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Abstract: Phthalic anhydride on heating with f-ethanolamine (cholamine) at 210°C furnished 2-(2-hydroxyethyl)-isoindol-1,3-dione
(1) which reacted with 2-chlorobenzoic acid in H,SO, to give 2-chloro-4-[2-(1,3-dioxo-1,3-dihydro-isoindol-2-yl) ethyl] benzoic acid (2).
Reaction of 2 with o-phenylenediamine in dry pyridine afforded 2-{2-[4-(IH-benzimidazol-2-yl)-3-chlorophenyl] ethyl} isoindol-1,3-dione
(3), which on condensation with amido/imidoalcanols resulted in 2-(2-{3-chloro-4-[1-(arylamidol/ imidoalkyl)-l Hbenzimidazol-2-yl]
phenyl} ethyl)-isoindol-1,3-diones (4). Compounds 4 were evaluated for their antiviral activity against Japanese Encephalitis Virus

(JEV), a highly human pathogenic virus.
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1. Introduction

The first genuine benzimidazole derivative to find clinical
application was 2-(hydroxybenzyl)-benzimidazole (HBB).
This is the selective inhibitor of RNA containing
enteroviruses, although lymphocytic choriomeningitis virus
and Aren virus are also inhibited to a certain degree?.
Another benzimidazole compound to find FDA approval is
enviroxime, which is generally used against common cold. It
has antiviral effect against rhino, Coxsackie, echo, and
polioviruses. It prevents viraluncoating and inhibits viral
RNA polymerase from acting on late phase replication®,
Another significant benzimidazole compound in this class of
chemicals is 5,6-dichloro-I-B-ritJofuranosyl benzimidazole
which is inhibitory in vitro to both RNA and DNA viruses®.
It is very interesting that this compound is an enhancer of
interferon inductions®. A modified structure of HBS viz; 1,2-
bis-(5-methoxy-2-benzimidazole-2-yl) 1,2-ethane diol has
been shown to have antiviral activity in vivo and in vitro; the
animal test being a rhinovirus infection experimentally
induced in chimpanzees®”.

Benzimidazoles as antiviral agents are effective mainly
against RNA viruses and inhibit the formation of virus
induced RNA polymerase, thereby preventing or retarding
RNA synthesis®. The mode of action of benzimidazoles is
rather more interesting. It is thought that the benzimidazoles
readily take part in intermolecular hydrogen bonding®. These
compounds form H-bonding structures linked by either HO--
---OH bonds or N----H-O bonds and they also form copper
chelates'®. This suggests that the highly specific H-bonding
or possible metal chelation involving a benzimidazole
compound and a macromolecule (either viral DNA itself or a
specific enzyme required in its formation) might result in
inhibition of RNA synthesis™. These valid observations
prompted the authors to undertake the synthesis of 2-(2- {3-
chloro-4-[I-( aryl-amido/ inidoalkyl)-IH-benzimidazoi-2-yl]

phenyl} ethyl) isoindol-1,3-diones as target compounds for
assaying their anti-viral activity against Japanese
Encephalitis Virus (JEV) that is a highly human pathogenic
virus.

Heating an equimolar mixture of phthalic anhydride and (-
ethanolamine (cholamine) at 210°C for 30 minutes yielded
2-(2- hydroxyethyl)-isoindol-1,3-dione (1) in quantitative
yield. The intermediate 2 was synthesized by the interaction
of 1 and 2-chforobenzoic acid in concentrated sulphuric
acid.

This is an C-amidoalkylation reaction as suggested by
Tscherniac™. The reaction of 3 with o-phenylenediamine in
dry pyridine solvent afforded a benzimidazole compound 3
which underwent a Mannich type reaction with arylamido/
imidoalcanols to furnish 4. All the intermediates and the
target compounds 4 were characterized on the basis of their
elemental analysis, IR, 1 'HNMR, “CNMR and mass
spectral data.

Antiviral activity

All the four compounds (4a - 4d) were bioevaluated for their
antiviral activity against Japanese Encephalitis Virus (JEV),
an RNA virus of greater pathogenecity in vitro. Cytotoxicity
and antiviral assay of the compounds were performed by the
standard method of Sidwell and Huffmann®®. For carrying
out cytotoxic studies, confluent monolayer of vero cells were
loaded with two fold serial dilutions of the investigational
compound and a dose of 500 - 4 pg/ml/ well was tested for
each compound. The solution of each compound was made
in Foetal Bovine Serum (FBS), pH 7.2. The treated cultures
were incubated for a period of24 hr at 37°C and after
incubation the plates were examined for the evidence of
cytotoxicity such as distortion, swelling, and sloughing of
cells. In order to study the antiviral activity in vitro, 0.1 ml
of virus (10TCIDs, mlI™*) was allowed to adsorb for 90
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minutes in cell monolayers at 37°C.

The unadsorbed virus was removed by decanting the micro-
titre plates and washing each well with 0.1 ml Minimum
Essential Medium (MEM). Subsequently, 0.1 ml of MEM
with 2.5 FBS was added to each well. Non-toxic dilutions
varying from 125 - 8 pg/ ml/ well of the compounds to be
investigated were added to appropriate wells. Each dilution
was tested in duplicate and each panel included virus control
(containing MEM with 2.5% serum, which had already been
adsorbed for 90 minutes) and cell control (containing only
MEM with 2.5% serum). The microplates were incubated at
37°C for 72 hr and examined microscopically for the
evidence of Cytopathic Effect (CPE) caused by the viruses
and their inhibition by the examined compound as compared
to untreated virus control well which showed about 100%
CPE within 72 hr at 37°C.

Two benzimidazole compounds viz; 4a and 4d showed
measurable level of antiviral activity in vitro. Compound 4a
showed 50% CPE inhibition while compound 4d displayed a
slightly low order of percent CPE inhibition (30%). Other
two compounds of the series (4b and 4c) were found less
significant with the anti-JEV activity point of view since
these compounds were found unable to provoke any
observable level of antiviral activity against JEV. It is very
interesting to observe here that phthalimido methyl (4a) and
phthalimido ethyl (4d) substituted compounds are more
appropriate in eliciting the antiviral activity than the
benzamido and nicotinamido substituted compounds.

2. Experimental

Melting points were determined in open. capillary tubes in
an electrical Toshniwal melting point apparatus and the
values reported herein are uncorrected. The purity of
compounds was checked by the TLC using silica gel-G
(Acme). IR spectra were recorded on an FT-IR Perkin Elmer
(model); spectrophotometer in KBr discs (cm™), The
'"HNMR and *CNMR spectra were recorded on a DPX-200
Bruker FT-NMR spectrometer at 300 MHz and 50 MHz,
respectively. Chemical shifts are expressed in &-scale
downfield from TMS (internal standard). The FAB mass
spectra were recorded on JEOL SX 102/ DA-600 mass
spectrophotometer data system using Argon Xenon (6 KV
10 mA) as the FAB gas.

2-(2-Hydroxy ethyl)-isoindol-1 ,3-dione(1),2-chloro-4-[2-(l
,3-dioxo-1,3-dihydro-isoindol-2-yl)ethyl]-benzoic acid (2)
and arylamido imidoalcanols were synthesized following the
literature methods™**®,

2-{2-[4-(1H-BENZIMIDAZOL-2-YL) 3-
CHLOROPHENYL] ETHYL} ISOINDOL-I,3-DIONE
©)

A solution of 2-chloro-4-[2-(I ,3-dioxo-1,3-dihydro-isoindol-
2-yl) ethyl] benzoic acid (2) (0.02 mole) and o-
phenylenediamine (0.02 mole) in anhydrous pyridine (50
ml) was heated under reflux for 6 hr under anhydrous
conditions of reaction.

The solution was allowed to cool at room temperature and
poured into dil. Hel (100 ml). Solidification occurred and the

resulting solid was filtered off. It was washed with cold
water in order to remove the adhered pyridine. The crude
benzimidazole compound thus obtained was dried under
vacuum and recrystallization from dil. ethanol gave a light
brown compound in the crystalline form, It melted at 210°C;
yield, 75%.

IR(KBr): 3100 and 3400 (sec. NH-str.), 1695 (imide C=0

str.), 1640 (C=N str.), 714 (C-CI str.). '"HNMR (CDCly):
6.75- 7.90 (m, 11H, ArH) , 3.65 (t, 2H, N-CH,),

3.50 (t, 2H, C-CH,). ®CNMR (CDCI;): 55.50, 70.25,

117.50, 119.50, 121.50, 125.18, 127.52, 129.09, 130.40,

139.71, 144.14, 168.50, 175.25.

Mass (FAB) (m/ 2): 401 (M%), 403 (M*?) 105 (Base Peak).

2-(2-{3-CHLORO-4-[1-(ARYL-
AMIDO/IMIDOALKYL)- 1H-BENZIMIDA ZOL-2-YL]
PHENYL} ETHYL) ISOINDOL-I,3- DIONES (4)
Synthesis of (4) involved the formation of a new carbon-
nitrogen bond. A mixture consisting of 2-{2-[4-(IH-
benzimidazol-2-yl)-3- chlorophenyl] ethyl} isoindol-Li-
dione (3) (0.01 mole) and an arylamido/ imidoalcanol (0.01
mole) was dissolved in cone, H,SO, (50 ml) by stirring
carefully and cautiously. The contents were allowed to cool
occasionally during the course of the dissolution of the
contents. Subsequently, the resultant dark acidic solution
was stirred mechanically for one hour and refrigerated
overnight. Pouring into the ice-cold water resulted in the
separation of a solid, which was allowed to settle down. It
was filtered off and washed with cold water. Drying was
done in vacuo and the benzimidazole derivative was
recrystallized  from  ethanol.  Benzimidazoles  thus
synthesized are recorded in Table-1.

Table 1: Characterization and antiviral activity data of 2-(2-
{3-chloro-4-[1-(arylamido/ imidoalkyl)-1H-benzimidazol-2-
y1] phenyl} ethyl) isoindol-1,3-diones (4)
Anti-JEV Activity
Yield [CT50]ECs, %
(%) | (ng/ | (ng/|TI|CPE
ml) | ml) In.
4a | Phthalimido | 1 273 70 | 500 |125|04| 50
4b  |Nicotinamido| 1 [273-274] 65 | 500 | - |- | -
4c Benzamido | 1 | 280 68 [ 500 | - | -| -
4d Phthalimido | 2 |260 -261| 70 | 500 | 250 |02] 30

All compounds gave correct elemental analysis.

Compd.

0,
No. R n m.p. CC)

*IR (KBr) (cm™): 1640 (C=N), 1712 (imide C=0), 714(C-
Cl), 1425 (Ar-CHy).

'HNMR (CDCl;) (5 ppm): 6.75 - 7.85(m, 15H, ArH),
3.82(s, 2H, N-CH,- N)~ 3.65(t, N-CH,, J = 6.3) 3.50(t, C-
CH,, J=6.3)

BCNMR (CDCl3) (8 ppm): 76.56, 77.43, 83.54, 115.32,
119.10, 121.50, 125.18, 127.52, 129.09, 130.40, 131.71,
144.14, 166.95, 169.05

Mass (FAB) (m/ 2): 560 (M"), 562 (M*?) Base Peak
appeared at m/2 160 due to phthalimidomethyl
[C5H4(CO)2NCH+2] ion.

CTsy = Cytotoxic concentration (50%), ECsy = Effective
concentration (50%), TI = Therapeutic index, CPE =
Cytopathic effect.
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