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Abstract—5-Nitrobenzimidazole derivatives with varying substituents at 2-position have been designed, synthesized, and evaluated
for angiotensin II antagonistic activity. A drug-receptor interaction model has been proposed.

© 2005 Published by Elsevier Ltd.

1. Introduction

Angiotensin II (Ang II) receptor antagonists are widely
accepted as novel antihypertensives clinically because of
lesser side effects and better therapeutic profiles than
ACE inhibitors. Losartan,'-? the protypical agent of this
category, served as lead for the development of newer
Ang II receptor antagonists.> Varied substitutions in
benzimidazole nucleus have been extensively studied
for this purpose. Among the different substituents, a
lipophilic group with H-bond accepting capability
(acylureas) at 6-position,* and a carboxylic function at
7-position® of benzimidazole nucleus have been found
to be favorable for Ang II antagonism. Further, a linear
butyl chain and an ethoxy group is required at position 2
in 6-substituted benzimidazole and in benzimidazole-7-
carboxylic acid derivatives, respectively. However, posi-
tion 5 in this nucleus has not been exploited much. A
series of triazole derivatives with different substituents
at C-5 of the triazole nucleus has been reported where
a benzylthio group increases the activity substantially.
A further presence of carboxy group at ortho position
of benzylthio moiety makes the compound 1 even more
active than losartan. The binding profile of 1 with AT,
receptors proposed in literature (Fig. 1a) depicts that
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site L3 accommodates the benzyl group whereas site
B/H interacts with carboxylate group.® A critical analy-
sis of structure of 5-substituted benzimidazole com-
pounds suggests that a similar group at this position
may take an orientation analogous to that taken up by
carboxylate of 1 (Fig. 1b). Hence, compounds 8 are
designed with nitro group at position 5, and a correla-
tion of relative orientations of nitro and carboxylate of
8 and 1, respectively, is established by determining the
distances between O' and N* of 1 and O' and C' of 8
in their energy minimized conformations using com-
puter software ChemOffice 6.0. These distances have
been found to be very similar (4.638 A in 1 and
4.236 A in 8) (Fig. 1). Hence these compounds are ex-
pected to have greater activity than losartan. Further,
different alkyl groups are substituted at position 2 of
benzimidazole nucleus to optimize an appropriate alkyl
group in S-substituted benzimidazole derivatives.

Hence, the present study has been conducted to design,
synthesize, and evaluate S5-nitrobenzimidazole deriva-
tives 8a-d bearing n-butyl, ethoxymethyl, n-propyl,
and ethyl chain at 2-position. For the synthesis of pen-
dant carboxylbiphenyl methyl moiety of the target com-
pounds, a novel three-step method has been devised
with improved yields. This novel synthetic route did
not lead to formation of some carcinogenic by-products
as reported with the other methods.” !> The biological
activity of these compounds has been determined taking
losartan and candesartan as reference compounds.
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Figure 1. (a) Binding profile of 1 where L1-L3 are lipophilic pockets, B is basic site, H is H-bond donor site, and B/H is either a basic or H-bond
donor site.(b) Proposed binding profile of benzimidazole derived compounds where L3 can accommodate a bulky substituent at 6-position and B/H

acts either as a basic or H-bond donor site for substituents at 5-position.

2. Chemistry

Synthetic scheme (Fig. 2) for target compounds was
divided into two steps. Step I involved synthesis of 2-
alkylbenzimidazoles 2 by condensation reaction of
o-phenylenediamine with the respective carboxylic acids
1. The corresponding 5-nitro derivatives 3 were prepared
by nitration under controlled temperature conditions.!?
Step II includes the novel sequential combination of
three routine reactions to synthesize 2’-carboxybiphenyl
methylene chloride. Biphenyl-2-carboxylic acid 4 was
prepared by potash fusion of 9H-flourenone,'* which
was then subjected to aromatic substitution reaction
using paraformaldehyde and acetamide in concd sulfuric
acid'? to affect intermediate, 4-acetamidomethyl biphen-

yl-2’-carboxylic acid 5. The reaction mixture showed
three components in TLC, which were separated by col-
umn chromatography using silica gel (100-120 mesh) as
stationary phase and chloroform as mobile phase. The
required component was identified as third fraction
which was subjected to substitution reaction with phos-
phorus oxychloride in xylene and dimethyl formamide!>
to produce the pendant moiety 4-(chloromethyl)biphen-
yl-2’-carboxylic acid 6. Coupling of intermediates 2a
and 3 with 6 using anhydrous potassium carbonate in
dimethyl formamide resulted in target compounds 7a
and 8, respectively, and finally reduction of 8a with zinc
in sodium hydroxide produced the final target compound
9a. The compounds synthesized were characterized on
the basis of analytical data and spectral evidences.'®
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Figure 2. Synthetic scheme. (i) KOH, 180-200 °C, dil HCI; (ii) acetamide, paraformaldehyde, H,SOy, heat, stirring; (iii) POCls, xylene, DMF, reflux,

Hzo.
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3. Biological activity

Ang II receptor antagonism was determined on endothe-
lium removed isolated rat aortic ring using force transduc-
ers and BIOPAC four-channel recorder (BIOPAC
Systems Inc., Santa Barbara, CA, USA). The activity
was expressed as pA4, values (Table 1). p4,y values were
also determined to establish the mode of antagonism.'”

3.1. Statistical analysis

Linear regression was employed to plot the CRC
between developed tension and negative log molar con-
centration of angiotensin II. Paired Student ‘7 test was
employed for statistical analysis, p < 0.05 was consid-
ered to be statistically significant.

4. Results and discussions

Ang II antagonism by compounds with same functional
group at 2-position has been found to be a function of
substituent at 5-position. Presence of amino group has
increased the activity substantially over the unsubsti-
tuted one (9a vs 7a). The maximum activity has been
observed with nitro group (compound 8a). This suggests
that there are some sites in the receptor pocket, which
can interact with the functional groups at position 5.
The higher activity of 8a over 9a suggests that this group
at 5-position should be either ionic or H-bond acceptor.
Decrease in length of alkyl chain from n-butyl to n-pro-
pyl 8¢ and to ethyl 8d has decreased the activity indicat-
ing that n-butyl group is required to be present at
2-position when 5-position of benzimidazole nucleus is
substituted. The less activity of 2-ethoxymethyl analog
8b than the corresponding 2-n-butyl analog 8a suggests
that presence of any electronic element in the linear alkyl
chain is not conducive to activity. Compound 8a has
been found to be even more active than the reference
compounds losartan and candesartan. The higher activi-
ty of 5-nitro derivatives may be ascribed to the ability of
nitro group to act as H-bond acceptor with respect to
the receptor site. Moreover, the bulk of nitro group
may optimally “fill up” the receptor pocket and hence
results in closer proximity to the interacting surface of
the receptor. It may consequently increase their affinity

Table 1. The comparative Ang II antagonism of the target and
reference compounds

Compound R pAz* pAdio  (pA> — pAio) Mode*
Ta -n-C4Hy 645 581 0.65 C

9a -n-C;Hy 7.8 69°° 09 C

8a -n-C4Ho  8.50°° 18 6.7 NC
8b -CH,OEt 7.3 1.7 5.6 NC

8c -n-C3H; 7.1 2.9 4.2 NC
8d -Et 7.0 34 3.6 NC
Losartan 7.4 6.5 0.9 C
Candesartan 8.02 7.1 0.82 C

#p <0.05 vs losartan.

®p <0.05 vs candesartan.

“n=5.

#Mode of antagonism (NC, noncompetitive; C, competitive).

Table 2. Comparative molecular surface areas of target and reference
compounds

Compound Molecular surface area (Az)
8a 388.322
8b 370.754
Losartan 367.638
Candesartan 375.166
1 470.272

to the receptor site. The noncompetitive mode of anta-
gonism of 8 further suggests that such receptor pocket
may not be accessible to the natural ligand, Ang II.
Moreover, comparison of molecular surface areas
(MSAs) of losartan, candesartan and 1 indicate that in-
crease in activity can be directly correlated with MSA
(Table 2). Hence, the higher activity of 8a over candesar-
tan can be attributed to this MM parameter. Lesser
activity of 9a with respect to candesartan and 8a further
supports this proposition. Hence, in the light of these
inferences, a drug—receptor interaction model has been
proposed (Fig. 1b) which includes an additional receptor
pocket (B/H site) capable of accommodating a bulky
group and act as a H-bond donor leading to greater
drug-receptor interaction area and hence activity.

5. Summary

Substituted benzimidazole nucleus coupled to carb-
oxylbiphenyl methyl group has been designed, synthe-
sized, and evaluated for Ang II antagonism.
Compound with nitro group at 5-position and r-butyl
chain at 2-position have been found to be more potent
than candesartan. Hence, a new binding profile has been
proposed where an additional receptor pocket in the
binding site can accommodate bulky but H-bond accep-
tor group and this pocket may not be accessible to nat-
ural ligands and even losartan and candesartan.
Additionally, a novel and simple method for synthesis
of pendant biphenyl moiety has been devised to improve
safety and yield. Further designing and synthesis of
compounds with other such functional groups at 5-posi-
tion are underway.
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benzimid-
azole (7a): yield 42.0%, mp 122-124°C, IR (KBr):
3600-2700 (O-H); 1660 (C=O0); 1420 (C-O-H). Anal.
Caled for C,5H.4N,O,: C, 78.13; H, 6.25; N, 7.29.
Found: C, 77.29; H, 6.84; N, 7.79. 6y (300 MHz,
CDCl;): 090 (t, J=17.5, 3H, CH,CH,CH,CHj3); 1.35
(sx, J=1.5, 2H, CH,CH,CH,CH;); 1.67 (qv, J=17.5,
2H, CH,CH,CH,CH3); 295 «((, J=17.5, 2H,
CH,CH,CH,CHs;); 3.04 (s, 2H, CH>); 6.95 (d, J=38,
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2H, ArH); 7.01 (d, /=38, 2H, ArH); 7.53 (dd, J=38;2,
2H, ArH); 7.58 (dd, J = 8;2, 2H, ArH); 7.87 (dd, J = 8§;2,
2H, ArH); 7.92 (dd, J = 8;2, 1H, ArH); 8.01 (dd, J =8;2,
1H, ArH); 8.90 (b, 1H, COOH). MS (EI): 384 (M™*). 2-n-
Butyl-5-nitro-1-[ (2'-carboxybipheny-4-yl) methyl] benz-
imidazole (8a): yield 66.6%, mp 160-162 °C, IR (KBr):
3600-3200 (O-H); 1670 (C=O0); 1440 and 1370 (N=O0).
Anal. Calcd for CysH»3N304: C, 69.63; H, 5.36; N, 9.79.
Found: C, 69.24; H, 5.81; N, 9.58. Jy (300 MHz,
CDCl;): 091 (t, J=17.5, 3H, CH,CH,CH,CHj3); 1.43
(sx, J=1.5, 2H, CH,CH,CH,CH3); 1.97 (qv, J=1.5,
2H, CH,CH,CH,CH3); 295 (t J=75, 2H,
CH,CH,CH,CH,); 3.25 (s, 2H, CH>); 6.82 (d, J =38,
1H, ArH); 7.46 (d, J=2, 2H, ArH); 7.48 (d, J =2, 2H,
ArH); 7.84 (dd, J=38:2, 2H, ArH); 794 (d, J=2,
1H, ArH); 8.08 (s, 1H, ArH); 8.24 (d, /=38, 1H, ArH);
8.65 (s, 1H, ArH); 9.58 (b, 1H, COOH). MS (EI): 429
(M™). 5-Amino-2-n-butyl-1-[ (2'-carboxybipheny-4-yl)
methyl] benzimidazole (9a): yield 64%, mp 168-170 °C,
IR (KBr): 3600-2700 (O-H and N-H); 1690 (C=0). Anal.
Caled for C,sH,5sN30,: C, 75.19; H, 6.26; N,
10.53. Found: C, 74.65; H, 6.89; N, 9.96. 6y (300 MHz,
CDCl3): 090 (t, J=7.5 3H, CH,CH,CH,CHj;);
140 (sx, J=7.5 2H, CH,CH,CH,CHj3); 1.75 (qv,
J=1.5, 2H, CH,CH,CH,CH3); 2.82 (t, J=17.5, 2H,
CHQCH2CH2CH3); 3.10 (S, 4H, CH2 and NHZ); 6.61 (m,
1H, ArH); 6.77 (d, J =2, 1H, ArH); 7.32 (m, 1H, ArH);
7.43 (d, J=6, 2H, ArH); 7.51 (d, J=6, 2H, ArH); 7.64
(m, 3H, ArH); 7.99 (d, /=38, 1H, ArH); 9.72 (b, 1H,
COOH). MS (EI): 399 (M™).
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