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Scheme 1. Reagents and condition: (i) 1,4-benzoquinone, C;HsOHaps., reflux.

in Scheme 1 were synthesized by oxidative coupling of
aromatic aldehydes (1a—1l) with 3,4-diaminobenzamidines
(2a—2b). As already mentioned, the synthesis and biological
evaluation of 15a,b—17a,b was accomplished as previously
reported (Figure 2).[22]

Amidino substituted benzimidazoles 15a,b-17a,b
were obtained in the cyclocondensation between the
aromatic aldehydes and 4-amidino/(2-imidazolinyl)-1,2-
phenylenediamines hydrochlorides 21-22 with p-
benzoquinone as oxidizing reagent in absolute ethanol with
moderate yields.

The structures of all newly prepared derivatives
were determined by using 1H and 13C NMR spectroscopy

and elemental analysis. NMR analysis was based on the
values of H-H coupling constants and chemical shifts in the
1H and 13C NMR spectra.

In Silico Analysis, Antibacterial Activity
and Structure Activity Relationship (SAR)
Biological potential of synthesized compounds (Scheme 1
and Figure 2) were estimated using Prediction of Activity
Spectra for Substances (PASS) via web service. PASS is
widely utilized for prediction of pharmacotherapeutic
effects and biological targets of drug-like compounds.[30.31]
The estimates are based on the SAR analysis of known
compounds with experimentally established biological
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Figure 2. Benzimidazole derivatives previously prepared 15a,b—17a,b.

activity spectra. The predicted activity spectrum is
presented in PASS by the list of activities with the
probabilities ‘to be active’ (Pa) calculated for each
activity.[28-30321 The probability, Pa, reflects the similarity of
a molecule under prediction with the structures of
molecules, which are the most typical in a sub-set of
‘actives’ in the structure—activity relationship (SAR) PASS
database. According to the PASS output the synthetized
compounds could potentially act as omptin inhibitors (Pa >
0.5). Omptins represent a unique group of integral outer
membrane (OM) proteases implicated in pathogenicity and
are present in a number of gram-negative pathogens.
Because of their direct involvement in pathogenesis,
omptins are prime candidates for therapeutic targeting.[33!
According to these predicted results we tested the in vitro
antibacterial activity of novel 2,5(6)-disubstituted benzimid-
azole derivatives 3a,b—17a,b against gram-negative bacteria
Escherichia coli (TolC-) and Moraxella catarrhalis (ATCC
23246). In addition, the in vitro antibacterial activity against
gram-positive bacteria including Staphylococcus aureus
(ATCC 29213) and Enterococcus faecalis (ATCC29212) was
evaluated. The minimal inhibitory concentrations (MICs) of
the newly synthesized compounds 3a,b-17a,b and of the
standard antibiotic azithromycin against all bacterial strains
were determined and are presented in Table 1. Structural
modifications at position 2 of benzimidazole have included
various aromatic fragments (Ar: pyrrole, pyridine, naphtha-
lene, quinoline, benzothiazole, benzofurane, benzothio-
phene and indole) and at position 5 two types of end
groups (R: un-substituted amidine and cyclic amidines)
(Scheme 1).

The antibacterial testing demonstrated that
variation of the fused heterocycles nuclei at position 2 of
benzimidazole had significant impact on selectivity and
activity towards different bacterial species (Table 1). In
general, all tested compounds showed weak to moderate
activity towards tested bacteria with the exception of
activity against Moraxella catarrhalis against which tested
compounds showed the highest potency. The most active
compounds (5a—b, 8a, 10a-b, 11a, 13a—b, 14a—b) exhibited
activity against Moraxella catarrhalis in the range of 2—4
pg/mL. These compounds have a substituent containing
fused benzene ring and six of them have indole ring bonded

to benzimidazole at position 3. The activities of molecules
10a-b, 13a—b and 14a-b, were not affected by substituents
at N-1 of indole or the type of amidino/imidazolinyl group
at C-5 of benzimidazole. The compound 13a also displayed
acceptable antibacterial activity towards Staphylococcus
aureus (MIC value 16 pug/mL), indicating its potential for
further development as a broad-spectrum antibacterial.
Among indole substituted benzimidazoles, the best activity
was observed for derivatives with indole bonded at their
position 3 to benzimidazole.

In addition to activity against Moraxella catarralis, the
benzothiophene derivative (8a) also showed moderate acti-
vity towards gram-positive bacterial strains, Staphylococcus
aureus and and Enterococcus faecalis, with MICs values 16
and 32 pug/mL, respectively (Table 1). Similarly, benzothiazole
derivatives (9a—b) were also active against Enterococcus
faecalis (MIC 32 and 64pg/mL, respectively) and Escherichia
coli (MIC of 8 pug/mL). These three indole derivatives have
shown the broadest spectrum of activity against the tested
bacterial strains. In comparison to molecules with hetero-
cycles containing fused benzene ring, the com-pounds 15a—
b, 16a-b and 17a-b, were generally less active against
Moraxella catarrhalis as well as other three tested strains
(Table 1). The substitution of pyrrole fragment with the
indole moiety, lead to 2—8 fold increase of the antibacterial
activity against Moraxella catarrhalis. Moreover, the activity
towards gram positive bacteria, especially against Staphylo-
coccus aureus was also increased by this structural modifica-
tion. In contrast to the compounds comprising indole and
heterocycles with sulphur, derivatives containing other
heterocycles with fused benzene ring such as na-phthalene,
(3a—b), quinoline (4a-b), bezofuran (7a—b) had moderate
activity against Moraxella catarrhalis (MICs 8-16 pug/mL).

Additionally, our compound design also included
structural modifications of the amidine moiety as our
previous experience with un-substituted amidines and
cyclic amidines revealed pharmacologically relevant
analogues with prominent biological activity.[2233]

Furthermore, it was previously shown that positively
charged terminal groups are responsible for accumulation
into cells.3435] Here presented pairs of acyclic and cyclic
amidine derivatives have shown almost identical activities
against all examined bacterial species.
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Table 1. cLogP/logD Values and minimal inhibitory concentrations (MICs) determined against four bacterial strains

MICs (ug/mL)
Cpd cLogP/logD7s*
S. aureus E. faecalis E. coli M. catarrhalis
3a 3.45/1.84 64 32 128 8
3b 3.73/2.15 64 64 128 8
4a 2.7/0.95 64 32 128 8
4b 2.98/1.82 >128 64 128 16
5a 2.56/2.07 128 64 128 4
5b 2.84/1.33 32 32 64 4
6a 2.49/0.73 128 128 >128 8
6b 2.77/1.59 128 >128 >128 16
7a 2.93/1.32 64 32 128 8
7b 3.21/1.62 128 32 128 8
8a 3.4/1.79 32 16 64 2
8b 3.68/2.1 128 32 128 8
9a 3.1/1.36 128 32 8 8
9b 3.38/2.23 64 64 8 8
10a 2.38/1.89 64 64 128 2
10b 2.66/1.11 >128 32 >128 2
11a 2.55/1.03 64 64 >128 4
11b 2.83/1.39 >128 >128 >128 32
12a 2.71/2.21 64 64 >128 4
12b 2.99/1.44 64 64 >128 8
13a 2.36/1.86 16 32 128 2
13b 2.64/1.08 32 32 128 2
14a 2.22/1.73 64 >128 >128 2
14b 2.5/0.96 >128 >128 >128 2
15a 1.27/-0.47 >128 >128 128 32
15b 1.56/0.4 >128 128 >128 64
16a 1.18/0.68 >128 128 64 32
16b 1.46/-0.09 128 128 64 16
17a 0.58/-0.12 128 128 128 128
17b 0.86/-1.11 >128 >128 >128 128
Azitromicin - 4 4 16 0.25
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Table 2. Classification models for two definitions of active (YES) and inactive (NO) compounds, against M. catarrhalis, built in

terms of calculated lipophilicity parameters

Classification models by See5

clogP clogD7.s

MIC <16 YES
MIC >16 NO

MIC <16 YES
MIC =16 NO

logP < 1.56: NO (6/1)
logP > 1.56: YES (24/1)

logP < 1.56: NO (9/3)
logP > 1.56: YES (21/0)

logD7s <0.68: NO (6/1)
logDys > 0.68: YES (24/1)

logD~s <0.30: NO (9/3)
logDys > 0.30: YES (21/0)

(@) (Total number of compounds in a given class/ number of misclassified compounds) For example, of 6 inactive compounds, five are correctly predicted as

inactive and one is a false positive.

The lipophilic character of compounds has been
found to be important parameter for the observed activity
of the tested benzoimidazole derivatives against Moraxella
catarrhalis. In general, the compounds with clogP > 1.56
and logDs > 0.68 showed noteworthy antibacterial activity
(<16 pg/mL) against Moraxella catarrhalis (Table 2). These
results are in agreement with previous findings which
suggested increased susceptibility of Moraxella catarrhalis
to hydrophobic agents.[38] The observed relationship is
probably associated with more efficient intracellular
partitioning of active compounds.

The outer membrane of gram-negative bacteria is
composed of lipopolysaccharide molecules (LPS) that form
a hydrophilic environment providing protection against
hydrophobic molecules.37! Additionally, cells of Moraxella
catarrhalis have on their surface low molecular weight
lipooligosaccharides (LOS) instead of LPS which contribute
to the increased hydrophobicity of its outer membrane.
Consequently, more lipophilic molecules may show distinct
antimicrobial activity against Moraxella catarrhalis as a
result of higher cellular uptake.

CONCLUSION

In conclusion, a series of novel amidino substituted
benzimidazole derivatives were designed and synthesized
in good yields. A convenient and efficient synthetic route
was applied starting from commercially available different
heterocyclic aldehydes and all new compounds were
characterized by H NMR, 13C NMR and elemental analysis.
The in vitro antimicrobial activities of newly prepared
benzimidazole derivatives were evaluated against four
bacterial strains.

All tested compounds except compounds 17a and
17b inhibited the growth of human respiratory tract patho-
gen Moraxella catarrhalis. The lipophilic character of com-
pounds has been found to be related to the observed activi-
ty of the tested benzimidazole derivatives against Moraxe-
lla catarrhalis. The compounds with clogP > 1.56 and

clogDss > 0.68 showed antibacterial activity against Mora-
xella catarrhalis. The analysis of antibacterial, clogP and
logD results revealed that the most promising compound is
the one with the fused heterocyclic group at 2-position of
amidino substituted 1-methylindol-2-yl derivative 13a.
Moreover compound 13a exhibited potent antibacterial
activity towards Staphylococcus aureus and Moraxella
catarralis. Furthermore, the SAR results obtained in this
study will be applied for the further optimization of this
heteroaromatic core and for the design of novel derivatives
in order to improve initially observed antibacterial activity.
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