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Anticonvulsive activities of some condensed imidazo[1,2-a]benzimidazole derivatives were predicted using

PASS software. Benzimidazoles as a class showed promise as sources of anticonvulsants. Several compounds

demonstrated various levels of anticonvulsive activity in the corazole-induced seizure model (75 mg/kg, s.c.).

The most promising compounds (laboratory codes RU-1205, RU-285, RU-1204, and RU-1203) at a dose of

10 mg/kg (i.p.) showed high levels of anticonvulsive activity comparable with that of reference valproic acid

(130 mg/kg, i.p.) at a molar ratio of ~1:30. The Free—Wilson model was used to describe quantitative struc-

ture—activity relationships in order to evaluate contributions of substituents or structural fragments to the

anticonvulsive activity of the parent structure. Four pharmacophore patterns that favored high anticonvulsive

activity among imidazo[1, 2-a]benzimidazole derivatives were found using IT Microcosm.

Keywords: benzimidazole, corazole, screening, anticonvulsive activity, anticonvulsants, valproic acid, epi-

lepsy, PASS system, IT Microcosm, Free—Wilson method, pharmacophores.

Convulsive syndromes are common psychoneurological

pathologies that afflict over 70 million people worldwide [1].

Even modern anticonvulsants achieve remission in only 60%

of aged patients whereas the incidence of pharmaceutically

resistant disease in children is significantly greater [2]. Fur-

thermore, the majority of anticonvulsants have pronounced

side effects that degrade the quality of life for patients. Thus,

it seemed crucial to seek and discover new medicines that

were more efficacious and had less risk of developing side

effects [3].

Research and development of biologically active hetero-

cyclic compounds, e.g., benzimidazole derivatives, is an ac-

tive topic in the design of new anticonvulsants. Benzimi-

dazole and its derivatives exhibit broad spectra of biological

activity because they are structurally similar to the nu-

cleic-acid purine bases adenine and guanine [4]. They were

reported to have psychotropic [5, 6] and anticonvulsant prop-

erties [7 – 9]. Also, several benzimidazole derivatives were

found to interact with GABA
A
-receptors, which play a piv-

otal role in regulating nervous excitation [10].

Several benzimidazole derivatives, i.e., substituted imi-

dazo[1,2-a]benzimidazoles (ImBI), displayed various types

of psychotropic activity. Several compounds modulated neu-

ral ion currents, which could be responsible for the

anticonvulsive activity [11].

The goal of the present work was to discover new imida-

zo[1,2-a]benzimidazole derivatives with anticonvulsive ac-

tivity.

EXPERIMENTAL PART

The novel compounds were synthesized at the Institute

of Physical and Organic Chemistry, Southern Federal Uni-

versity (IPOC, SFU). The studies were conducted according

to good laboratory practices (GLP) and Article 11 of Federal

Law No. 61-FZ dated April 12, 2010, “On Drug Circulation”
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(Collection of Russian Federation Legislation, 2010, No. 16,

Art. 1815; No. 31, Art. 4161). All experiments were carried

out according to a decision of an ethics review dated Dec. 17,

2011, protocol No. 149 – 2012.

The spectra of biological activity were predicted in silico

using PASS (version 10.4) software that operated by analyz-

ing a training set of 266,697 organic compounds with known

types of biological activities. The prediction method used in

PASS was described in detail before [12, 13].

Experiments in vivo were performed by the usual proce-

dure [14] using white outbred mice (20 – 25 g) from a labo-

ratory in the Department of Pharmacology, Volgograd State

Medical University (Volgograd, Russia). Animals were

maintained under standard vivarium conditions with a

12-hour light regime and free access to water and food ac-

cording to GOST R 50258-92. Laboratory practice rules for

preclinical trials in the RF that are regulated by GOST R

51000.3-96 and GOST R 51000.4-96 and international rec-

ommendations of the European Convention on the Protection

of Invertebrate Animals Used for Experimental or Other Sci-

entific Purposes were observed.

Test groups of animals (n = 10) were injected i.p. with

the studied compounds at a screening dose of 10 mg/kg that

did not visibly disrupt locomotor activity. Animals in the

positive control group (n = 10) received valproic acid

(Convulex, Gerot Pharmazeutika, Austria) at a dose of

130 mg/kg i.p. [15]. The negative control group (n = 10)

were injected i.p. with equivalent amounts of solvent (dis-

tilled H
2
O).

Seizures in the animals were modeled by a single s.c. in-

jection of corazole (Sigma, USA) in the cervical spinal re-

gion at a dose of 75 mg/kg 60 min after injection of the test

compound or solvent.

The manifestation of anticonvulsive activity and lethality

was observed for 30 min. Animals that did not display for

30 min repetitive clonic convulsions of duration 3 sec after

administration of the compound and then corazole were con-

sidered to be protected.

(Q)SARs of the studied compounds that were determined

by the Free–Wilson method [16] provided a framework for

assessing the contributions of base structures and substitu-

ents in series of N
9
- and N

1
-derivatives to the level of

anticonvulsive activity.

Pharmacophores were analyzed using IT Microcosm

(FarmFor module) information technology for predicting the

biological activities of chemical compounds [17]. Pharmaco-

phores with high anticonvulsive activity that were combina-

tions of traditional pharmacophore substructures were con-

structed.

Results were processed statistically using Graphpad

Prizm software. Obtained values were compared using dis-

persion analysis. Changes were considered statistically sig-

nificant for p � 0.05.

RESULTS AND DISCUSSION

Predictions using the PASS software. A database of

647 compounds of the general structural formula shown in

Fig. 1-I included 520 N
9
- and 127 N

1
-substituted derivatives

and was compiled using structural data for condensed azole

derivatives from the Department of Pharmacology, VSMU,

in order to assess the potential of ImBI derivatives as sources

of anticonvulsants using PASS software (version 10.4).

An analysis of the computationally predicted potential

(Fig. 1, I) that the compounds would manifest effects and

mechanisms of action associated with anticonvulsive activity

(Table 1) showed that in general the ImBI derivatives were

highly promising for discovering compounds with

anticonvulsant properties because 88% of all 647 analyzed

structures displayed some kind of anticonvulsive activity in

the PASS predicted spectrum regardless of N
1
and N

9
posi-

tions. Both classes were promising for discovering novel

anticonvulsants according to the in silico assessment of the

presence of anticonvulsive activity (Table 1, first line). How-

ever, this effect was predicted for more N
9
-substituted ImBI

derivatives (71.3%) than for N
1
-substituted ones (60.6%).

Differences between the series were found by examining

the computationally predicted molecular mechanisms of

anticonvulsive activity. According to PASS estimates, both

N
1
- and N

9
-ImBI were presumed to exert their

anticonvulsive activity by blocking sodium channels. The

probability of this mechanism of action was slightly greater

for the N
9
-derivatives (20.0%) than for the N

1
-derivatives

(15.0%).

A second common mechanism for the N
1
- and N

9
-ImBI

derivatives according to the in silico predictions could have
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Fig. 1. General structural formula of studied ImBI derivatives

(dashed lines denote possible bonds) (I); structural formula of

N
9
-ImBI derivatives (II); structural formula of N

1
-ImBI derivatives

(III).



been agonistic activity for GABA
A
-receptors. However, in

this instance the N
1
-substituted ImBI derivatives had a

higher predicted value (78.7%) than N
9
-substituted ones

(66.0%). A third mechanism found from the PASS prediction

was inhibition of GABA recapture that was characteristic

only of N
1
-ImBI.

In general, the ImBI derivatives seemed promising for

discovering anticonvulsants according to the activity spectra

predicted by PASS. According to the in silico estimates, the

mechanism for manifesting the anticonvulsive activity prob-

ably differed slightly for the N
1
- and N

9
-substituted com-

pounds. According to the computer prediction of the

anticonvulsive effect itself (Table 1, first line), the N
9
-ImBI

class was more preferred for discovering novel anticonvul-

sants than the N
1
-ImBI class.

Experimental testing. The 2-(4-phenyl) ImBI deriva-

tives were selected for the experimental search for pharma-

cological activity using the corazole-induced seizure model.

These and related compounds showed high levels of

anticonvulsive activity in various studies [8, 9, 18 – 20]. A

total of 15 water-soluble compounds including 8 N
9
-substi-

tuted ImBI derivatives (Fig. 1, II) and 7 N
1
-substituted ones

(Fig. 1, III) were selected. According to the PASS-computed

predictions, all these compounds should have exhibited the

following types of activity that were most probable for ImBI,

i.e., anticonvulsive and/or GABA
A
-agonist and/or sodium

channel blockade. Table 2 presents the experimental results.

All control animals that received solvent developed sei-

zures after corazole injection (75 mg/kg) in the following se-

quence. 1. One or more myoclonic twitches of the whole

body. 2. Repetitive clonic seizures of the fore and/or hind

paws lasting >3 sec without losing the rollover reflex. 3.

Generalized clonic seizures of fore and hind paws with loss

of the rollover reflex. 4. Tonic extensions of fore paws with

loss of rollover reflex. 5. Tonic extension of fore and hind

paws with loss of the rollover reflex. Seizures described in

points 1 – 3 were consistently observed in 90 – 100% of the

control animals after corazole injection. The negative control

group reached 100% lethality immediately after the fifth

stage of the seizure syndrome.

Valproic acid (130 mg/kg) suppressed development of

clonic convulsions lasting >3 sec in 50% of the animals. This

was statistically significantly greater than the negative con-

trol group (p < 0.05). The lethality in this group was 25%.

The tested compounds affected to different extents the

development of seizure syndrome and the incidence of lethal

outcomes. Compounds with laboratory codes RU-1205

(50%), RU-285 (40%), RU-1204 (40%), and RU-1203

(40%) exhibited the most pronounced ability to block clonic

convulsions lasting >3 sec. The values were statistically sig-

nificant relative to the negative control group (p < 0.05).

Compound RU-1205 prevented the deaths of 80% of the ani-

mals. Compounds RU-67, RU-87, and RU-1359 diminished

the lethality equally as well as the reference drug.

Free—Wilson analysis. Groups that altered consider-

ably the electron-density distribution in a phenyl ring, e.g.,

Cl, F, Br, CH
3
O, etc., were examined in addition to positional

changes of the N
1
- and N

9
-substituents and variations of their

types in order to ensure that the set was representative. Sev-

eral of them were distinctly electronegative (e.g., F); others,

electropositive (e.g., CH
3
O). Thus, a set of groups on the

benzene ring of 2-phenylimidazobenzimidazole that varied

sufficiently the electron density on this scaffold was exam-

ined.

Free—Wilson analysis of the contributions of substitu-

ents and the ImBI base structure to the anticonvulsive activ-

ity and the survival parameter was performed for 15 experi-

mentally studied compounds (Table 2). Table 3 presents the

results for four highly significant QSAR plots (p < 0.01).

The Free—Wilson model assumed that the variable char-

acterizing the biological activity was continuous although

the percent anticonvulsive effects in Table 3 that are gener-

ally accepted in pharmacology were qualitative in nature.

However, this violation of the boundary condition had to be

ignored in order to obtain numerical values for the contribu-

tions of substituents and base structures to the ImBI

anticonvulsive activity. Furthermore, the contributions of
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TABLE 1. Predicted Anticonvulsive Activity Spectra for 647 N
9
- and N

1
-ImBI Derivatives from the Compound Library of the Department of

Pharmacology, Volgograd State Medical University

Activity

Number of predicted active compounds, %

All ImBI N9-ImBI N1-ImBI

Anticonvulsive 69.2 71.3 60.6

Sodium channel blockade 19.0 20.0 15.0

GABAA-agonistic 68.5 66.0 78.7

GABA recapture inhibition 4.0 1.2 15.7

GABA aminotransferase inhibition 0.8 1.0 0.0

Glutamate antagonistic 4.9 4.8 5.5

Total 87.9 87.9 88.2



most substituents were computed at one or two points be-

cause of the small size of the training set. Therefore, data ob-

tained from Free—Wilson modeling were also treated as

qualitative. Their relative ratios should be considered not

quantitative but reflective of one tendency or another.

An analysis of the substituent contributions to the anti-

convulsive activity showed that 2-(4-fluoro), 9-morpholi-

noethyl, and 9-pyrrolidinoethyl in N
9
-substituted ImBI pos-

sessed pronounced positive effects; 2-(4-chloro), a moderate

effect. For N
1
-substituted ImBI, 1-(3-bromopropyl) had a

pronounced positive contribution to the activity; 2-(4-fluo-

ro), 2-(4-bromo), and 1-piperidinopropyl, a characteristic

moderate positive effect.

The contribution of the base structure to the anticonvul-

sive activity was much greater for N
9
-ImBI than for

N
1
-ImBI.

With respect to survival, substituents with a clearly pro-

nounced positive increment were not found among the

N
9
-ImBI derivatives. All five substituents with positive ef-

fects, i.e., 2-(4-methoxy), 2-(4-hydroxy), 2-(4-fluoro),

9-morpholinoethyl, and 9-allyl, contributed moderately to

the total activity. Conversely, three substituents, i.e.,

2-(4-fluoro), 1-(3-bromopropyl), and 1-diethylaminopropyl,

had pronounced positive contributions in the N
1
-derivatives.

1-Morpholinopropyl possessed a moderate positive effect.

The contribution of the base structure to the survival pa-

rameters was also greater for N
9
-ImBI than for N

1
-ImBI.

A comparison of the parameters for the two series

showed the following. The base structure of N
9
-substituted

ImBI contributed greatly to the anticonvulsive activity and

was more accommodating to the introduction of substituents

that increased it. Three substituents had pronounced positive

effects; one, a moderately positive effect. The base structure

of N
1
-substituted ImBI contributed much less to the activity

and was less accommodating to the introduction of substitu-

ents. Only one substituent had a pronounced positive effect;

three, moderately positive effects.

The base structure of N
9
-substituted ImBI also contrib-

uted greatly to the survival parameter but was not very ac-

commodating to the introduction of substituents increasing

it. All five substituents had moderate positive effects. The

base structure of N
1
-substituted ImBI contributed less to the

activity but was more accommodating to the introduction of

substituents increasing it. Three substituents had pronounced

positive effects; one, a moderate effect.

Thus, the parameter sets of N
9
-substituted ImBI were

more promising than those of N
1
-substituted ImBI for dis-
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TABLE 2. Effects of Tested Compounds and Reference Drug (Valproic Acid) on the Frequency of Corazole-induced Clonic Seizures in Mice

and Their Survival

Compound R
1

R
2 Anticonvulsive

effect, %

Survival,

%

Control (H2O) 0 40

Valproic acid 40* 70

N9-derivatives

RU-67 OCH3 -CH2CH2NC5H10 20 70

RU-87 OH -CH2CH2NC5H10 10 70

RU-273 Cl -CH2CH2NC5H10 30 50

RU-285 Cl -CH2CH2NC4H8O 40* 60

RU-1203 F -CH2CH2NC4H8 40* 60

RU-1204 F -CH2CH2NC5H10 40* 60

RU-1205 F -CH2CH2NC4H8O 50* 80

RU-1359 F -CH2CH=CH2 30 70

N1-derivatives

RU-598 Cl -CH2CH2NC5H10 0 30

RU-630 OCH3 -CH2CH2NC4H8 0 20

RU-727 Br -CH2CH2CH2NC5H10 10 40

RU-731 OCH3 -CH2CH2CH2NC4H8O 0 50

RU-1273 F -CH2CH2CH2Br 20 50

RU-1274 F -CH2CH2CH2N(C2H5)2 0 50

RU-1277 F -CH2CH2CH2NC4H8O 10 40

*
p < 0.05, statistically significant relative to the negative control.



covering compounds with high anticonvulsive activity. The

base structure of the N
9
-derivatives made substantial contri-

butions to both the anticonvulsive activity and the survival

parameter although it was more sensitive to the introduction

of substituents that increased the anticonvulsive activity.

It is noteworthy that these final results from the

Free—Wilson analysis agreed well with the predictions ob-

tained using the PASS software.

Pharmacophore analysis. Statistically significant signa-

tures of high anticonvulsive activity (p < 0.05) were found

for the whole studied series of compounds using IT Micro-

cosm. Then, pharmacophores were formulated based on

them (Table 4).

Four common signatures providing rather high levels of

anticonvulsive activity regardless of the position of the

substituent on the tricyclic N atoms were obtained in addi-

tion to the local trends that were found previously for the N
1
-

and N
9
-ImBI series.

Thus, the pharmacophore analysis allowed highly reli-

able integral structural signatures of the presence of

anticonvulsive activity to be determined for compounds of

the ImBI class.

A complex (Q)SAR analysis of the anticonvulsive activ-

ity as a function of the chemical structure of the ImBI deriva-

tives was performed by Free—Wilson and pharmacophore

analysis in IT microcosm using the PASS software.

Promising compounds (RU-1205, RU-285, RU-1204,

and RU-1203) that showed high levels of anticonvulsive ac-

tivity that were comparable with that of the reference drug

valproic acid with respect to the ability to prevent clonic sei-

zures in the corazole-induced seizure model at an ~1:30 mo-

lar ratio of test compound to reference drug were found.

It was demonstrated that the ImBI derivatives were a

promising class for seeking compounds with anticonvulsive

activity. Several N
9
-substituted ImBI were more promising

than N
1
-substituted ImBI as platforms for compounds with

high anticonvulsive activity.

A 4-fluoro substituent in the 2-position and a dialkyl-

aminoalkyl or cycloalkylaminoalkyl substituent in the ImBI

9-position were distinguishing features of highly active com-

pounds.
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TABLE 3. Free—Wilson Estimated Contributions of Substituents

and the Base Structure to Anticonvulsive Activity of Tested

N
9
-ImBI Derivatives

Substituent

Contribution of substituent

N9-ImBI N1-ImBI

Anticonvul-

sive effect,

%

Survival,

%

Anticonvul-

sive effect,

%

Survival,

%

R
1

4-Methoxy – 12.5 5.0 – 5.7 – 5.0

4-Hydroxy – 22.5 5.0 - -

4-Chloro 2.5 – 10.0 – 5.7 – 10.0

4-Fluoro 7.5 2.5 4.3 6.7

4-Bromo - - 4.3 0.0

R
2

3-Bromopropyl - - 14.3 10.0

Piperidinoethyl – 7.5 – 2.5 – 5.7 – 10.0

Piperidinopropyl - - 4.3 0.0

Morpholinoethyl 12.5 5.0 - -

Morpholinopropyl - - – 0.7 5.0

Diethylaminopropyl - - – 5.7 10.0

Pyrrolidinoethyl 7.5 – 5.0 – 5.7 – 20.0

Allyl – 2.5 5.0 – –

Base structure 32.5 65.0 5.7 40.0

Model

significance, p

0.00060 0.00105 0.00146 0.00865

TABLE 4. Pharmacophores of High Anticonvulsive Activity in Imidazo[1,2-a]benzimidazole Derivatives (p < 0.05)

No. Pharmacophore Description

1 F atom bonded to aromatic system conjugated to a chain of up to six

atoms that can pass through an aromatic system

2 Secondary imino group in an aromatic system bonded to an aromatic

system that passes completely through an aromatic system conju-

gated to a chain of up to six C atoms

3 Secondary imino group (possibly in a ring) bonded directly to a con-

jugated system

4 Five-membered heteroaromatic ring incorporated into a condensed

aromatic system



The obtained QSAR trends could be used to design and

focus the search for novel highly active anticonvulsants on

ImBI derivatives.
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