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Antiviral 2,5-disubstituted imidazo[4,5-c]pyridines:
From anti-pestivirus to anti-hepatitis C virus activity
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Abstract—A novel class of inhibitors of the hepatitis C virus [substituted 2-(2-fluorophenyl)-5H-imidazo[4,5-c]pyridines] is
described. Introduction of a fluorine in position 2 of the 2-phenyl substituent of the lead anti-pestivirus compound 1 (5-[(4-brom-
ophenyl)methyl]-2-phenyl-5H-imidazo[4,5-c]pyridine) resulted in an analogue with selective activity against HCV in the subgenomic
replicon system.
� 2006 Elsevier Ltd. All rights reserved.
Hepatitis C virus (HCV) is an enveloped single stranded
(+) RNA virus that belongs to the separate genus
Hepacivirus of the family Flaviviridae.1 HCV causes
acute and chronic liver disease, including chronic hepa-
titis, cirrhosis, and hepatocellular carcinoma.2 World-
wide more than 170 million people are chronically
infected with HCV3 and are thus at increased risk of
developing serious life-threatening liver disease. Current
standard therapy for chronic hepatitis C consists of
pegylated IFN-a 2a in combination with ribavirin.4

The bovine viral diarrhea virus (BVDV) is the prototype
of the Pestivirus genus of the Flaviviridae family. BVDV
is a major pathogen of cattle and causes a range of clin-
ical manifestations varying from subclinical symptoms
to death.5 For the United States alone this translates
roughly into a loss of $10 to 40 million per million
calvings.6

We have recently reported on 5-benzyl-2-phenyl-5H-
imidazo[4,5-c]pyridines as a new class of anti-pestiviral
compounds.7,8 Modification of the substitution pattern
on the 5-benzyl substituent resulted in an analogue (1)
with high activity and selectivity against BVDV, but this
analogue was inactive against HCV.
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To further understand the structure–activity relation-
ships within this class of compounds and to further opti-
mize the antiviral activities we have synthesized
additional analogues with modifications in position 2
of the imidazo[4,5-c]pyridine ringsystem, keeping the
5-(4-bromobenzyl) substituent as a constant. In a first
effort, we have introduced substituents into the 2-phenyl
(compounds 2–17, Table 1).9 With respect to anti-
BVDV activity, most substituents were tolerated, result-
ing in analogues with similar or slightly reduced activity,
with the exception of the 3,5-dibromo analogue 17,
which turned out to be totally inactive against BVDV.
Surprisingly, the 2-fluoro analogue 8 exhibited potent
and selective activity against HCV in the replicon
system.12

In a second set of analogues (Table 2) the 2-phenyl ring
was replaced by ethyl (compound 18), naphthyl or a
(substituted) heterocycle (compounds 19–25), or a linker
was introduced between the central imidazo[4,5-c]pyri-
dine and the 2-phenyl substituent (compounds 26–32).
The 2-ethyl analogue 18 showed reduced anti-BVDV
activity and was inactive against HCV. The 2-naphthyl
analogue 20 was more active than its 1-naphthyl isomer
19 against BVDV, but was also somewhat more cytotox-
ic. All heterocyclic analogues exhibited anti-BVDV
activity, whereas only the 2-pyridyl analogue 21 exhibit-
ed anti-HCV activity, being more cytostatic than the 2-
(2-fluorophenyl) analogue 8. Introduction of a linker
resulted in compounds that were inactive against BVDV
with the exception of the 2-(E)-styryl analogue 32. None
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Table 1. Structure, anti-BVDV activity, anti-HCV activity, and cytotoxic/cytostatic activity of compounds 1–17

N N

N

Br

R

Compound R BVDV HCV

EC50
a (lM) CC50

a (lM) SIb EC50
a (lM) CC50

a (lM) SIb

1 H 0.070 ± 0.02c 83 ± 20 1186 >38 38 n.a.

2 2-CH3 0.061 ± 0.009 >33 >541 24 21 n.a.

3 3-CH3 0.06 ± 0.04 23 372 >11 11 n.a.

4 4-CH3 0.4 ± 0.2 21 53 8.2 13 2

5 2-Cl 0.33 ± 0.05 >33 >100 25 43 2

6 3-Cl 0.15 ± 0.08 >33 >220 83 >125 >2

7 4-Cl 0.7 ± 0.1 >33 >47 13 17 n.a.

8 2-F 0.12 ± 0.01 >33 >275 1.0 ± 0.6 52 ± 16 52

9 3-F 0.04 ± 0.01 >33 >825 >44 44 n.a.

10 4-F 0.17 ± 0.06 >33 >194 31 37 n.a.

11 2-Br 0.5 ± 0.2 >33 >66 21 36 2

12 3-Br 0.11 ± 0.02 >33 >300 >113 >113 n.a.

13 3-OCH3 0.05 ± 0.02 >33 >660 18 28 2

14 3-N(CH3)2 0.14 ± 0.01 24 171 >79 79 n.a.

15 3-I 0.4 ± 0.1 >33 >83 5.7 12 2

16 3-CF3 0.5 ± 0.1 >33 >72 23 >116 >5

17 3,5-Br2 >33 >33 n.a. >96 >96 n.a.

The EC50 (50% effective concentration) is the concentration of compound that offered 50% protection of the cells against virus-induced cytopathic

effect or the 50% reduction of luciferase signal in case of HCV.

The CC50 (50% cytostatic concentration) is the concentration that inhibited the proliferation of exponentially growing cells by 50%. n.a., not active.
a Data (for active compounds) are mean values ± SD for 4–6 independent experiments.
b In vitro selectivity index (CC50/EC50).
c The here reported value does not significantly differ from the reported value.8

Table 2. Structure, anti-BVDV activity, anti-HCV activity, and cytotoxic/cytostatic activity of compounds 18–32

N N

N
R

Br

Compound R BVDV HCV

EC50
a (lM) CC50

a (lM) SIb EC50
a (lM) CC50

a (lM) SIb

18 Ethyl 0.38 ± 0.09 >33 >87 >92 92 n.a.

19 1-Naphthyl 0.3 ± 0.2 23 77 9.7 12 n.a.

20 2-Naphthyl 0.030 ± 0.009 7 259 5. 7 9.7 2

21 2-Pyridyl 0.10 ± 0.02 10 96 0.35 ± 0.3 5.2 ± 1.9 15

22 3-Pyridyl 0.16 ± 0.01 >33 >206 109 126 n.a.

23 4-Pyridyl 0.47 ± 0.07 >33 >70 14 38 3

24 2-Thienyl 0.04 ± 0.02 >33 >825 >35 35 n.a.

25 5-Bromo-2-thienyl 0.6 ± 0.4 >33 >55 >18 18 n.a.

26 Benzyl >33 >33 n.a. 79 >132 >2

27 2-Phenylethyl >16 16 n.a. 2.5 7.6 3

28 3-Phenyl-1-propyl 3 ± 1 22 8 7.4 12 2

29 4-Phenyl-1-butyl >5 5 n.a. >2.2 2.2 n.a.

30 Phenoxymethyl >8 >33 4 25 35 1.5

31 Phenylthiomethyl >25 25 n.a. 4.9 9.7 2

32 (E)-styryl 0.16 ± 0.08 14 88 1.7 2.5 >2

The EC50 (50% effective concentration) is the concentration of compound that offered 50% protection of the cells against virus-induced cytopathic

effect or the 50% reduction of luciferase signal in case of HCV.

The CC50 (50% cytostatic concentration) is the concentration that inhibited the proliferation of exponentially growing cells by 50%. n.a., not active.
a Data (for active compounds) are mean values ± SD for 4–6 independent experiments.
b In vitro selectivity index (CC50/EC50).
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Table 3. Structure, anti-BVDV activity, anti-HCV activity, and cytotoxic/cytostatic activity of compounds 33 and 34

N N

N

R

F

Compound R BVDV HCV

EC50
a (lM) CC50

a (lM) SIb EC50
a (lM) CC50

a (lM) SIb

33 Cl 0.11 ± 0.05 >33 >300 44 68 1.5

34 I 0.07 ± 0.02 >33 >478 0.79 58 74

The EC50 (50% effective concentration) is the concentration of compound that offered 50% protection of the cells against virus-induced cytopathic

effect or the 50% reduction of luciferase signal in case of HCV.

The CC50 (50% cytostatic concentration) is the concentration that inhibited the proliferation of exponentially growing cells by 50%.
a Data (for active compounds) are mean values ± SD for 4–6 independent experiments.
b In vitro selectivity index (CC50/EC50).
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of these analogues exhibited significant anti-HCV
activity.

In an attempt to further prove the importance of the 2-
fluoro substituent in compound 8 on HCV activity, two
5-(4-halobenzyl) analogues (33 and 34) were prepared
(Table 3). Both of these proved active against BVDV,
but only the iodo analogue 34 was active against
HCV. The size of the substituent at position 4 of the
5-benzyl may thus be a critical component of the anti-
HCV activity of this class of compounds.

In summary, introduction of a fluorine in position 2 of
the 2-phenyl substituent of the lead compound 1 result-
ed in analogues with activity against hepatitis C virus.
Interestingly, the structure–activity relationships for this
class of compounds against BVDV and HCV are rather
different. We show here, for the first time, that the
appropriate modification of a scaffold of non-nucleoside
inhibitors of pestiviruses may result in compounds with
activity against the related HCV. We have thus identi-
fied, to the best of our knowledge for the first time,
non-nucleoside compounds that exhibit potent activity
against both pestiviruses and HCV. We recently re-
vealed that imidazo[4,5-c]pyridines inhibit pestivirus
replication by targeting the viral polymerase in the close
neighborhood of residue F224.8 Since (i) the loop do-
main of the BVDV RdRp that carries the F224 residue
is absent in the HCV RdRp and (ii) the conformation
of the finger domain of the RdRp polymerase is different
from that of the BVDV polymerase,13 it is conceivable
that the precise molecular mechanism by which these
compounds inhibit the replication of BVDV and HCV,
respectively, is different. This will be subject of further
investigation.
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