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As antiviral agents, the nucleoside derivatives fluorinated
in sugar moiety are highly attractive compounds providing a
source of new drugs.1,2 For example, nucleocidine isolated
from Streptomyces calvus has been shown to be a highly
potent inhibitor of protein biosynthesis.3 Nucloside ana-
logues are among the most potent agent against HIV-1.4 As
their 5'-triphosphate metabolites, they are selective inhibi-
tors of the viral reverse transcriptase.5 The 2',3'-dideoxy-
nucleoside class of antiviral agent has been investigated as a
potent inhibitor of the human immunodeficiency virus (HIV).6

In effort to synthesize novel fluorinated nucleoside deriva-
tive, the racemic mixture of (±)-1-(2',3'-dideoxy-3'-fluoro-
apio-β-furanosyl) cytosine [(±)-1] has been synthesized7 and
it could be used as an antiviral reagent. A more efficient
activity test requires the optically pure isomer. To obtain the
optically pure compound, the asymmetrical synthesis of these
compounds involves a quite complicated process, and the
overall yield of the reaction is usually very low. Recently,
the various enzymes (lipases, esterases, and proteases) are
commercially available that makes the enzymatic resolu-
tions of racemic mixture become popular.8 

We started our investigations by using the lipase to hydro-
lyze the diacetylated (±)-1-(2',3'-dideoxy-3'-fluoroapio-β-
furanosyl) cytosine [(±)-2] in phosphate buffer. The sub-
strate [(±)-2] does not dissolved in the buffer solution there-
fore a polar solvent should be used for the enzyme reaction.
Based on the screening of organic solvents, n-butanol show-
ed good solubility for (±)-2 and it was the most suitable sol-
vent for this enzyme reaction. The enantioselectivity of the
enzyme reaction was determined on the basis of the rotation
of the free nucleoside obtained from the removal of the
acetyl group.9 When acetone was used as a cosolvent, por-
cine liver lipase and porcine liver esterase showed good
reactivity, but the optical purity of the product was not high.
In the case of lipase AK, the reaction proceeded less stereo-
selective in acetone than in n-butanol. Among the tested
enzymes, lipase AK (from Amano International Enzyme Co.,
Inc., Japan) showed the best enantioselectivity and reacti-
vity. 

In typical reaction condition, lipase AK (a lipase from
Pseudomonas fluorescens sp.,) was added to a solution of
(±)-2 in 0.1 N phosphate buffer (pH = 7) and n-butanol at 25
oC, and the reaction mixture was stirred under aerobic condi-
tions. The reaction was monitored with HPLC {Shimaz, C18,
1 mL/min, 245 nm, MeOH : H2O = 7 : 3 (v/v)} and then

quenched by filtration of the enzyme through celite after
which the product was freeze dried. The reaction mixture
was separated by silica gel column chromatography. The
compound 3 was treated with sodium methoxide in MeOH
to eliminate the acetyl group, and the (+)-1-(2',3'-dideoxy-3'-
fluoroapio-β-D-furanosyl) cytosine [(+)-1] was isolated in
43% yield with an optical purity of 93% ee. In a similar
manner, the (−)-1-(2',3'-dideoxy-3'-fluoroapio-β-L-furano-
syl) cytosine [(−)-1] was obtained in 40% yield with 92% ee.

In conclusion, a procedure has been developed for the
highly enantioselective enzyme-catalyzed resolution of (±)-
1-(2',3'-dideoxy-3'-fluoroapio-β-furanosyl) cytosine based
on lipase AK mediated hydrolysis of its acetyl ester deriva-
tive.

Experimental Section

The lipase AK, lipase-PS, and lipase AP-12 were pur-
chased from Amano Enzyme Co., Inc., (Japan). The enzymes
were used without further purification. 1H NMR spectra
were recored on a Bruker ARX-400 spectrometer (400
MHz) and are reported in ppm using residual undeuterated
solvent as an internal standard. HPLC monitering of the
enzyme mediated hydrolysis reactions were conducted using
a ASTEC Cyclobond column (0.46 cm× 25 cm) using 0.2%
triethylammonium acetate as eluant at 1 mL/min (observed
at 254 nm). Optical rotations were measured using a Perkin
Elmer 241MC polarimeter.

N-Acetylated (+)-1-(2',3'-dideoxy-3'-fluoroapio-ββ-fura-
nosyl) cytosine (3). (±)-2 (1 g, 3.1 mmol) was dissolved in
20 mL of pH 7 phosphate buffer (0.1 N)-n-butanol (3 : 1).
The clear solution was treated with lipase AK (0.5 g, lipase
from Pseudomonas fluorescens sp.). The progress of the
reaction was monitored by HPLC. After 3h (50% conver-
sion), the reaction mixture was quenched by filtration of the
enzyme through celite and product was freeze dried. The
reaction mixture was separated by silica gel column chroma-
tography (CH2Cl2 : MeOH = 95 : 5). 3 was isolated in 44%
yield (0.36 g) and (−)-2 was obtained in 42% yield (0.4 g).

3 1H NMR (DMSO -d6) δ : 10.9 (s, 1H), 8.09 (d, 1H, J =
7.4 Hz), 7.18 (d, 1H, J = 7.2 Hz), 6.07 (t, 1H, J = 6.6 Hz),
5.28 (t, 1H, J = 5.4 Hz), 4.23 (dd, 1H, J = 35.2, J' = 10.4
Hz), 4.04 (dd, 1H, J = 21.2, J' = 11 Hz), 3.58-3.71 (m, 2H),
2.2-2.75 (m, 2H), 2.06 (s, 3H); 13C NMR (DMSO-d6) δ :
170.0, 161.5, 153.4, 144.6, 105.8, 102.2, 94.3, 87.4, 74.3,
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73.8, 61.0, 60.5, 23.2
(+)-1-(2',3'-Dideoxy-3'-fluoroapio-ββ-D-furanosyl) cyto-

sine [(+)-1]. The compound 3 (0.36 g, 1.3 mmol) was dis-
solved in 20 mL of MeOH and then added 0.15 g (2.7 mmol)
of NaOMe. The resulting mixture was stirred at room tem-
perature for 30 min. Solvent was removed by rotary evapo-
ration to give a crude white solid. The crude compound was

purified with silicagel column chromatography (CHCl3 :
MeOH = 7 : 3). (+)-1 was isolated as a white solid in 97%
(0.27 g) yield. [α]20

D + 45.1 [ref. [α]20
D + 48.6 (0.17,

MeOH)]. 1H NMR (DMSO-d6) δ : 7.61 (d, 1H, J = 7.4 Hz),
7.16-7.12 (m, 2H), 6.11 (t, 1H, J = 6.5 Hz), 5.70 (d, 1H,
J = 7.4 Hz), 5.23 (t, 1H, J = 5.7 Hz), 4.19 (dd, 1H, J = 35,
J' = 10.5 Hz), 3.94 (dd, 1H, J = 21, J' = 10.7 Hz), 3.71-3.63
(m, 2H), 2.48-2.20 (m, 2H); 13C NMR (DMSO-d6) δ : 166.6,
157.1, 141.5, 105.4, 103.6, 95.2, 88.6, 75.3, 75.0, 62.9, 62.7.
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Scheme 1

Table 1. Enzymatic Hydrolysis of compound (±)-2

Enzyme Solvent
Time 
(hr)

(+)-1 (−)-1

Yield 
(%)

ee 
(%)

Yield 
(%)

ee 
(%)

lipase-AK acetone 48 37 48 35 34
lipase-PS n-butanol 3 34 77 30 68
Prozyme-6 n-butanol 1 35 27 19 45
lipase AP-12 n-butanol 1 18 36 27 41
lipase-AK n-butanol 3 43 93 40 92
a The yield was based on the isolation of (+)-1 and (−)-1.


