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Hepatitis C virus (HCV), an enveloped single-stranded positive (Fig. 2), presenting one face with a Watson–Crick donor/acceptor ar-

sense enveloped RNA virus discovered in 1989,1 is a leading cause
of long term liver cirrhosis, resulting in liver transplantation, liver
failure and hepatocellular carcinoma.2 Globally, there are an esti-
mated 170 million persons infected with the virus and 3–4 million
persons are newly infected each year. Despite the existence of
treatments involving pegylated interferon-a (IFN) and ribavirin
(RBV), with or without protease inhibitors (PI) boceprevir (Victrel-
is) and telaprevir (Incivek),3 the limited efficacy and side effects of
current therapies emphasize the need for additional improved
therapeutic agents. Nucleoside inhibitors that target HCV NS5B
polymerase have demonstrated clinical advantages of broader
activity against various HCV genotypes and a higher barrier to
the development of resistant viruses when compared to all other
classes of HCV inhibitors.4 To date a number of 20-modified nucleo-
sides have shown potent activity against HCV (Fig. 1).5,6 IDX-184 1,
RO-5024048/RG-7128 2, and PSI-7977 (GS-7977) 3 are in advanced
clinical trials as effective anti-HCV agents. Interestingly, highly
base-modified tricyclic derivatives such as 47 and 58 have also
shown potent anti-HCV activity.

Based on these compounds and inspired by Townsend’s work on
linear tricyclic nucleosides,9 we prepared a series of new nucleosides
with potential anti-HCV activity that may be viewed as possessing
the feature of two completely different bases simultaneously
(Fig. 2). These dual bases or Janus type10 nucleosides, such as J-GA
ray of a guanine and the other face with an array of an adenine, could
in principle, by rotation of the glycosidic bond, pair with either a
cytosine or a uracil. Thus, we report herein the synthesis and the bio-
logical evaluation of ribo and new 20-b-C-methyl ribo Janus type
nucleosides J-AA, J-AG and J-AU (Fig. 2; R = H or Me).

The Janus type nucleosides 12a, 14a and 19a were previously
reported by Townsend,9 we have included our resynthesis of these
nucleosides for comparison to the synthesis of the 20-b-C-methyl
ribo series and also to evaluate and compare both series for antivi-
ral and cytotoxic activity. The synthesis of Janus type nucleosides
12a–b (J-AU) is summarized in Scheme 1. The Vorbrüggen coupling
reaction between 4-amino-6-bromo-5-cyanopyrrolo[2,3-d]pyrimi-
dine 611and 1-O-acetyl-2,3,5-tri-O-benzoyl-b-D-ribofuranose 7a or
20-b-C-methyl-1,2-di-O-benzoyl-3,5-di-O-toluyl-b-D-ribofuranose
7b12using N,O-bis(trimethylsilyl)acetamide (BSA) as the silylation
agent and TMSOTf as the Lewis acid provided compounds 8a and
8b in 71% and 65%, respectively.13 Compounds 8a–b were then
deprotected in saturated methanolic ammonia to give 9a–b. Subse-
quent halogen displacement with liquid ammonia in a steel bomb
was followed by treatment with hydroxylamine14 in ethanol which
afforded compounds 11a–b in good yields. Finally, J-AU derivatives
12a–b15 were obtained in 51% and 46% yield, respectively, by treat-
ment of amides 11a–b with diethyl carbonate in presence of so-
dium ethoxide. It is noteworthy that 1H NMR spectral data for
Janus base nucleosides denote the presence of only one isomer
(for compound 12b, 20Me signal appears as a singlet), clearly indi-
cating free rotation of the base.
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Figure 1. Nucleoside analogs exhibiting anti-HCV properties.
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Figure 2. Janus type dual-base nucleosides.
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J-AA compounds 14a–b16 were easily prepared without isola-
tion of intermediates by reaction of 10a–b with diethoxymethyl
acetate followed by treatment with saturated methanolic ammo-
nia solution followed by 25% aqueous acetic acid (Scheme 2).

Finally, nucleosides J-AG 19a–b were prepared in five steps
from intermediate 11a–b (Scheme 3). Thus, treatment of com-
pounds 11a–b with carbon disulfide under basic conditions affor-
ded, in quantitative manner, tricyclic sodium salts 15a–b, which
were converted to their ammonium salt counterparts 17a–b after
acidification and treatment with NH4OH. Compounds 17a–b were
then oxidized using hydrogen peroxide and the resulting ammo-
nium sulfonate intermediates 18a–b were subsequently reacted
with ammonia in a steal vessel to give the desired J-AG nucleosides
19a–b.17

Overall the presence of the 20-C-Me group had little effect on the
yield of the various reactions, however, in most cases there was a
slight reduction in isolated yield. All synthesized tricyclic dual-
base nucleosides 12a–b, 14a–b, and 19a–b along with intermedi-
ates 9a–b, 10a–b, and 11a–b were evaluated for inhibition of
HCV RNA replication in Huh7 cells using a subgenomic HCV repli-
con system.18 Cytotoxicity in Huh7 cells was determined simulta-
neously with anti-HCV activity by extraction and amplification of
both HCV RNA and cellular ribosomal RNA (rRNA).19 To determine
the spectrum of activity of the compounds, anti-HIV activity was
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Table 1
In vitro antiviral activity and cytotoxicity of compounds 12a–b, 14a–b, 19a–b, 9a–b, 10a–b, 11a–b and phosphoramidate prodrug 24a

Compd Janus type Anti-HCV activity (lM) rRNA (lM) Anti-HIV-1 activity (lM) Cytotoxicity, CC50 (lM)

EC50 EC90 CC50
b EC50 EC90 PBM CEM Vero

12a J-AU 5.7 9.4 5.7 6.8 16.5 51.8 7.9 13.4
12b J-AU >10 >10 >10 >100 >100 >100 >100 >100
14a J-AA >10 >10 >10 >100 >100 53.8 29.5 82.5
14b J-AA >10 >10 >10 P100 P100 >100 >100 >100
19a J-GA 3 22.5 <10 9.4 24.0 3.1 20.2 63.1
19b J-GA �3 17.9 �3 3.3 >100 92.1 36.5 >100
24 NA >10 >10 >10 ND ND ND ND ND
9a NA >10 >10 >10 2.7 16.2 10.5 65.1 87.3
9b NA >10 >10 >10 >100 >100 >100 >100 >100
10a NA 0.2 0.3 0.15 0.38 1.1 0.10 ND 0.96
10b NA 6.8 21.8 �10 24.7 56.0 4.9 10.0 >100
11a NA 0.5 2.4 �10 0.49 1.5 3.1 <1.0 7.6
11b NA >10 >10 >10 >100 >100 >100 >100 >100
16a NA >10 >10 >10 9.6 30.2 2.9 8.2 43.1
16b NA >10 >10 >10 >100 >100 >100 >100 >100
AZT NA >10 >10 >10 0.0040 0.028 >100 14.3 53.0

ND: not determined.
a All values are based on mean of replicate assays (n P2).
b CC50: cytotoxic concentration that reduced the rRNA levels by 50% at 120 h.
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evaluated against HIV-1LAI in primary human peripheral blood
mononuclear (PBM) cells and 30-azido-30-deoxythymidine (AZT)
was used as a positive control. Cytotoxicity was determined in
PBM, human lymphoblastoid CEM, and African green monkey Vero
cells (Table 1).20

From among the prepared compounds, targeted Janus nucleo-
sides compounds, 12a (J-AU) and 19a–b (J-GA) along with interme-
diates 10a–b and 11a showed HCV activities that were not
differentiable from the toxicity observed in the replicon Huh7 cell
line. The remaining three Janus compounds 12b (J-AU) and 14a–b
(J-AA) and intermediates 9a–b, 11b, and 16a–b did not display any
anti-HCV activity in our Huh7 based replicon system. A similar result
was seen in the HIV assay with all compounds that displayed anti-
HIV activity were also found to have cytotoxicity toward PBM cells
(compound 10a was the most toxic with a CC50 in PBM cells of
0.1 lM).

Since the lack of antiviral activity or cytotoxicity observed for 12b
and 14b may be due to inefficient uptake and/or their inability to be
intracellularly metabolized to the corresponding nucleoside tri-
phosphates, a J-AA McGuigan type phosphoramidate prodrug 24
was prepared (Scheme 4). We chose 24 for prodrug synthesis as
the adenine groups are presented in a manner consistent with aden-
osine while the J-AU nucleoside 12b presents the uracil group in a
manner inconsistent with uridine. Attempts to synthesize prodrug
24 by direct coupling of nucleoside 14b with phenyl(ethoxy-L-alan-
inyl)phosphorochloridate in presence of either t-BuMgCl or NMI
afforded only trace amount of the desired product. These difficulties
lead us to envisage a temporarily protection of the exocyclic
amino groups before coupling with the chlorophosphoramidate.
Thus, compound 14b was reacted with 1,3-dichloro-1,1,3,3-tetra-
isopropyldisiloxane in pyridine to form 30,50-protected intermediate
20. Subsequently, the amino groups were protected with tert-butox-
ycarbonyl anhydride ((Boc)2O) to give the corresponding tri-N-Boc
protected derivative 21. Interestingly, despite the use of a large ex-
cess of (Boc)2O, we were unable to introduce four Boc groups on
compound 20. Treatment of 21 with Et3N�3HF provided N-Boc-
protected nucleoside 22, which was then reacted with phenyl
(ethoxy-L-alaninyl)phosphorochloridate in presence of t-BuMgCl
to give phosphoramidate 23. Deprotection with 80% aqueous TFA
at room temperature provided target monophosphate prodrug 24
in 33% yield over two steps. Unfortunately, monophosphate prodrug
24 did not display any inhibition of HCV RNA replication in the rep-
licon system.

In conclusion, as a part of our drug discovery program, we have
synthesized some ribo and novel 20-C-Me tricyclic dual base nucleo-
sides J-AU, J-AG and J-AA and a McGuigan type phosphoramidate
prodrug of J-AA. Many of these Janus type nucleosides were found
to be cytotoxic in multiple cell lines with only 20-C-Me J-AA 12b
and 20-C-Me J-AG 14b being devoid of cytotoxicity in the four cell
lines tested. Our studies did not reveal any anti-HCV or -HIV activity
that was free from cytotoxicity indicating that our changes to the
nucleoside base might have been too drastic for recognition by phos-
phorylation kinases and/or HCV NS5B polymerase.
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