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In this study, the investigation of structure-activitiy relation-
ships for some newly synthesized benzimidazole structures was
aimed. For this purpose, eight compounds having 1,5(6)-H/or
-CH; and 2-substituted benzimidazol e structures were synthesi zed.
Subsequently, their antimicrobial activitieswere examined. These
compounds were tested in vitro against three Gram positive
(Enterococcus faecalis, Saphylocccus aureus and Saphylocccus
epidermidis) and two Gram negative bacteria (Escherichia coli,
Pseudomonas aeruginosa). I n addition, they were screened in vitro
for their antifungal activities. All of these compounds inhibited
the growth of Gram positive and Gram negative bacteriaat MIC
values between 12.5 and 200 pg/mL and had M1 C values between
50 and 200 pg/mL for the following fungi (Candida albicans,
Candida krusei, Candida glabrata, Candida tropicalis and
Candida parapsilosis).

Key Words: Benzimidazole, Antimicrobial, Antibacterial and
Antifungal activity.

INTRODUCTION

The frequency of microbia infection in humans has increased dra-
matically because of multi-drug resistant microbial isolates (e.g., fungi and
bacteria)'*. Theincreasing clinical significance of drug-resistant bacterial
pathogens has lent additional urgency to microbiological and antibacterial
research. It iswell established that benzimidazoles exhibit a wide variety
of pharmacological properties such as antimicrobial®, antitumor®’ and
inhibition of nucleic acid synthesis®. Many anticancer drugs (such as Imet
3393 (cytostasan)®, oncodazole'™, Hoechst 33258 (pibenzimol)® have a
benzimidazole ring in their structures. In addition, the discovery of imida-
zole and related structures in biologically important molecules (such as
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ionheme systems, vitamin By, and itsderivatives), there has been increased
interest in imidazole chemistry. Benzimidazole derivatives and their metal
complexes have been investigated as model compounds for a number of
biological molecules including metalloenzymes and serine proteases™.
Benzimidazoleisfoundin avariety of naturally occuring compounds such
asvitamin By, and itsderivatiesand it is structurally similar to purin bases.

The overall object of the study wasto achieve better understanding the
antimicrobial activity of the benzimidazole ring at some fungi and bacte-
ria. In this study, eight benzimidazole compounds having 1,5(6)-H/or-CH,
and 2-substituent (-CHzOH, -CHzNHz, -CH3, -Csz, -CstH) benzimida-
zoles structures were synthesized (Fig. 1). In particular, the role of free
N-H group in the benzimidazol e ring with respect to antimicrobial activity
was investigated through the synthesis of a series of compounds with and
without this group. Synthesis of the compounds (1-8) has previously been
reported by our research group'*®. These compounds were investigated
for microbiological activity against bacterial and yeast isolates. Their
antibacterial activities were investigated using three Gram positive
(Enterococcus faecalis, Staphylocccus aureus and Staphylocccus
epidermidis) and two Gram negative (Escherichia coli, Pseudomonas
aeruginosa) bacteriaand employing broth microdilution. Subsequently, their
antifungal inhibitory activities were investigated against yeast-like fungi
(Candida albicans, Candida krusei, Candida glabrata, Candida tropicalis
and Candida parapsilosis).

Structural elucidation of these compounds was performed by IR, *H
NMR and elemental analysis.

R NH, R N R N
[ :[ . N . \C[\ .
NH, \C[T% T>7
H

R"

Comp R R' Comp. R R"
1 -CH,OH -H 3 -CH.OH -H
2 -CH,OH -CHs 6 -CHs -CHs
4 -CHzNH, -H
5 -CHs -H
7 -CHs -H
8 -CHzSH -H

Reagents: (i) RCOOH, % 5.5 N HCI, reflux 2-30 h (ii) NaH, Mel, DMF, reflux, 24 h

Fig. 1. General synthesis scheme of the compounds

Structures and formulas, purification procedures, physical and spec-
tral data of the compounds are shown in Table-1 respectively.
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EXPERIMENTAL

Melting pointswere measured on an Electrothermal 9200 melting point
apparatus and were uncorrected. Infrared spectra were recorded in KBr
pellets on a Mattson 1000 FTIR spectrometer in the range 4000-400 cm™.
Proton magnetic resonance (*H NMR) spectrawere recorded in DM SO-ds
(Merck) on a Bruker 400 MHz spectrometer. All chemicals and solvents
used were of reagent grade (Aldrich, Merck, Sigma) and were used with-
out further purification. Thin-layer chromotography (TLC) was perfomed
on pre-coated aluminium plates (Silica gel 60 Fzss, Merck). Plates were
visualized by UV light, Dragendorff reagent and iodine vapour.

General procedure for the synthesis of benzimidazoles (1-8)

1,5(6)-H/-methyl-2-substituted benzimidazol es were prepared accord-
ing to the Phillips method"’. Equimolar amounts of diamine (o-phenylene-
diamine, 3,4-diaminotol uene) and the corresponding carboxylicacidin 5.5N
hydrochloric acid were refluxed for 2-30 h. The solution was cooled in an
ice bath and neutralized with sodium bicarbonate. The resulting precipi-
tate was filtered off, washed several times with water and purified by
recrystallization. 1-Methyl benzimidazoles were prepared from the corre-
sponding 1H-benzimidazoles by the reaction with methyl iodide in the
presence of sodium hydridein DMF.

Preparation of the cell culture

To evaluate cytotoxicity of chemical synthesis for human cells, the
HEp-2 cell line (HEp-2 cell line no: ATCC CCL 23) was selected. The cell
culture medium consisted of EMEM (Eagle's Minimum Essential Medium)
with fetal calf serum (Seromed, Biochrom KG, Germany) at aratio of 10 %
as the growth factor. The cells were incubated in an atmosphere of 5 %
carbon dioxide at 37°C.

In order to test the effect of the synthesized compoundson HEp-2 cells,
5 x 10 cells were seeded into each well of 12-well plates, cultured for 6 h
at 28°C and the cells were alowed to grow for an additional 48 h. The
synthesized compoundswere diluted and decreasing amounts (1500, 1000,
800, 400, 200, 100, 75, 50, 25, 12.5 and 6.25 pg/mL) were placed per well.
The cytotoxicity of the compounds was determined using a conventional
haemocytometer and the trypan blue-exclusion method®®. The highest
noncytocidal (on HEp-2 cells) concentration of the synthesized compounds
was determined to be 1000 pg/mL. Therefore, up to 1000 pg/mL was used
for the determination of the antimicrobial activities.

Antimicrobial activity

Stock solutions of the synthesized compounds were prepared by
dissolving in methanol and then diluting in Mueller-Hinton broth and
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Sabouraud dextrose broth to give an initial concentration of 8 mg/mL.
Further dilutions of the compounds and standard drugs in the test medium
were prepared at the required quantities at concentrations of 800, 400, 200,
100, 75, 50, 25, 12.5 and 6.25 pg/mL. In order to ensure that the solvents
had no effect on microbial growth, a control test was also performed
containing inoculated broth supplemented with only methanol and dim-
ethyl sulfoxide at the same dilutions used for the test compounds and was
determined to be inactive. The minimal inhibitory concentrations (MIC)
for each compound was investigated against standard bacteria strains;
Escherichia coli (ATCC 25922), Enterococcus faecalis (ATCC 29212),
Pseudomonas aeruginosa (ATCC 27853), Saphylococcus aureus (ATCC
29213) and Saphyl ococcus epidermidis (ATCC 12228) and yeast-likefungi;
Candida albicans (ATCC 90028), Candida krusei (ATCC 6258) and
Candida parapsilosis (ATCC 22019), Candida tropicalis (ATCC 22019)
and Candida glabrata (ATCC 32554) obtained from the Refik Saydam
Hifzisihha Institute, Ankara, Turkey.

Flucanazole and ampicillin were used as control drugs. The observed
data on the antimycotic activity of the compounds and the control drugs
aregivenin Tables2 and 3.

TABLE-2
MIC VALUES (ug/mL) FOR BACTERIA OF THE
TESTED COMPOUNDS

Compounds E._ P S _ S N E. .
cali aeruginosa  aureus  epidermidis  faecalis

1 50 50 50 12.50 50

2 50 50 50 12.50 50

3 100 100 100 50.00 100

4 25 25 200 12.50 50

5 50 50 50 12.50 25

6 50 100 100 50.00 100

7 50 25 50 25.00 100

8 100 50 25 12.50 25
Ampicillin 6.25 312 312 1.56 6.25

Antibacterial assay

The cultureswere prepared in Mueller-Hinton broth (Difco, MI, USA)
for all the bacteriaand incubated for 24 h at 37 £ 1°C. Testing was carried
out in Mueller-Hinton broth at pH 7.4 and the twofold serial dilution
technigue was applied. The microorganisms were grown overnight in
Mueller-Hinton broth at 37 + 1°C and the fina inoculum size was 10°
CFU/mL for the antibacterial assay. A set of tubes containing only inocu-
lated broth was kept as controls. After inculation for 24 h at 37 = 1°C, the
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lowest concentration that showed no growth of microorganism wasrecorded
as the MIC expressed in pg/mL. These experiments were duplicated to
define the MIC values.

TABLE-3
MIC VALUES (ug/mL) FOR YEAST-LIKE FUNGI OF
THE TESTED COMPOUNDS
Compounds C C. C. . C‘. . C .
albicans  glabrata krusel  parapsilosis tropicalis
1 50 50 200 100 200
2 50 50 50 100 100
3 50 50 100 100 200
4 50 50 50 50 50
5 100 100 50 50 100
6 100 100 100 100 100
7 50 50 100 50 100
8 50 50 100 200 100
Flucanazole  6.25 312 31.2 312 6.25

Antimycotic assay

The yeasts were maintained in Sabouraud dextrose broth (Difco, Ml,
USA, pH 7.4) and incubated for 24 h at 25 + 1°C. The two fold seria
dilution technigue was applied. The microorganismswere grown overnight
in Mueller-Hinton broth at 37 + 1°C and the final inoculum size was 10"
CFU/mL for the antifungal assay. A set of tubes containing only inocul ated
broth was kept as a control. After incubation for 48 h at 25 + 1°C, the
lowest concentration that showed no growth of yeast was recorded to
represent the M1C expressed in pg/mL. Each experiment was duplicated in
order to define the MIC values.

RESULTSAND DISCUSSION

The synthesized compounds were evaluated in vitro for antimicrobial
activity against E. coli, P. aeruginosa, S. aureus, S. epidermidis, E. faecalis,
C. albicans, C. glabrata, C. krusei, C. parapsilosis, C. tropicalis.
Flucanazole and ampicillin were used as controls (Tables 2 and 3). All of
the compounds were able to inhibit the growth of the screened microor-
ganisms in vitro with MIC values between 12.5-100 pg/mL. Among the
compoundstested, 1, 2, 4, 5, 8 showed potent activity against S. epidermidis
(ATCC 12228) with MIC values of ca. 12.5 pg/mL which was one order of
magnitude lessthan that of ampicillin (1.56 pg/mL). The other compounds
3, 6, 7 were relatively less active. In addition, the antibacterial activity of
these compounds was more efficient against Gram positive bacteria than
Gram negative bacteria.
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The MIC values against Saphylococcus aureus (ATCC 29213) were
of the order of 25-200 pug/mL. On the other hand, MIC valuesfor E. faecalis
(ATCC 29212) were 25-100 pg/mL. It was determined that these compunds
possessed antibacterial activity against gram negative bacteria at similar
levels (25-100 pg/mL) as obtained for S. aureus (ATCC 29213). Hence,
the tested compounds may be regarded as highly active against S.
epidermidisand less active against E. coli, P. aeruginosa, S. aureusand E.
faecalis.

The antifungal assessment revealed that the compounds possess only
moderate or sight activity. The MIC values are generally within the range
of 50-200 pg/mL. By comparing their MIC values with flucanazole, the
compounds were less active against C. albicans, C. glabrata, C. krusei, C.
parapsilosis and C. tropicalis.

Aswe consider all results obtained from antifungal and antibacterial
tests together and concluded that entire compounds tested more active
towards bacteriathen fungi. The reason for the lower antifungal activity of
these compounds may be due to different structure of cell walls in fungi
and bacteria. The fungal cell wall and cell membrane are fundamentally
different from those of bacteriaand other eukaryotes. Fungal cell wallsare
composed largely of chitin, apolymer of N-acetylglucosamine, rather than
peptide-glican-a characteristic component of bacterial cell walls. The
fungal membrane contains ergosterol rather than the cholesterol found in
mammalian membranes™.

When the compounds bearing -NH group are compared to those with
—N-CH; substituents regarding antibacterial and antifungal activities, the
ones with —NH group were found to be more active. Thus, this may
indicate the necessity to have such functional groups for antibacterial and
antifungal activities in this kind of compounds. However, it still requires
further investigation; the experiments regarding the structure activity
relationship are stil underway.

ACKNOWLEDGEMENT

The authors would like to thank Prof. Dr. Fatma Gumts, Faculty of
Pharmacy, Gazi University, Turkey for her valuable support.

REFERENCES

1. B.H.Vanden, F. Dromer, |. Improvisi, C. Lozano, JH.M. Rex and D. Sanglard, Med.
Mycol., 36 (Suppl 1), 119 (1998).

V.T. Andriole, Curr. Clin. Top. Infect. Dis., 18, 19 (1998).

M.A.Ghannoum and L.B. Rice, Clin. Microbiol. Rev., 12, 501 (1999).

R.C. Boruah and E.B. Skibo, J. Med. Chem., 37, 1625 (1994).

N.V. Murty, M.A.S. Chargaand P. Lingaiah, Indian Bot. Reptr., 3, 77 (1984).

agkrwn



3092 Algul et al. Asian J. Chem.

6.

7.

8.
9.

10.

11.
12.
13.
14.
15.

16.

17.
18.

19.

G L. Gravatt, B.C. Baguley, R.W. Wilson and W.A. Denny, J. Med. Chem., 37, 4338
(1994).

S.Ram, D.S. Wise, L.L. McCall, JW. Wotring and L.B. Townsend, J. Med. Chem., 35,
539 (1992).

R.A. Bucknall and S.B. Carter, Nature, 1099 (1967).

PN. Preston, Chem. Rev., 74, 279 (1974).

L.l. Kruse, D.L. Ladd, PB. Harrsch, F.L. McCabe, S.-M. Mong, L. Faucette and R.
Johnson, J. Med. Chem., 32, 409 (1989).

B.J. Jones and K.E. Taylor, Can. J. Chem.,, 53, 1653 (1977).

O.Algul, M.Sc. Thesis, Gazi University, Ankara, Turkey (1994).

O. Algul, U. Abbasoglu and F. Gumus, FABAD J. Pharm. Sci., 24, 133 (1999).

F. Gumus, F. 1zgu and O. Algul, FABAD J. Pharm. ci., 21, 7 (1996).

F. Gumus, O. Algul, G. Eren, H. Eroglu, N. Diril, S. Gur and A. Ozkul, Eur. J. Med.
Chem.,, 38, 473 (2003).

F. Gumus, |. Pamuk, T. Ozden, S.Yildiz, N. Diril, E. Oksuzoglu, S. Gur and A. Ozkul,
J. Inorg. Biochem., 94, 255 (2003).

M.A. Phillips, J. Chem. Soc., 2393 (1928).

F.G Burlesson, T.M. Chambers and D.L. Wedbrauk, Cytopathic Effect Inh. Bioassay,
InVirology A Laboratory manual, Academic Press, ING,, New York (1992).

W.A. Strohl, H. Rouse, B.D. Fisher, ineds.: R.A. Harvey and PA. Champe, Lippincott's
Illustrated Reviews, Lippincott Williams & Wilkins, p. 266 (2001).

(Received: 26 August 2006; Accepted: 30 January 2007) AJC-5363

Contact:
Website: http://www.ozonesoftware.com/wh/conferences/ CSC2007/

THE 90th CANADIAN CHEMISTRY CONFERENCE
AND EXHIBITION

26-30 MAY 2007

THE WINNIPEG CONVENTION CENTRE IN WINNIPEG,
MANITOBA, CANADA




