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Abstract—Some benzimidazolyl sulphones were synthesized and evaluated for their antiviral and antiproliferative properties.
Compound 10 displayed significant and selective activity against human cytomegalovirus (CMV), compound 14 showed activity
against varicella zoster virus (VZV). The compounds were further evaluated for inhibitory effect on the proliferation of murine
leukemia cells and human T-lymphocyte cells. Marked cytotoxicity was noted with different derivatives. Some structure–activity
relationships are discussed.
# 2002 Elsevier Science Ltd. All rights reserved.

Arylsulphones are a promising class of non-nucleoside
antiviral agents. Compounds such as Enviroxime and
Enviradene have been extensively studied and many
related analogues showed potent broad-spectrum anti-
viral activity against a range of both rhinoviruses and
enteroviruses.1�6 Aryl indolyl7�10 and aryl pyrrolyl-
sulphones10�12 appeared to be effective HIV-1 RT
inhibitors, that is, l-737–126 1, its derivative 2 and the
pyrrole 3. Recently some arylsulphonylthiophenes13

have been shown to display interesting antiviral and
antitumor activities. Previously we have synthesized a
series of N-benzenesulphonylbenzimidazoles related to
general structure 4.14,15 Two of them, 5 and 6 showed
good activity against two RNA viruses at micromolar
concentrations and were active against human tumor
cell lines. The presence of the ethylenic chain between
the two heterocycles and the position of the nitro group
in the benzenesulphonyl moiety may play a significant
role in their biological activity. Following this line of
research, we have synthesized other benzimidazolyl sul-
phones to gain further information about the structure–
activity relationship of this type of compounds. It
appeared interesting to study both the effect of shifting
of nitro group from para to meta position of the benze-
nesulphonyl moiety and the presence of two nitro
groups. Moreover, considering that the isopropyl-

sulphonyl function is the best substituent at the 1-posi-
tion in many benzimidazoles,1�6 we introduced in some
derivatives this moiety. In view of importance of an
alkoxycarbonyl group in some pyrrolyl aryl sul-
phones,10 we replaced in four derivatives the 2-pyr-
idylethyl moiety at the 2-position of the benzimidazole
ring by an ester function. We report herein the synthesis
of some N-sulphonylbenzimidazoles and the results of
their antiviral and antiproliferative activity.

Chemistry

The synthesis of compound 5,14 namely, 2-(2-pyr-
idylethyl) -N - (4-nitrobenzenesulphonyl) -benzimidazole
and of the corresponding 5,6 dichloro derivative 615 was
described previously. The reaction of 7 and 815 with
isopropylsulphonylchloride in pyridine at 0 �C gave the
N-isopropylsulphonylated benzimidazoles 9 and 10.

The sulphonates 11–14 were obtained by phase-transfer
condensation of 7, 8 with the appropriate benzenesul-
phonyl chlorides in the presence of potassium tert-but-
oxide and 18-crown-6 (Scheme 1).

Compounds 15, 1616 and 1717 have been reported in the
literature. Treatment of 17 with methanol in boiling
solution led to the ester 18. N-sulphonylated derivatives
19–22 were prepared by the same method used for the
synthesis of 11–14 (Scheme 2). All the compounds were
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purified by column chromatography using ethyl acetate/
petroleum ether 1/1 as eluent and were characterized by
NMR spectra and elemental analyses.

Results and Discussion

Antiviral activity

The N-sulphonylated benzimidazoles were evaluated for
their antiviral activity against Coxsackie B4 virus, influ-
enza A (H2, N2, H3, N2), B and respiratory syncytial virus

(RSV). However, no antiviral activity was noted against
any of these viruses. The compounds were also evaluated
against human cytomegalovirus (CMV, strains Ad-169
and Davis) and varicella-zoster virus (VZV, strains
OKA, YS, 07/1 and YS/R). As shown in Table 1, com-
pound 10 showed significant activity against CMV with
an IC50 values of 1.6 and 1.1 mg/mL ( strains Ad-169 and
Davis, respectively), and CC50 of 37 mg/mL. The selectiv-
ity index (CC50/IC50) of 10 was approximately 25 (range
15–20). Compound 14 was inhibitory to VZV at IC50

values ranking between 2–4 mg/mL with CC50 of 11 mg/
mL. The selectivity index of 14 ranged between 5 and 10.

Scheme 1. (a) Pyridine 0 �C, then 10 h rt, (b) t-BuOK, 18-C-6, THF, 4 h rt.

Scheme 2. (a) MeOH, reflux, 8 h; (b) t-BuOK, 18-C-6, THF, 4 h rt.
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These results lead to some considerations. The impor-
tance of substituents at the 2-position of the benzimi-
dazole ring is once more confirmed. The replacement of
the 2-pyridylethyl moiety with an ester function com-
pletely abolishes the biological activity (19–22). The
presence of two chlorine atoms at the 5 and 6 positions
is crucial; only the 5,6 dichloroderivatives (10 and 14)
are active. With regard to the N-1 position, the presence
of the isopropylsulphonyl group is suitable for antiviral
activity; compound 10 displays inhibitory activity against
CMV. In the N-benzenesulphonylated derivatives, the
position of the nitro group plays a significant role; the
active compound 14 bears this moiety at 3-position of the
phenyl ring. Lack of activity is observed when the nitro
is shifted to position 4 (compare 6 with 14; the IC50 for
6 could not adequately be interpreted at concentrations
>2 mg/mL because of interference with the normal cell
morphology at these concentrations). The presence of two
nitro groups results in complete abrogation of activity.

Antiproliferative activity

The compounds were further evaluated for their inhibi-
tory effects on the proliferation of murine leukemia cells
(L1210/0) and human T-lymphocyte cells (Molt 4 /C8
and CEM/0).18

The results of this study are shown in Table 2. Marked
cytostatic activity was noted with different derivatives,
in particular 6, 10, 11, 12 and 14. The compounds
bearing a dinitrobenzenesulphonyl group (11 and 12),
had the most potent antiproliferative action. This activ-
ity might be related to the reduction of the nitro groups
to an electrophilic nitrogen that induces oxidative
damage to DNA with a relatively high AT content. In
the mononitro series (6 and 14), the presence of the
chlorine atoms at 5 and 6 position was essential; the

corresponding nonhalogenated derivatives were inac-
tive. The position of the nitro group was an important
feature; replacement of this moiety from para to meta
position increased the inhibitory effect. The iso-
propylsulphonyl moiety also has a significant influence
on the proliferation of humam T-lymphocyte cells, but
only in the 5,6 dichlorobenzimidazole.

Conclusion

We conclude, therefore, that in this type of compounds,
the replacement of the 2-pyridylethyl moiety at the 2-
position of the benzimidazole with an ester function is
deleterious for both antiviral and antiproliferative
activity. Moreover, the activity against CMV and VZV
requires the presence of two chlorine atoms at the 5 and
6 position. These two halogens are important but non

Table 1. Activity of N-sulphonylbenzimidazoles against human cytomegalovirus (CMV) and varicella-zoster virus (VZV) in human embryonic lung

(HEL) cells

Antiviral activity IC50 (mg/mL)a Cytotoxicity (mg/mL)

CMV TK+VZV TK�VZV Cell morphology (MCC)b Cell growth (CC50)
c

Compd Ad-169 Davis YS OKA 07/1 YS/R

5 13 13 13 >20 >20 3 >50 �20 >50 >50
6 >5 >5 >5 >5 >5 >2 20 �5 >50 >50
9 12 11 >20 >20 >20 >20 >50 50 >50 >50
10 1.6 1.1 >5 >5 >5 2 �50 20 37 37

2.5 2.0 50
11 30 32 >20 >20 >20 >20 >50 50 32 32
12 9 8 >5 >5 >5 >5 50 20 7 7
13 14 20 >2 >2 >2 >2 50 5 50 50
14 20 >20 4 3 4 2 50 20 11 11
19 >50 >50 >50 >50 >50 >50 >50 >50 >50 >50
20 >50 >50 >50 >50 43 20 >50 >50 >50 >50
21 >50 50 50 >50 >20 20 >50 >50 >50 >50
22 >50 >50 >50 >50 >50 >50 >50 >50 >50 50

Ganciclovir 0.3 0.4 >50 >50
Cidofovir 0.1 0.3 >50 >50
Acyclovir 0.38 0.35 6.5 3.1 >50 >200
Brivudin 0.003 0.002 6.8 6.4 >50 >200

aConcentration required to reduce virus plaque formation by 50%. Virus imput was 100 plaque forming units (PFU) for CMV and 20 PFU for VZV.
bMinimum cytotoxic concentration that causes a microscopically detectable alteration of normal cell morphology.
cCytotoxic concentration required to reduce cell growth by 50%.

Table 2. Antiproliferatve activity of N-sulphonylbenzimidazoles

against murine leukemia cells and human T-lymphocyte cells

Compd IC50 (mg/mL)a

L1210/0 Molt 4/C8 CEM/0

5 >200 >200 �200
6 5.4�0.3 2.6�0.2 2.8�0.4
9 140�84 83�36 103�32
10 17 �1 7.1�1.1 5.4�1,8
11 2.1�1.9 2.6�0.5 3.4�1.2
12 4.6 �0.0 3.6�1.7 5.2�3.5
13 18 �0.4 15�1 16�1
14 4.1�0.05 1.0�0.0 1.5�0.04
19 >200 >200 >200
20 172�39 170�29 98 �14
21 �200 155�64 158�60
22 >200 >200 >200

aConcentration required to inhibit cell growth by 50%.
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essential for antiproliferative action. On the contrary, the
position of the nitro group and the presence of two nitro
groups have a significant role in the cytostatic effect.
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