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It has been estimated that 300 million people world-
wide are now infected with the hepatitis B virus (HBV),
a causative agent of both acute and chronic forms of
hepatitis.1 Furthermore, chronic infection with HBV
has been associated with a high risk for the development
of primary hepatocellular carcinogen.2 In fact, at the
present time there is no clinically useful drug for the
treatment of HBV infection. Considerable effort has
been directed in the search for novel nucleoside struc-
tures for use as antiviral and anticancer agents. Most
of these analogues are synthesized by modification of
the naturally occurring nucleosides and, therefore,
possess the â-D-configuration. In the past, little atten-
tion has been given to the synthesis and study of the
biological activity of L-nucleosides, the enantiomers of
natural D-nucleosides. Recently, a number of the un-
natural L-configuration nucleoside analogues have
emerged as potent antiviral agents against HBV and
human immunodeficiency virus (HIV), which include
â-L-[2-(hydroxymethyl)-1,3-oxathiolan-4-yl]cytosine [â-L-
SddC, (-)-SddC, 3TC, Lamivudine],3-5 â-L-[2-(hydroxy-
methyl)-1,3-oxathiolan-4-yl]-5-fluorocytosine [(-)-FSd-
dC, (-)-FTC],3,6,7 2′,3′-dideoxy-â-L-cytidine (â-L-ddC),
2′,3′-dideoxy-â-L-5-fluorocytidine (â-L-FddC),8-11 and 2′-

fluoro-5-methyl-â-L-arabinofuranosyluracil (L-FMAU)12
(Figure 1). Since 2′,3′-dideoxy-2′,3′-didehydro-â-D-cyti-
dine (â-D-d4C) has proven to be about as equipotent as
â-L-ddC as an anti-HIV agent,13 it seemed logical to
synthesize and evaluate the antiviral activity of its
L-enantiomer, 2′,3′-dideoxy-2′,3′-didehydro-â-L-cytidine
(â-L-d4C, 1), and its 5-fluoro derivative, 2′,3′-dideoxy-
2′,3′-didehydro-â-L-5-fluorocytidine (â-L-Fd4C, 2). In
this communication, we report the synthesis and bio-
logical evaluation of â-L-d4C and â-L-Fd4C, which show
exceptional potent activity against HBV and significant
activity against HIV. Since patients receiving long-
term, anti-HBV or -HIV nucleoside therapy have expe-
rienced delayed toxicity, which may be linked to the
drugs inhibition of mitochondrial DNA synthesis,14 the
effect of â-L-d4C and â-L-Fd4C in decreasing the mito-
chondrial DNA content in cells upon long-term exposure
to these two drugs was also studied. â-L-d4C (1) was
also independently synthesized by Mansuri et al.;15
however, no physical properties and spectroscopic data
were reported. Furthermore, contrary to our results,
they reported that this compound has no antiviral
activity.
Chemistry. The synthesis of 2′,3′-dideoxy-2′,3′-di-

dehydro-â-L-cytidine (â-L-d4C, 1) and 2′,3′-dideoxy-2′,3′-
didehydro-â-L-5-fluorocytidine (â-L-Fd4C, 2) is depicted† Deceased.

Figure 1.
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in Scheme 1. The key intermediate 3′,5′-dibenzoyl-2′-
deoxy-â-L-uridine (3) was synthesized from L-arabinose
by the methodology of Holy16 with minor modification.
Transglycosylation17 reaction of 3 with silylated 5-fluo-
rouracil using trimethylsilyl trifluoromethanesulfonate
as a catalyst afforded a mixture of the R- and â-anomers
3′,5′-dibenzoyl-2′-deoxy-R-L-5-fluorouridine (4a) and 3′,5′-
dibenzoyl-2′-deoxy-â-L-5-fluorouridine (4b), which were
separated by silica gel chromatography. Treatment of
compounds 3 and 4b with saturated NH3/MeOH solu-
tion overnight produced 2′-deoxy-â-L-uridine (5) and 2′-
deoxy-â-L-5-fluorouridine (6). Reaction of 5 and 6 with
2 M equiv of mesyl chloride in anhydrous pyridine
followed by 1 N NaOH solution18 resulted in the
formation of the respective cyclic ethers 7 and 8.
Treatment19 of compounds 7 and 8 with 4-chlorophenyl
phosphorodichloridate and 1,2,4-triazole in anhydrous
pyridine followed by a mixture of ammonium hydroxide/
dioxane (2:1, v/v) afforded the corresponding cytidine
derivatives 9 and 10, which were then treated with tert-
butoxide in DMSO to furnish the target compounds 2′,3′-
dideoxy-2′,3′-didehydro-â-L-cytidine (â-L-d4C, 1)20 and
2′,3′-dideoxy-2′,3′-didehydro-â-L-5-fluorocytidine (â-L-
Fd4C, 2), respectively.21
Biological Evaluation. The synthesized compounds

â-L-d4C (1) and â-L-Fd4C (2), along with the known
antiviral compounds â-D-ddC, â-D-d4C, â-L-FddC, and
â-L-SddC, were tested for their antiviral activities in
vitro, and the results are shown in Table 1. The
procedures used were the same as described previ-
ously.3,9 Among these nucleoside analogues, 2′,3′-
dideoxy-2,3′-didehydro-â-L-5-fluorocytidine (â-L-Fd4C, 2)
was found to be most active against HBV. Compounds
demonstrating significant anti-HBV activity (extracel-
lular and intracellular, respectively) in decreasing activ-

ity were â-L-Fd4C, â-L-d4C, â-L-SddC, and â-L-FddC. To
the best of our knowledge, â-L-Fd4C appears to be the
most potent and selective compound against HBV
reported to date. In addition, the compounds exhibiting
activity against HIV in decreasing antiviral activity
were â-L-Fd4C, â-L-FddC, â-D-d4C, â-L-d4C, â-D-ddC,
and â-L-SddC. The compounds were also tested in vitro
for their cytotoxicity against CEM cell lines. The
cytotoxity of these nucleotides in decreasing order were
â-L-Fd4C, â-D-ddC, â-L-d4C, â-D-d4C, â-L-SddC, and â-L-
FddC.
Since anti-HIV, D-nucleoside analogues produce de-

layed toxicity in patients from long-term treatment with
these drugs, and this delayed toxicity caused by these
drugs may relate to their ability to inhibit mitochondrial
DNA synthesis,14 the ability of â-L-Fd4C and â-L-d4C

Scheme 1

Table 1. Evaluation of 2′,3′-Dideoxycytidine Analogue
Antiviral Activity against Hepatitis B Virus (HBV) and Human
Immunodeficiency Virus (HIV-1), Effects on Mitochondrial DNA
Synthesis, and Cytotoxicity against CEM Cells in Vitro

HBV ED50
a (nM)

cytotoxicity
ED50

c(µM)

compd
extra-
cellular

intra-
cellular

HIV-1b
ED50(µM)

cell
growth

mt-
DNA

DddC 5200 6200 1.5 10 0.022
Dd4C 3000 0.7 22 2
1 (â-L-d4C) 10 8 ∼1.0 20 >20
2 (â-L-Fd4C) 2 2 0.09 7 >100
â-L-FddC 55 36 0.5 67 >100
â-L-SddC
(3TC)

17 30 2.0 50 >50

a Concentration required to inhibit 50% of extracellular circular
and intracellular replicating HBV DNA using 2215 cell line.3
b Concentration required to inhibit 50% of HIV activity in MT-2
cells.9 c Concentration required to inhibit 50% of cell growth and
to decrease 50% of mt-DNA content in CEM cells.3,9
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to decrease the mitochondrial DNA content in cells upon
long-term exposure to these two drugs was also evalu-
ated. Both compounds showed no effect on mitochon-
drial DNA content of CEM cells after a 6 day exposure
at 10 µM, which is a much higher concentration required
to inhibit HBV in culture. The spectrum of biological
activity of â-L-Fd4C and â-L-d4C in culture is similar
to â-L-SddC (3TC), which has just been approved by the
FDA for use in combination drug therapy against HIV
and HBV.
In conclusion, we present the synthesis and prelimi-

nary biological profile of 2′,3′-dideoxy-2′,3′-didehydro-
â-L-cytidine (â-L-d4C, 1) and 2′,3′-dideoxy-2′,3′-didehydro-
â-L-5-fluorocytidine (â-L-Fd4C, 2), which demonstrated
exceptional potent activity against HBV and significant
activity against HIV. Therefore, these two compounds
merit further development as potential anti-HBV and
HIV agents.
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