93 30 76 5.4

THF 8 73 77 49 16

Acetonitrile 4 99 42 70 11

Table 3. Candida antarctica lipase catalyzed asymmetric transesterifi-

cation of (RS)-1 using different solvents

Solvent Time

(d)

(S)-1

Ee (%)

(R)-2

Ee (%)

% Conversion E8

Toluene 4 96 33 74 6.6

THF 4 65 96 40 96

Acetonitrile 4 85 34 71 4.9
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reduction of 4 to give rac-1 in 84% yield after
purification.

Lipase type enzymes are used extensively for the synthe-
sis of enantiomerically pure compounds via the resolu-
tion of racemic mixtures. The high stereoselectivity in
organic media and their low cost make them very useful
catalysts for enantioselective resolution.7

Different lipases were screened for resolving racemic 2-
chloro-1-(2-furyl)ethanol (RS)-1 in the enantioselective
transesterification of (RS)-1 using vinyl acetate as an
innocuous acyl donor without solvent. The lipases tested
for the enantioselective transesterification of (RS)-1
were lipases from Pseudomonas cepacia, Candida antarc-
tica, Amano PS, Rhizopus niveus, Muchor miehei,
Candida cylindracea and hog pancreas. The trans-
esterification of 1 was carried out at 37 �C at a molar
ratio of vinyl acetate to racemic (RS)-1 of 2:1 to ensure
complete reaction (Scheme 1). Careful monitoring of the
reactions with TLC and HPLC furnished both
enantiomers of 2-chloro-1-(2-furyl)ethanol (1) and
2-chloro-1-(2-furyl)ethyl acetate 2. The results of the
lipase-catalyzed transesterification of 1 are summarized
in Table 1.

In the transesterification of (RS)-1 using lipases from
P. cepacia and Amano PS, (S)-1 was the faster reacting
enantiomer, yielding (S)-2 in high ee and leaving (R)-1
as the unreacted enantiomer. The other enzymes showed
opposite selectivity. P. cepacia, C. antarctica and
C. cylindracea displayed high enantioselectivity towards
1 (Table 1). In regard to the ee of the remaining sub-
strate (S)-1 and that of the product (R)-2 as well as
the enantiomeric ratio (E >200), lipase from C. antarc-
tica was the best lipase employed in the transesterifica-
Table 1. Lipase-catalyzed transesterification of rac-1 without solvent

Lipase Time (h) 1 Eea (%)

Pseudomonas cepacia 115 64 (R)

Candida antarctica 90 86 (S)

Amano PS 85 12 (R)

Rhizopus niveus 3 weeks 38 (S)

Muchor miehei 52 22 (S)

Candida cylindracea 48 20 (S)

Hog pancreas 8 d 71 (S)

a The ee value was measured immediately after work-up and determined by H

254 nm, eluent: hexane/2-propanol = 95:5, flow 0.50 mL min�1 20 �C, us

determined from the sign of the specific rotation of the isolated product.3
tion of 1. The lipases from P. cepacia and C.
cylindracea also showed high enantioselectivity towards
1, however, the enantiomeric ratio E was lower in com-
parison with the lipase from C. antarctica catalyzed
transesterification of 1. Other enzymes showed low to
moderate enantioselectivities and reaction rates in the
transesterification of 1 (Table 1).

We examined the transesterification of rac-1 with differ-
ent organic solvents. As shown in Tables 2 and 3 asym-
metric transesterification of rac-1 was carried out with
lipase from P. cepacia and C. antarctica using vinyl ace-
tate in toluene, THF and acetonitrile in a molar ratio
of vinyl acetate to rac-1 of 2:1. The transesterification
of rac-1 lipase from P. cepacia displayed high
2 Eea (%) % Conversion E8

96 (S) 40 95

99 (R) 46 >200

17 (S) 41 1.6

39 (R) 49 3.2

30 (R) 42 2.3

97 (R) 17 79

56 (R) 56 7.3

PLC using the chiral column (Chiralcel OD column, UV detection at

ing racemic compounds as references) while the configuration was
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enantioselectivity in acetonitrile and toluene towards 1,
in regard to the ee of the remaining substrate (R)-1
(93%, 99%). Lipase from C. antarctica displayed high
enantioselectivity in toluene towards 1, in regard to
the ee of the remaining substrate (S)-1 (96%) and in
THF towards 1, in respect to the ee of the product
(R)-2 (96%).

C. antarctica lipase was the enzyme of choice used in the
transesterification of rac-1 using vinyl acetate without
solvent on a preparative scale synthesis of (R)-2. An E
value of more than 200 was observed with the reaction
terminated after 90 h to afford (R)-2 with more than
99% ee, in 38% yield with alcohol (S)-1 recovered in
86% ee and 34% yield. Compound (S)-1 (96% ee, 41%
yield) was obtained in preparative scale by using
C. antarctica lipase in toluene. For the preparative scale
synthesis of (R)-1 lipase from P. cepacia was used and
transesterification of rac-1 in acetonitrile furnished (S)-
2 in 36% yield and 42 % ee and the remaining (R)-1
was isolated in 43% yield and 99% ee. Compound (S)-
2 (96% ee, 40% yield) was obtained on a preparative
scale by using P. cepacia lipase under solvent free
condition.

By applying the related literature procedure,9 hydrolysis
of (S)-2 (K2CO3/MeOH) furnished (S)-1 in 83%
yield while the acetylation of (R)-1 (Et3N, Ac2O)
furnished (R)-2 in 86% yield (Scheme 1). These processes
could be carried out without any loss of enantiomeric
excess.
3. Conclusion

In summary, we have reported herein the first efficient
synthesis of both enantiomers of 2-chloro-1-(2-furyl)-
ethanol 1 and 2-chloro-1-(2-furyl)ethyl acetate 2, via
enzymatic kinetic resolution. Chlorination of 1-(2-
furyl)ethanone furnished 2-chloro-1-(2-furyl)ethanone
3 in high yield. Reduction of 3 with BH3SMe2 furnished
rac-1 in high yield. Enzyme catalyzed transesterification
of rac-2-chloro-1-(2-furyl)ethanol rac-1 using vinyl ace-
tate afforded both enantiomers of 2-chloro-1-(2-furyl)-
ethanol 1 and 2-chloro-1-(2-furyl)ethyl acetate 2 in high
enantiomeric excess.
4. Experimental

4.1. Materials and methods

NMR spectra were recorded on a Bruker DPX 400.
Chemical shifts d are reported in ppm relative to CHCl3
(1H: d = 7.27), CDCl3 (13C: d = 77.0) and CCl4 (13C:
d = 96.4) as internal standards. Column chromato-
graphy was conducted on silica gel 60 (40–63 lm).
TLC was carried out on aluminum sheets pre-coated
with silica gel 60F254 (Merck), and the spots were visua-
lized with UV light (k = 254 nm). Enantiomeric excesses
were determined by HPLC and LC–MS analysis using a
Thermo Finnigan Surveyor equipped with an appropri-
ate chiral phase column, as described in the footnotes of
the tables. Optical rotations were measured with a Krüss
P3002RS automatic polarimeter.

4.2. General procedure for the lipase-catalyzed asym-
metric transesterification of (±)-1

Racemic alcohol 1 (293 mg, 2 mmol) and vinyl acetate
(344 mg, 4 mmol) were dissolved in the appropriate
organic solvent (8 mL) while lipases (200–300 mg) were
added [reactions without organic solvents: a mixture of
racemic alcohol 1 (292 mg, 2 mmol), vinyl acetate
(344 mg, 4 mmol) and lipase (200–300 mg) were stirred
at 37 �C].The reaction mixture was stirred at 37 �C.
The reaction was monitored by TLC and HPLC and
when the maximum conversion was reached, the reac-
tion was terminated by way of filtration. Substrate 1
and product 2 were separated by flash chromatography
over silica (n-hexane/ethyl acetate, 4:1).

4.2.1. (R)-2-Chloro-1-(2-furyl)ethanol (R)-1.3 Colour-
less oil (126 mg, 43%, 99% ee), ½a�25D ¼ �21.7 (c 0.42,
CHCl3), {lit.3 ½a�20D ¼ þ23 (c 0.52, CHCl3) for (S)-1}.
HPLC: Chiralcel OD column, UV detection at
254 nm, eluent: hexane/2-propanol = 95:5, flow
0.50 mL min�1 20 �C (retention time: 18 min). 1H
NMR (400 MHz, CDCl3): d 2.60 (br s, 1H, OH), 3.71–
3.81 (m, 2H), 4.87–4.93 (m, 1H), 6.27 (d, J = 3.1 Hz,
1H), 6.32 (dd, J = 1.6, 3.1 Hz, 1H), 7.25 (s, 1H). 13C
NMR (CDCl3): d 47.3, 68.0, 107.5, 112.8, 142.3, 152.9.

4.2.2. (S)-2-Chloro-1-(2-furyl)ethanol (S)-1. Colourless
oil (120 mg, 41%, 96% ee), ½a�25D ¼ þ18.3 (c 0.35, CHCl3)
HPLC: Chiralcel OD column, UV detection at 254 nm,
eluent: hexane/2-propanol = 95:5, flow 0.50 mL min�1

20 �C (retention time: 22 min).

4.2.3. (S)-2-Chloro-1-(2-furyl)ethyl acetate (S)-2. Col-
ourless oil (150 mg, 40%, 96% ee), ½a�25D ¼ þ14.5 (c 0.2,
CHCl3). HPLC: Chiralcel OD column, UV detection
at 254 nm, eluent: hexane/2-propanol = 95:5, flow
0.50 mL min�1 20 �C (retention time: 12.5 min). 1H
NMR (CDCl3): d 2.01 (s, 3H), 3.73–3.81 (m, 2H), 5.93
(dd, J = 5.9 Hz, 1H), 6.25–6.28 (m, 1H), 6.32 (d,
J = 3.2 Hz, 1H), 7.33 (s, 1H). 13C NMR (CDCl3): d
20.7, 43.0, 96.1, 109.8, 110.4, 142.8, 149.5, 169.1. Anal.
Calcd for C8H9ClO3 (188.6): C, 50.94; H, 4.81. Found:
C, 50.75; H, 4.72.

4.2.4. (R)-2-Chloro-1-(2-furyl)ethyl acetate (R)-2. Col-
ourless oil (142 mg, 38%, 99% ee), ½a�25D ¼ �16.6 (c 0.2,
CHCl3). HPLC: Chiralcel OD column, UV detection
at 254 nm, eluent: hexane/2-propanol = 95:5, flow
0.50 mL min�1 20 �C (retention time: 14 min).
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