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Abstract—A small chemical library has been synthesized and assayed for inhibition of HCV helicase activity. This study provides
the structure–activity relationship of the reported inhibitors, with emphasis placed on the aminophenylbenzimidazole moiety and
the linkers. Our data highlight the importance of preserving the aminophenylbenzimidazole core and the hydrophobic linkers for
biological activity. The development of a robust HCV helicase assay is also described. # 2001 Elsevier Science Ltd. All rights
reserved.

Introduction

Hepatitis C virus (HCV) infection is a major health
concern worldwide, with about 3% of the world popu-
lation infected.1 HCV is the principal pathogen of
transfusion-associated non-A non-B hepatitis.2 Infec-
tion with HCV results in acute or chronic hepatitis,
which could lead to liver cirrhosis and hepatocellular
carcinoma.3 There is no vaccine against HCV at pre-
sent. The current therapy using a-interferon alone or in
combination with ribavirin is not highly efficacious.4

Hence, there is an urgent drive towards the discovery of
other therapeutic targets and potent inhibitors for
development into anti-HCV drugs.

The HCV genome encodes a polyprotein which is pro-
cessed into 10 distinct structural and non-structural
(NS) proteins.4 Recently, much attention has been
paid to the NS3 protein which possesses serine pro-
teolytic activity at the N-terminus, helicase and
nucleotide triphosphatase activities at the C-terminus.
The helicase unwinds the nucleic acid duplexes, play-
ing a crucial role during the viral replication cycle.
Intervention of the helicase activity with chemical
ligands has the potential of terminating the HCV pro-
liferation.

There are only a few HCV helicase inhibitors reported so
far. ViroPharma Inc. patented two series of compounds

containing aminophenylbenzimidazole (1a–g) and ben-
zimidazole-like moieties (2) attached to symmetrical
linkers of different lengths (Fig. 1).5 The IC50’s of these
inhibitors are in the low micromolar range. Vertex
Pharmaceuticals Inc. reported several aminothiadiazo-
liums which also inhibit helicase activity but with lower
potency.6

The SAR study of the ViroPharma’s inhibitors has not
been described. It is imperative to identify the critical
pharmacophores to aid the design of potent helicase
inhibitors. Reported herein are the results of our pre-
liminary SAR study with emphasis placed on the
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Figure 1. The HCV helicase inhibitors reported by ViroPharma Inc.
*Corresponding author. Tel.: +65-874-1443; fax: +65-779-1117;
e-mail: mcbsimmm@imcb.nus.edu.sg



aminophenylbenzimidazole moiety and the linkers. The
development of a robust helicase assay is also described.

Synthesis

The necessity of having benzimidazole was firstly eval-
uated by replacement with benzoxazoles, benzothiazoles
and a pyridinoxazole. Five linkers with aromatic ring,
double bond, and aliphatic chains of various lengths are
selected for the study. The synthesis of these analogues
is outlined in Scheme 1. Aminophenols and thiophenols
reacted easily with p-aminobenzoic acid in the presence
of polyphosphoric acid to afford the corresponding
aminophenylbenzoxazoles and aminophenylbenzothia-
zoles 5 in 64–84% yields after recrystallization from
MeOH–H2O (Table 1).7

Subsequent coupling of aminophenylbenzothiazoles 5
with acid dichlorides furnished the products 6 (Fig. 2)
which precipitated spontaneously. The precipitates were
isolated by centrifugation. In order to assess the con-
tribution of benzene ring within the aminophenylbenz-
imidazole core to biological activity, a few diamides 7
were prepared by reacting the commercially available 2-
aminobenzimidazole with acid dichlorides. We are also
interested in probing whether the bioactivity could be
affected by changes in the linkers. This question was
addressed by preparing the aminophenylbenzimidazole-
derived diureas 8.8

In addition, other heterocycles such as furfurylamine,
tryptamine, 3-(aminomethyl)pyridine, aminobenzothia-
zoles and aminothiazoles shown in Figure 3 were also
reacted with acid dichlorides to provide the diamides.
Precipitation of products was induced by adding water
in some cases (amines 13, 16, and 18). Higher purity
(>95%) was observed in products that precipitated
spontaneously.9 Those products with purity higher than
85% were tested in the bioassay.

Biological Assay

The bacterial expression and purification of HCV NS3
helicase was carried out as reported in the literature.10

The helicase was found to be more than 95% pure as
determined by SDS-PAGE with Coomassie Blue stain-
ing. A double-stranded DNA template was prepared11

and used as the helicase substrate in our assay due to its
ease of handling. The helicase activity was determined
by monitoring the unwinding of the double-stranded
DNA template that resulted in the presence of single-
stranded DNA.12 Within 10 min, over 75%of the template
was observed as single-stranded DNA. In the absence of
enzyme, only double-stranded DNA was observed.

The compounds were assayed in duplicate for helicase
inhibition at a concentration of 25 mg/mL. Four known
inhibitors (1a, b, d, and e) were synthesized and included
in the assay as positive controls. They exhibited 75–93%
inhibition at the assay concentration of 25 mg/mL.

Results and Discussion

Of 66 compounds screened, there was no inhibition with
the majority of the aminophenylbenzoxazoles- and

Scheme 1. Synthesis of the aminophenylbenzothiazoles 5.

Table 1. The yields of compounds 5a–e

Compound Z Y R1 R2 % Yield

5a O CH H H 67
5b S CH H H 84
5c O N H H 64
5d O CH CH3 H 81
5e S CH H CH3 Commercially

available Figure 2. The diamides 6, aminobenzimidazole-derived diamides 7

and aminophenylbenzimidazole-derived diureas 8.
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aminophenylbenzothiazoles-containing compounds 6.
The aminobenzimidazole-derived diamides 7 showed 6–
13% inhibition whereas the aminophenylbenzimidazole-
derived diureas 8 (n=4 and 6) have 20 and 28% inhibi-
tory activity, respectively. Compounds 19 and 20 (Fig.
4) also displayed 14 and 10% inhibition, respectively.

There is a drastic decrease of potency after replacing the
benzimidazole moiety (1a–e) with benzoxazole 6a(i, ii,
iv, and v) and benzothiazole 6b(i–v) moieties. Similarly,
the biological activity is also reduced after deletion of
the benzene ring. Inhibition of compounds 7i–iv decrea-
ses tremendously as compared to the ViroPharma’s
inhibitors 1c–f. The linker also plays an important role as
replacement of the diamide linkage (1e,g) with diurea
(8i–ii) leads to diminished potency of the inhibitors.

The information derived from our SAR study shows
that the NH group within the benzimidazole ring, the

benzene group at the C-2 position of benzimidazole,
and the nature of the linker are essential for inhibitory
activity. Although the exact mechanism of the inhibition
is still not clear, it has been suggested that ViroPharma’s
inhibitors might compete with nucleic acids for the
substrate’s binding site. Thus, the NH group could
possibly interact with the enzyme through hydrogen
bonding while the benzene ring might be interacting
through hydrophobic interaction. It is hoped that the
biological evaluation carried out in this work would
provide further insight to the design of HCV helicase
inhibitors.
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