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Abstract—Substituted 5-benzyl-2-phenyl-5H-imidazo[4,5-c]pyridines represent a novel class of compounds with activity against pes-
tiviruses and the hepatitis C virus (HCV). Several series of analogues with modifications of the substituents in positions 2 and 5 were
prepared. These efforts resulted in the discovery of several compounds with potent antiviral activity of which 2-(2,3-difluorophenyl)-
5-[4-(trifluoromethyl)benzyl]-5 H-imidazo[4,5-c]pyridine (46) was most potent against HCV (ECsq of 0.10 M and a selectivity index

of 1080).
© 2007 Elsevier Ltd. All rights reserved.

Worldwide more than 170 million people are chronically
infected with the hepatitis C virus and thus at increased
risk of developing serious life-threatening liver disease
(including chronic hepatitis, cirrhosis and hepatocellular
carcinoma). Current standard therapy for chronic hepa-
titis C consists of the combination of pegylated IFN-o
2a in combination with ribavirin. However, this therapy
is only effective in 50-60% of the patients and associated
with serious side-effects.!> There is, therefore, an urgent
need for potent and non-toxic drugs for the treatment of
HCV infections.

We recently reported on the identification of a class of
imidazo[4,5-c]pyridine analogues with potent anti-pesti-
virus activity.>* Pestiviruses belong, together with the
flaviviruses and HCV, to the family of the Flaviviridae.
Introduction of a fluorine atom in position 2 of the
phenyl of 5-(4-bromobenzyl)-2-phenyl-5H-imidazo[4,5-
c]pyridine resulted in a compound with not only anti-
pesti (bovine viral diarrhoea virus (BVDV)) but also
anti-HCV activity (compound 1, Table 1).> To further
understand the structure—activity relationships for
HCV within this class of compounds and to identify
analogues with improved anti-HCV activity, we have
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synthesized® several sets of substituted 5-benzyl-2-phe-
nyl-5H-imidazo[4,5-c]pyridines.

First we have introduced additional substituents start-
ing from the lead compound 1. An additional fluorine
on the 2-phenyl was well tolerated with respect to
anti-BVDV activity,” but only the 2,3-difluoro ana-
logue 2 was active against HCV in a subgenomic
HCYV replicon system® with slightly improved activity
and selectivity, compared to the lead compound (com-
pounds 2-5, Table 1). The 2,3,6-trifluoro analogue 6
was less active than the lead compound 1 both against
BVDV and HCV. Introduction of a chlorine in posi-
tion 3 of the 2-phenyl resulted in an analogue (7) with
excellent anti-BVDV but slightly reduced anti-HCV
activity. Introducing a trifluoromethyl group in the
same position resulted in reduced antiviral activity
(compound 8). Interestingly, an additional fluorine
in position 2 of the 5-benzyl improved anti-BVDV
activity but was detrimental for anti-HCV activity
(compound 9).

In the second series the substituent on the 5-benzyl res-
idue was modified (Table 2). In general, these modifica-
tions did not affect the anti-BVDV activities with the
exception of 4-carboxy analogue 19. The unsubstituted
analogue 10 and all three methyl-substituted compounds
(11-13) proved inactive against HCV. All other ana-
logues prepared were substituted in position 4 of the
benzyl. From these the 4-isopropyl (14), the 4-tert-butyl
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Table 1. Structure, anti-BVDYV activity, anti-HCV activity and cytotoxic/cytostatic activity of compounds 1-9

F
=N
N A~
R2 R'
Br
Compound R! R? BVDV HCV
ECso" (uM) CCso* (M) SI® ECso" (M) CCso® (UM) SI®
1 H H 0.12 £ 0.01 >33 >275 3.0+ 1.6 136 £42 45
2 3-F H 0.24 £0.12 >104 >433 0.60 £0.2 >55+27 >92
3 4-F H 0.50 £ 0.28 >104 >208 45+£22 65 1.4
4 5-F H 0.08 £ 0.04 >104 >1300 75 115 1.5
5 6-F H 0.48 £0.27 >104 >217 75 80 1.07
6 3,6-F» H 0.53£0.10 >104 >196 69 77 1.1
7 3-Cl H 0.12 £ 0.04 >104 >867 1.2+13 36 +1.7 30
8 3-CF; H 612 >104 >17 47+ 11 >125 >2.38
9 H F 0.050 £ 0.02 >104 >2080 >52 52 n.a.
#Data (for active compounds) are mean values + standard deviation for 4-6 independent experiments.
®In vitro selectivity index (CCso/ECs).
Table 2. Structure, anti-BVDYV activity, anti-HCV activity and cytotoxic/cytostatic activity of compounds 10-28
F
-0
N A~
R
Compound R BVDV HCV
ECs0" (uM) CCsy" (LM) SI® ECs" (uM) CCsy" (LM) SI®
10 H 0.29 £ 0.09 >52 >179 >162 162 n.a.
11 2-CH; 0.29 £ 0.08 >104 >359 95 101 1.06
12 3-CH; 0.25£0.11 >104 >416 >85 85 n.a.
13 4-CH; 0.20 £ 0.10 >104 >520 >91 91 n.a.
14 4-Isopropyl 0.36 £0.17 75 208 0.080 £ 0.009 10£6 125
15 4-tert-Butyl 0.68 = 0.07 61 89 0.30£0.2 16 53
16 4-Ph 0.10 £ 0.04 40 400 0.60 £ 0.08 6 10
17 4-CF; 0.25+0.09 >104 >416 0.20 £ 0.1 43 £ 30 215
18 4-CN 0.27 £0.10 >104 >385 >152 >152 n.a.
19 4-COOH 21+4 >104 >5 >144 >144 n.a.
20 4-CH,OH 0.69 £0.14 >104 >151 >150 >150 n.a.
21 4-CH,OCH3; 0.67 £0.24 >104 >155 >144 >144 n.a.
22 4-F 0.25+0.14 >104 >416 >121 121 n.a.
23 4-OCH; 0.11 £0.04 >104 >945 84 129 1.53
24 4-OCF; 0.18 £0.08 83 454 0.20 £0.03 26+ 1.5 130
25 4-Benzyloxy 0.40 £ 0.13 >104 >260 1.0+0.8 24+2 24
26 4-SCF; 0.52£0.08 >104 >200 0.30£0.2 40£10 133
27 4-NO, 0.16 £ 0.08 >104 >650 115 >144 >1.25
28 4-NH, 0.60 £ 0.20 >104 >173 107 148 1.38

#Data (for active compounds) are mean values + standard deviation for 4-6 independent experiments.

®In vitro selectivity index (CCso/ECso).

(15), the 4-trifluoromethoxy (24) and the 4-benzyloxy
analogue (25) had the best antiviral activity. The 4-phe-
nyl analogue (16) was active but also more toxic with a
selectivity index of only 9. All other 4-substituted ana-
logues proved more or less inactive.

Replacing the 4-bromophenyl part of the 5-(4-bromo-
benzyl) substituent by 2- or 3-pyridyl (29 and 30)
resulted in analogues without anti-HCV activity and
reduced anti-BVDV activity. The 5-cyclohexylmethyl
analogue 31 and the 5-(2-phenoxyethyl) analogue 32
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Table 3. Structure, anti-BVDYV activity, anti-HCV activity and cytotoxic/cytostatic activity of compounds 29-32
F
gssv

(N A~

R
Compound R BVDV HCV

ECs" (M) CCso® (1M) sI® ECso" (M) CCso" (WM) SI®

29 2-Pyridyl 45+23 >104 >23 >164 >164 n.a.
30 3-Pyridyl 23%1.2 >104 >44 >164 >164 n.a.
31 Cyclohexyl 0.61 £0.05 >104 >170 84 97 1.15
32 Phenoxymethyl 0.28 £0.08 >104 >371 48 £27 96 + 33 2

#Data (for active compounds) are mean values + standard deviation for 4-6 independent experiments.

®In vitro selectivity index (CCso/ECs).

were active against BVDV but devoid of activity against
HCYV (Table 3).

Combining the above findings resulted in analogues with
further improved activity against HCV (Table 4). In par-
ticular the combination of 2-(3-halo-2-fluorophenyl)
with 5-(4-(trifluoromethoxy)benzyl) or 5-(4-(trifluoro-

methyl)benzyl) resulted in compounds with potent
anti-HCV activity (33, 34, 46 and 47, respectively). An
additional methyl or methoxy function in position 3 of
the 2-phenyl resulted in compounds with reduced activ-
ity against HCV (36, 37, 48 and 49). Similar to the
results obtained with fluorine substitution, an additional
chlorine in position 4, 5 or 6 of the 2-(2-fluorophenyl)

Table 4. Structure, anti-BVDV activity, anti-HCV activity and cytotoxic/cytostatic activity of compounds 33-56

R1
/
R2

RS

Compound R! R R3 BVDV HCV

ECso" (M)  CCs* (uM)  SI° ECso" (WM)  CCs* (uM)  SI°
33 F 3-F OCF; 0.20 £ 0.02 >100 >500 0.20+£0.03 81 405
34 F 3-Cl OCF; 0.38 £0.19 >104 >274 0.20 £0.16 >119 >595
35 F 3-Br OCF; 0.49+0.21 >104 >212 0.30 £ 0.08 28%2 93
36 F 3-CH; OCF; 0.32£0.11 78 246 52%0.3 40 + 21 7.6
37 F 3-OCHj; OCF; 0.56 £0.24 >104 >186 53+ 14 >120 >2.27
38 F 4-Cl OCF; 1.7+£0.8 >104 >62 76 + 1.7 >119 >1.56
39 F 5-Cl OCF; 0.32+0.12 >104 >325 7.7+5.7 >119 >15
40 F 5-CH; OCF; 0.29 £0.09 >104 >359 0.50 £0.15 >125 >250
41 F 5-OCHj; OCF; 0.27+£0.12 >104 >385 1.3£0.6 58 44
42 F 6-Cl OCF; 39+1.7 92 23 36 73 2
43 F 6-OCHj; OCF; 0.69 £0.14 91 132 43+ 14 62 1.4
44 CF; H OCF; 5.7%+4.8 75 13 39+45 48 £3.2 1.23
45 OCHj; H OCF; 0.050 £ 0.03 26 520 11£1.8 14+1.7 1.27
46 F 3-F CF; 0.72£0.19 >104 >144 0.10 £0.013 108 1080
47 F 3-Cl CF; 0.44 £0.22 >104 >236 0.30 £0.17 121 403
48 F 3-CH; CF; 0.38 £0.15 >104 >274 16+ 0.8 70 4.4
49 F 3-OCHj; CF; 0.37 £0.10 75 203 27 55 2
50 F 5-CH; CF; 0.23£0.10 >104 >452 1.3+1.03 39 30
51 F 3-F Isopropyl 0.80 £0.16 >104 >130 0.30 £ 0.069 33 110
52 F 3-Cl Isopropyl 0.72 £0.06 >104 >144 0.70 £0.21 47 67
53 F 5-CH; Isopropyl 0.83 £0.08 89 107 1.6 1.11 45 28
54 F 3-Cl Cl 0.18£0.14 >104 >578 4.94 30 6
55 F 3-Cl 1 0.14 £0.07 >104 >743 0.43£0.24 22 50
56 F 3-Cl tert-Butyl 0.71 £0.26 68 96 0360 25 71

#Data (for active compounds) are mean values + standard deviation for 4-6 independent experiments.

®In vitro selectivity index (CCso/ECs).
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substituent resulted in analogues with reduced anti-
HCYV activity (38, 39 and 42). Introduction of a methyl
group in position 5 of the 2-phenyl was tolerated in view
of anti-HCV activity (40, 50), whereas a methoxy group in
the same position resulted in reduced activity against this
virus (41). Analogues with an isopropyl group in position
4 of the benzyl (51-53) were less active than the corre-
sponding 4-trifluoromethoxy or 4-trifluoromethyl ana-
logues, as were the analogues with chlorine, iodine or
tert-butyl (54-56). Substituting the fluorine in position 2
of the phenyl in compound 24 by trifluoromethyl or meth-
oxy resulted in analogues with reduced activity (44 and 45,
respectively). Again, most of the modifications were well
tolerated with respect to anti-BVDYV activity.

This class of compounds was shown to target HCV
polymerase. The exact molecular mechanism by which
these compounds inhibit HCV replication will be pub-
lished elsewhere. We reported earlier on the fact that
the anti-pestivirus activity of this class of compounds
can be explained by an interaction at the tip of the fin-
gerdomain of the pestivirus polymerase.*

In summary, we have prepared several sets of analogues
of the lead compound 1 with modifications both at the
2-phenyl and 5-benzyl position. Whereas many modifi-
cations were well tolerated with respect to anti-BVDV
activity, only few modifications resulted in analogues
with anti-HCV activity. Combination of these findings
allowed us to synthesize analogues (e.g., 34 and 46) with
potent and selective activity on HCV replication.
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