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QSAR OF SMOOTH MUSCLE RELAXATION BY 2,5 - SUBSTITUTED - BENZIMIDAZOLE
DERIVATIVES

2,5 - SUBSTITUE - BENZIMIDAZOL BILESIKLERININ DUZ KAS GEVSETICI
ETKILERININ KANTITATIF YAPI - ETKI ILISKILERI]
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Quantitative structure-activity analyses were carried
out for in vitro relaxant actions of a series of 2,5-
substituted-benzimidazoles in rat duodenal smooth muscle.
Analyses of simple and multiple linear regression models
revealed modest to good correlations between the relaxant
activity and structural properties of the benzimidazole
derivatives such as steric, hydrophobic and electronic
parameters. In the present study, it was observed that,
as a collective property, parachor log(Par)+partition
coefficient log(P) gives good results using either gupar ent
affinity constant (pD>) or intrinsic activity (o) as the
predicted values. In this case, it was supposed that both
the lipophilicity and the surface tension of molecules
are responsible for the activity observed.

Bu aragtirma, bir seri 2,5-siibstitiie benzimidazol
bilegiginin sican duedonumundaki diiz kas gevsetici
etkisinin in vitro denemmesi ve kantitatif yapi-etki
iliskilerini icermektedir. Basit ve coklu regresyon
analizlerinin sonuglari, diiz kas gevgetici etki ile sterik,
hidrofobik ve elekronik parametreler arasinda orta
derecede bir iligkinin varlifim gostennigtir, Calismada
ortak bir ozellzk olarak, log Par + log P kombinas-

yonlarmun hem pD2 hem de o degerleri ile iyi sonririr

verdzgz bu durumda, aktiviteden birinci cl'erecc ie
molekiillerin yagda ¢oziiniirliiklerinin ve yiizey ge-
rilimlerinin sorumlu oldugu gézlenmistir.
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Introduction

Some 2-(substituted-aryl) and 5-nitro-2-
(substituted-aryl) benzimidazole derivatives
from our previous studies (1,2) were tested for
their relaxant activities on isolated rat duodenum
and relationships between the physicochemical
parameters of the variable substituents and the
relaxant activity were examined by applying
simple and multiple linear regression analy-
ses.
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Fig.1. 2,5-substituted-benzimidazoles

Materials

All the reagents and solvents were of analytical grade
(Merck, Aldrich and Sigma).

Methods

Chemistry

Compounds listed in Table 1 were synthesized
according to; 1-4; aldehyde method (3), 5-15 and
19-22; polyphosphoric acid (PPA) method (4), 16-18,
23 and 24; polyphosphate ester (PPE) method (5,6).

Pharmacology
It is known that 2-benzylbenzimidazoles have a

.relaxant action on smooth muscles (7). Molecules having

benzimidazole ring possess, in general, hypotensive
and sympatholytic activities (8). They also may relax
smooth muscles of the uterus, uretra and gastrointestinal

“tract. Precise mechanisms for the relaxant activities

of benzimidazoles were not elucidated. There are,
however, some experimental evidences that these
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compounds may cause smooth muscle relaxant activity
via cyclic nucleotide phosphodiesterase inhibition (9).
The present study is based on a series of tests previously
performed by Horton using the isolated rat duodenum
(10).
Smooth muscle preparation

The proximal 2 cm of duodenum from rats weighing
150 to 200 g was removed after killing and kept in

atropinized (0.143 mM) Krebs' solution at 6°C for two
hours. In this way , spontaneous movements of duodenum
were diminished. Then, the duodenum was suspended
in a 10 ml organ bath containing the atropinized Krebs'
solutions at 31°C and gassed with a mixture of 5% COp
in oxygen. The relaxations of the rat duodenum were
then recorded with an isotonic transducer(Ugo Basile,
No.7006) connected to a recording microdynamometer

Table 1. Parameters used to derive the QSAR equations for smooth muscle relaxation by 2,5-substituted

benzimidazole derivatives.

Com-| R R Mv | MR | Mw |Vy MCI | Par |logP b c | bR pD2 oF
pound (log) | (log) | (log) (log) | (log)
1 |Ph H 2416 11774 |2.288 | 1.718 | 0.693 |2.534 13.097 | 1.96 | -0.01} O 4795 |1.168
2 | o-OH-Ph H 2420 11785 |2.323 | 1.958 | 0.705 |2.535|2.554 | 1.29 | -0.37| 1.63 | 5.295 |1.106
3 | m-OH-Ph H 2428 |1.785 |2.323 | 1.958 | 0.705 |2.535{2.554 | 1.29 | 0.11]1.55 | 5.010 |1.170
4 | p-OH-Ph H 2428 11785 |2.323 | 1.958 | 0.705 |2.535|2.554 | 1.29 | -0.38| 1.34 | 5.075 |1.080
5 |2-Py H |2411 |1.760 | 2291 | 1.668 | 0.681 [2.525]1.719 | 0.32 | 0.16 | 1.94 | 5.448 |1.424
6 |3-Py H 2411 1760 12291 | 1.668 | 0.700 |2.525|1.719 | 0.32 | 0.16 [ 2.28 | 4.993 |1.453
7 |4-Py H |2411 1760 | 2291 | 1.668 | 0.680 |2.525]1.719 | 0.32 ] 0.16 | 2.57 | 5.915 |0.923
8 | 2-Thienyl H 2379 |1.768 |2.302 | 1.663 | 0707 |2.513 |2.738 | 1.61 | 0.10 | 0.81 | 4.299 |1.806
9 | Ph NOj | 2463 [1.818 | 2379 | 1.916 | 0.703 |2.584 |2.819 |2.20 | 0.77 | 6.09 | 5.036 |1.059
10 |2-Py NO7 | 2459 |1.805 |2.381 | 1.866 | 0.691 |2.576 | 1.459 | 0.72 | 0.95 | 7.59 | 5.256 |1.000
11 |3-Py NO7 | 2.459 [1.805 |2.381 | 1.866 | 0.691 |2.576 | 1.459 | 0.72 | 0.95 | 7.41 | 4219 |0.766
12 |4-Py NO7 | 2459 |1.805 |2.381 | 1.866 | 0.691 |2.576 | 1.459 | 0.72 | 0.95 | 5.32 | 4.994 10.966
13 | o-Cl-Ph NO | 2469 [1.848 |2.418 | 2.091 | 0.746 |2.607 |3.559 | 2.91 | 1.00 | 7.89 | 4744 |1.147
14 | m-Cl-Ph NOy | 2469 [1.848 |2.418 | 2.091 | 0.746 |2.607 |3.559 | 2.96 | 1.14 | 7.10 | 4.891 |0.967
15 | p-Cl-Ph NO, | 2.469 |1.848 | 2418 | 2.091 | 0.745 |2.607 | 3.559 | 2.91 | 1.00 | 5.34 | 4707 1.158
16 |p-CH3-Ph | NOg| 2495 |1.847 | 2404 | 2.067 | 0737 |2.586 3339 |2.72 | 0.60 598 | 4.639 |1211
17 | 0-OCH3-Ph | NO; | 2.505 |1.858 |2.404 | 2.151 | 0.746 |2.598 |2.206'|2.16 | 0.50 | 6.34 5.142 11.177
18 | p-OCH3-Ph | NO2 | 2.505 |1.858 |2.404 | 2.151 | 0.746 |2.598 |2.206 | 2.16 0.50 | 7.03 | 5.229 10.824
19 | 2-Furyl NO2| 2416 |1.768 | 2.360 | 0.543 | 0.657 |2.529|1.935 | 1.46 | 0.74 | 5.73 | 5.109 |0.978
20 | 3-Furyl NOy | 2416 |1.768 | 2360 | 0.543 | 0.619 |2.529 | 1.935 | 1.46 074 | 572 | 5.058 [0.947
21 | 2-Br-5-Furyl| NOp | 2454 |1.812 |2.489 | 1.859 | 0.734 |2.576 |2.884 | 2.32 | 0.86 [4.17 4.859 11.211
22 | 2-Thienyl NOy | 2430 |1.812 | 2390 | 1.762 | 0.716 |2.566 |2.478 | 1.85 | 0.88 |4.77 | 4782 |1.034
23 | 0-OH-Ph NOp | 2.474 |1.828 | 2.407 1.984 | 0715 ]2.58512.294 | 1.53 | 0.41 | 6.07 | 4.737 |0.937
24 | p-OH-Ph | NOy 2.474 1.828 | 2.407 | 1.984 | 0715 |2.585]2.294 | 1.53 | 0.40 | 6.35 | 4213 |0.867
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(Ugo Basile, No.7050). The load on the tissue was
1.0 g and the relaxations elicited by relaxant agents
were magnified 8-folds. The suspended duodenum was
allowed to equilibrate for 60 minutes. During this period,
the tissue was washed out in every 15 minutes. After
this initial incubation, dose-response relationships were
obtained for benzimidazoles using two individual
dose-response procedures in all experiments. In each
experiment, merely two related derivatives were tested
as agonists on the same tissue. The dose cycle was 5
minutes with 60 seconds of contact time. All dilutions

were prepared with. 10-3 M HCI adjusting the pH to
5.0. Then, apparent affinity constant (pD7) and intrinsic
activity (o B) values were calculated (11).

Calculation of molecular parameters

Steric; molar volume (Mv) (12), molar refractivity

(MR) (13), molecular weight (Mw), Van der Waals
volume (V) (14), molecular connectivity index (MCI)
(15, 16).

Hydrophobic; parachor (Par) (17), partition coefficients

(P) (18-20), hydrophobic substituent constant () values
(21,22). s
Electronic; dipole moment (UR) (23), electronic
substituent constant () (24,25) were calculated the-

oretically.
Synthesized. compounds, pharmacological data

and calculated molecular parameters are given in
Table 1.

Correlation analyses . .
The squared correlation coefficient matrix calculated
by these parameters is shown in Table 2. Single and
multiple linear regression analyses were performed
on a Macintosh-Classic computer running StatView
(512%) statistical programme package. In the equations,
the numbers in parentheses are the 95% confidence
invervals, n is the number of observations, r is the
correlation coefficient, s is the standart deviation from
regression, F and p are the statistical significances
calculated by Fisher test and t-test, respectively.

Table 2. Squared correlation matrix between the parameters given in Table 1.

My MR Mw Vy MCI Par logP = 6 uR pDy oF
(log) (log)  (log) (log)  (log)
My 1
(log)
MR
Qg | 0927 1
Mw
tog) | 073 0798 1
Vw 0561 0626 0281 1
MCI
: . : 949 1
log) | 064 0.799 0533  0.949
Par
: : . : 712 1
(log) 0914 0958 0.840 0585 0.712
logP | 0233 0493 0348 0374 0619 0403 1
T 0293 0461 0446 0061 0307 0439 0515 1
c 0504 0538 0742 -022 0.176 0.690 0.101 0.461 1
LR 0748 0702 0753 0091 0243 0792 0.001 0.293 0.834 1
pDy | -012 028 -0313 -0.14 -0.265 -0.261 -0.369 -0.26 -0.30 -0.165 1
oE 046 -031 -0367 -0.04 0.11

-041 0225 -0.03 -037 -037 -0.21 1
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Results and Discussion
OSAR with empirical parameters

Initially, the compounds under investigation
were divided into two sets; compounds 1-8

having no -NO; and compounds 9-24 having

a -NO, function, on which regression analyses
were performed separately.

Subsequently, same analyses were carried
out on the collective set of compounds 1-24.
Correlation analyses with the calculated
physicochemical parameters of compounds
were performed both with the o value and
the pD value.

OSAR for the first set (compounds I-8) with
pD; and oF values

pDy = 15.38 (£ 5.96) Mv-32.17 (1)
n=8 r=0.725 s=0.724 F=6.65 p<0.05
pD; = 34.44 (£10.35) log Par-82.15 2)
n=38 1=0.805 s=0.183  F=11.06
p<0.05

pD2=36.29 (+5.70) log Par-0.33 (£0.008) log
P-86.07 3)
n=8 r=0955 s=0.342 F=25.82p<0.003

Good correlations were observed with bi-
ological activity (affinity) in the 2nd and 3rd
equations which include hydrophobic (log P)
and steric (log Par) parameters (r >0.8).

OB = -13.71 (£4.26) My + 34.74 (4)
n=8 r=0.795 s=0.517 F=10.33 p<0.05

oF = 21.69 (7.55) MCI-1.87 (£0.57) V-
10.51 5)

n=8 1=0.841 s=0.506 F=6.04 p<0.05

oB=-14.01 (¥3.95) Mv + 8.20 (£5.77)
MCI+29.38 6)
n=8 1=0.859 s=0.477 F=7.05 p<0.05

On the basis of the equations 4,5 and 6 the

correlation (0.8) between o values and steric
parameters emphasized the importance of these

4

parameters, particularly MCL

Selection of the retained equations was
decided according to the t-test results in this
study (p<0.005 or p<0.05). Equations in which
satisfactory results could not be obtained with
t-test were not considered, even though they
displayed high correlation coefficients.

OSAR for the second set ( compbunds 9-24)

with pDy and o values
Since in this set no good correlation was
observed with pD3 , only the equations which

included oF were retained. The biological
activities of the compounds containing the
5-nitro substituent were weekly correlated
with the electronic parameters as shown in
equation 8. The equation was not improved
by the addition of the hydrophobic parameter

(m ) as indicated in equation 9.

O =-0.87 (£1.51) log Par + 0.12 (£0.40)
log P+2.95 7
n=16 1=0.620 s=0.460 F=4.05 p<0.05

oE=0.10(20.03) © +0.81 (8)
n=16 1=0.610 $=0.448 F=830 p<0.05

aB=0.05(+0.13)c6+0.10 (£0.03)m+0.77  (9)
n=16 1=0.616 s=0.464 F=3.97 p<0.05

OSAR for the whole set (compounds 1 -24) with
pDy and oE values

There was no satisfactory result when the
simple regression was applied on the whole
set. There were two significant equations for

oE values in this set.
oE =0.15 (£0.60) log P-4.30 (£1.33) log

Par + 11.75 ' (10)
n=24 r=0.604 s=0.921 F=6.02 p<0.05

oE = -4.06 (£3.45) Mv + 7.79 (3.37) MCI
-0.13 (£0.17) Vy, -3.09 (4.30) MR

(11)

n=24 1=0.738 $=0.818 F=5.69 p<0.005
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Interactions with the active site
The main structure of the benzimidazole is
not an absolutely extraneous molecule for the

living organisms. It creates a nuclei for current

drugs of today such as ethonitazene, thia-
bendazole, clemizole, omeprazole, benomyl,
etc. Due to its physicochemical characteristics,
like stereochemical, electronic and hydrophobic
properties, the benzimidazole structure is in
different conformations and exhibits diverse
behaviours in various sites of biophase in living
organisms. Having a convenient molecular
size, it causes many diverse effects by occupying
various sites of action. Substituents contained
are also very important for the activity of
benzimidazole structure. Especially, substituent
modifications done at the first, second and fifth
positions of the molecule cause not only an
increase in its known effects but also a de-
velopment of other type of effects. While
electron-drawing and electron-donating groups
at these (first, second and fifth) positions affect
the active site electronically, these groups may
facilitate the interaction by their positive
contribution to the molecular dimensions.
Aromatic and heterocyclic groups at the same
position establish new electronic and steric
conditions in the main structure, so these groups
cause certain changes in their molecular be-
haviours related to the site of action. In he-
terocyclic ring-containing derivatives which
also have electron-donating groups like -OH
and -OCHj at the second position, for example,
a positively charged area in the site of action
is thought to be present for the interaction with
unpaired electron doublet of heteroelement.
In the derivatives having aromatic ring at the
same position as shown in Table 1, however,
minimum activity was observed at meta position
in the case of presence of electron-donating
groups at one of the ortho, meta and para
positions of the ring. In this case, stereochemical
changes caused by a pseudoring formation in
ortho substituted derivatives are supposed to
elicit favourable changes in the relaxant effects.
In coincidence to this opinion, especially the
increase of correlation coefficient over 0.8 by
the contribution of MCI parameter in the
equation emphasises the importance of to-
pographic structure of the molecule for the
interaction with the site of action (Fig.2).

Observation of good or mild correlations
with the hydrophobic parameters nearly in all
sets also suggests the presence of a hydrophobic
zone in the active site by which especially
-CHj3 and -OCHj3 groups are affected.
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Fig. 2. The formation of pseudoring

On the basis of literature data (26,27), it is
understood that the pK, value of the compounds
having a -NOj function at fifth position is lower
than in other derivatives (Examples; Ph; 5.23
without -NO», 2.95 with -NO», 2-thienyl; 1.57
without -NO», 2.36 with -NO»). This reduction
which is proportional with the electron-drawing
potency of the -NO; groups displays some
variations due to the influence of a group at
second position. As a result of delocalization
phenomenon with electron-drawing from the
main structure, the nitrogen atom is negatively
charged at third position and it is, therefore,
thought to be the presence of positively charged
area in the corresponding site of action. Acidic
test medium causes only a mild interaction,
since the nitrogen atom in pyridine type is readily

TT »
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5 : ™

_

il Z

®

Fig.3. Possible interactions of 2,5-substituted -
benzimidazoles in the active site of relative
enzyme
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protonated to produce a salt form. Due to the
salt formation, increased water solubility of
the compounds causes a difficulty in the pe-
netration of the molecule across cellular
membrane having a lipoid structure. Almost
excellent correlations were obtained in the
combinations of both pD2 and oF values withlog

Par+log P. Mild correlations were observed -

by the combinations of 7t and 7t + ¢ in the eight
and ninth equations. A putative interaction
model for 2,5-substituted-benzimidazoles are
given in Fig.3.
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