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Abstract—The discovery of a novel class of HCV NS5B polymerase inhibitors, 3-arylsulfonylamino-5-phenyl-thiophene-2-car-
boxylic acids is described. SAR studies have yielded several potent inhibitors of HCV polymerase as well as of HCV subgenomic
RNA replication in Huh-7 cells.
# 2003 Elsevier Ltd. All rights reserved.
In 1989, Hepatitis C virus (HCV) was identified as the
pathogen responsible for the majority of the cases of
non-A non-B hepatitis. This positive strand RNA virus
of the Flaviviridae family chronically infects approxi-
mately 3% of the world population or 175 million indi-
viduals causing severe liver malfunction and morbidity.
To date, there is no prophylactic vaccine and the
recommended treatments, interferon a2b or a pegylated
conjugate (PEG-Intron1) alone or in combination with
ribavirin provide sustained viral suppression only in a
fraction of the cases. Furthermore, severe side effects
often limit compliance to the therapy. As a result,
intensive efforts have been focused on the development
of an efficacious and well-tolerated low molecular
weight anti-HCV agent. The major obstacle towards
this goal has been the lack of a cell culture system and/
or a convenient small animal model to propagate the
virus.1 A major breakthrough was recently made by
Bartenschlager and co-workers who engineered a Huh-7
human hepatoma cell line that supports replication of
subgenomic HCV RNA replicons (replicon cell line).2

These replicons encode all the non-structural proteins
(NS3, NS4A, NS4B, NS5A and NS5B) of HCV and
thus provide a useful surrogate antiviral model for
evaluating compounds which show activity against any
of these functional targets of HCV.

The HCV NS5B RNA dependent RNA polymerase3 is
one of the most studied target because it has been
shown that a functional polymerase is essential for
infectivity in chimpanzees.4 Recently, a group from
GlaxoSmithKline Pharmaceuticals reported the anti
HCV NS5B polymerase activity of several benzo-1,2,4-
thiadiazine analogues which also inhibited the replica-
tion of HCV replicons.5 An inhibitor from Japan
Tobacco Inc. is also reported to be undergoing Phase II
clinical trials.6 We have recently described the identifi-
cation and SAR studies of a novel class of HCV poly-
merase inhibitors which are characterized by a
N,N-disubstituted phenylalanine moiety A.7 Crystal
structures of inhibitor–NS5B HCV polymerase com-
plexes were also generated and this led to the identifi-
cation of an allosteric binding site located about 35 Å
from the active site.8

Compound libraries were screened against HCV NS5B
polymerase using the assay described previously;7 selec-
ted compounds were then screened in a HCV replicon
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assay using a Huh-7 derived cell line (5.2 cells) which
carries a replicon containing the luciferase reporter
gene.9 RNA replication can thus be conveniently mea-
sured by determining the level of luciferase activity. The
concentration of compound required to suppress RNA
replication by 50% was expressed as IC50. Since cyto-
toxic compounds are detrimental to cell viability and
hence HCV RNA replication, cytotoxicity was deter-
mined by measuring the incorporation of 3H-thymidine
in Huh-7 cells. The concentration required to suppress
3H-thymidine uptake by 50% was expressed as CC50
and the Selectivity Index (SI) was calculated as the ratio
of CC50 over IC50. Our screening efforts led to the
identification of a novel class of low molecular weight
inhibitors based on a 5-phenyl-thiophene scaffold 1
which bears a carboxamide and a sulfonamide at the 2-
and 3-positions respectively.

Preliminary SAR data showed the 2-carboxy analogue 2
to be 3-fold more potent than the corresponding car-
boxamide 1. Furthermore, both the methyl carboxylate
and 5-desphenyl derivatives of 2 were inactive against
NS5B polymerase. It is interesting to note that in our
previously described series, a carboxylic acid moiety was
essential for polymerase inhibition.7 Taking these find-
ings into consideration, a systematic modification of the
3- and 5-positions was undertaken. In addition, the
importance of the relative position of the three func-
tionalities on the thiophene nucleus was also studied.

All the sulfonamides and amides described in this study
were prepared by the reaction of commercially available
acid or sulfonyl chlorides10 with a 3-amino thiophene
derivative in the presence of base (Scheme 1). Sub-
stituted 5-phenyl thiophene analogues 10–12 were
obtained under Suzuki coupling conditions from the
corresponding 5-bromothiophene 20 (Scheme 2). This
compound was conveniently prepared from LDA medi-
ated 5-proton abstraction from 19 followed by quench-
ing with 1,2-dibromotetrafluoroethane11 to give the
desired 5-bromo derivative 20 in 92% yield (Scheme 2).
This approach represents a highly efficient way of
effecting a lithium anion mediated bromination in the
presence of a methyl ester without the added compli-
cation of cross-condensation from the anion. The
adjacent bulky BOC protecting group probably steri-
cally hinders the methyl ester carbonyl from nucleo-
philic attack. Regioisomer 13 was prepared from the
corresponding commercially available 2-amino thio-
phene derivative. The synthesis of regioisomer 14 is
depicted in Scheme 3. The 4-amino thiophene deriva-
tive 22 used in the preparation of regioisomer 14 was
obtained from nitration12 of 5-bromothiophene 21 fol-
lowed by Suzuki coupling with phenylboronic acid and
reduction with tin(II) chloride. In contrast direct nitra-
tion of commercial 5-phenyl-2-methyl carboxylate
resulted in exclusive nitration of the phenyl ring. Urea
17 and carbamate 18 were prepared from the corre-
sponding isocyanate and chloroformate, respectively.

The compounds described in this study were evaluated
for inhibition of HCV NS5B polymerase and selected
compounds were also evaluated for inhibition of HCV
subgenomic RNA replication in the replicon cell line. A
systematic study of the importance of the substituents
on the phenyl ring of the sulfonamide was undertaken
and the results are depicted in Table 1.

From the in vitro polymerase inhibition of compounds
4–7, it became apparent that single substitution at the
ortho, meta or para position does not provide any
potency enhancement compared to the trisubstituted
phenyl sulfonamide 2. No improvement was also
observed for the 2,5-dimethyl substituted analogue 3.
However, the 2,4-disubstituted analogues provided a
5-fold enhancement in potency; the 4-chloro-2-methyl,
analogue 8 and the 2,4-dimethyl derivative 9 had IC50’s
of 0.75 and 1 mM, respectively. Polymerase inhibition
was also enhanced by introduction of an acyl or methyl-
sulfonyl unit on the para position of the 5-phenyl ring.
The orthomethyl substituted analogues 10 and 12 had an
IC50 of approximately 1.5 mM, whereas combining the
acyl unit with the 2,4-dimethyl derivative gave the most
potent compound (11, IC50 0.39 mM) of this study.

Most of the compounds described in Table 1 were
deemed too toxic to be able to differentiate between
Scheme 1. Preparation of 2–9 and 13. Reagents: compounds 2, 6, 13:
Method A (R=Me) (i) sulfonyl chloride, pyridine; (ii) LiOH, THF/
MeOH/H2O (3:2:1), rt; then HCl (1N). Compounds 3–5, 7–9: Method
B (R=H) sulfonyl chloride, Na2CO3 dioxane/H2O (1:1); then HCl
(1N).
Scheme 3. Preparation of 14. Reagents: (a) (i) NO2BF4, CH3CN,
75%; (ii) PhB(OH)2, Pd(PPh3)4, toluene/MeOH, Na2CO3 (aq) 65

�C,
75%; (iii) SnCl2.2H2O, AcOEt, 57%. (b) (i) LiOH, THF, MeOH, H2O
(3:2:1), rt, 93%, then HCl (1N); (ii) Method B, 48%.
Scheme 2. Preparation of 10–12. Reagents: (a) LDA, THF, �78 �C
then (CF2Br)2, 92%; (b) (i) arylboronic acid, Pd(PPh3)4, toluene/
MeOH, Na2CO3 (aq), 65

�C; (ii) TFA/CH2Cl2 (1:1), rt; (iii) LiOH,
THF, MeOH, H2O (3:2:1), rt, then HCl (1N); (iv) Method B.
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anti-HCV activity and cytotoxicity; analogues 2–8 had
selectivity indices (SI) of less than 5. However, com-
pounds with 2,4-disubstituted phenylsulfonamides and/
or those with acyl moieties on 5-phenyl gave anti-HCV
replicon IC50’s of 5–13 mM with SI’s of about 12. The
lack of inhibition of HCV replication with methylsulfo-
nyl analogue 12 was surprising considering the level of
HCV polymerase inhibition (IC50 1.8 mM). This dis-
crepancy may be attributed to conformational differ-
ences that exist between the polymerase/homopolymeric
template/primer complex in the in vitro assay and the
cellular environment in the replicon assay where, in
addition to viral RNA template, the polymerase
enzyme is likely associated with viral and cellular pro-
teins. A recent report has provided evidence for mod-
ulation of HCV polymerase activity by NS3 and
NS4B.13 In addition, the inability of these compounds
to achieve sufficient intra-cellular concentration for
inhibition cannot be ignored at this point.

Regioisomers 13–14 were also less active (Table 2) than
the series of compounds depicted in Table 1. Other
3-amino derivatives such as amide, urea and carbamate
(15–18) were less active (Table 3). The 2,3,5 arrangement
of substituents on the thiophene scaffold appears to be
necessary for activity but whether this requirement is rela-
ted to the angles of bisection remains to be determined.14

In summary, a novel class of HCV NS5B polymerase
inhibitors has been identified and modification of the
lead has resulted in a series of potent polymerase inhi-
bitors and some of which also inhibited HCV sub-
genomic RNA replication. However, it is not clear at
this point why in some cases, in vitro inhibition of HCV
NS5B polymerase fails to translate into inhibition of
replicon RNA replication. Further studies in optimizing
this series of compounds are reported in the following
publication.15
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Table 1. NS5B Polymerase and replicon inhibition16

R Ar HCV NS5B Replicon Huh-7

polymerase
IC50 (mM)
IC50 (mM)
 CC50 (mM)
1
 14
2
 H
 5.4
 14
 80
3
 H
 13
 11
 24
4
 H
 5.2
 24
 76
5
 H
 7.4
 100
 112
6
 H
 4.6
 33
 79
7
 H
 4.1
 77
 92
8
 H
 0.75
 13
 54
9
 H
 1
 5
 57
10
 1.4
 12
 147
11
 0.39
 8
 100
12
 MeSO2
 1.8
 >100
 >200
Table 2. HCV polymerase activity of regiosomers16

Compd Position HCV NS5B polymerase
COOH
 NHSO2Ar
 Ph
 IC50 (mM)
13
 3
 2
 5
 20

14
 2
 4
 5
 >50
Table 3. Replacement of sulfonyl with a carbonyl moiety16

Compd X R HCV NS5B polymerase IC (mM)
50
15
 —
 2-Me
 14

16
 —
 4-Me
 12

17
 NH
 4-Cl
 >50

18
 O
 4-Cl
 13
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Chem.: Anti-Infective Agents 2002, 1, 163.

4. Kolykhalov, A. A.; Mihalik, K.; Feinstone, S. M.; Rice,
C. M. J. Virol. 2000, 74, 2046.

5. Dhanak, D.; Duffy, K. J.; Johnston, V. K.; Lin-Goerke,
J.; Darcy, M.; Shaw, A. N.; Gu, B.; Silverman, C.; Gates,
A. T.; Nonnemacher, M. R.; Earnshaw, D. L.; Casper,
D. J.; Kaura, A.; Baker, A.; Greenwood, C.; Gutshall,
L. L.; Maley, D.; DelVecchio, A.; Macarron, R.; Hof-
mann, G. A.; Alnoah, Z.; Cheng, H.; Chan, G.; Khande-
kar, S.; Keenan, R. M.; Sarisky, R. T. J. Biol. Chem.
2002, 277, 38322.

6. Hashimoto, H.; Mizutani, K.; Yoshida, WO0147883,
2001 and EP1162196, 2001.

7. (a) Chan, L.; Reddy, T. J.; Proulx, M.; Das, S. K.; Per-
eira, O.; Wang, W.; Siddiqui, A.; Yannopoulos, C.; Pois-
son, C.; Turcotte, N.; Drouin, A.; Alaoui, H. M. A.;
Bethell, R.; Hamel, M.; Bilimoria, D.; L’Heureux, L.;
Nguyen-Ba, N. J. Med. Chem. 2003, 46, 1283. (b) Reddy,
T. J.; Chan, L.; Turcotte, N.; Proulx, M.; Pereira, O. Z.;
Das, S. K.; Siddiqui, A.; Wang, W.; Poisson, C.; Yanno-
poulos, C. G.; Bilimoria, D.; L’Heureux, L.; Alaoui-
Ismaili, M. H.; Nguyen-Ba, N. Bioorg. Med. Chem. Lett.
2003, 13, 3341.

8. Wang, M.; Ng, K. N. S.; Cherney, M. M.; Chan, L.;
Yannopoulos, C. G.; Bédard, J.; Morin, N.; Nguyen-Ba,
N.; Bethell, R. C.; Alaoui-Ismaili, M. H.; James, M. N. G.
J. Biol. Chem. 2003, 278, 9489.

9. Krieger, N.; Lohmann, V.; Bartenschlager, R. J. Virol.
2001, 75, 4614.

10. 4-Chloro-2-methylbenzenesulfonyl chloride was prepared
by chlorosulfonylation of 3-chloro toluene according to a
procedure described by: Lohray, V. B.; Sunil, K. S.;
Akella, V.; Lohray, B. B.; Pamulapati, G. R.; Ramanu-
jam, R.; Parimal, M. WO0066562, 2000.

11. de Silva, S. O.; Reed, J. N.; Billedeau, R. J.; Wang, X.;
Norris, D. J.; Snieckus, V. Tetrahedron 1992, 48, 4863.

12. Bosch, E.; Kochi, J. K. J. Org. Chem. 1994, 59, 5573.
13. Piccininni, S.; Varaklioti, A.; Nardelli, M.; Dave, B.;

Raney, K. D.; McCarthy, J. E. G. J. Biol. Chem. 2002,
277, 45670.
14.

Regioisomers 4 and 13 were built with the MOE program.
(Chemical Computing Group Inc. MOE program, 2002.)
The conformers were minimized using the MMFF94s
force field using a gradient of 0.01 kcal/mol Å. The
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