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ABSTRACT

During the last few years the potential of benzimidazole derivatives in agrochemical and medicinal properties have been subjected to
investigation. benzimidazole derivatives have been received central attention due to their significant antimicrobial, antibacterial,
antifungal, anti-HIV, anticancer, and a wide array of other biological activities. The formation of 2-aryl-substituted benzimidazoles, by
the polyphosphoric acid-catalyzed condensation of a carboxylic acid, with an o-amino-arylamine is described. The condensations
proceed in good yield to give products which, in certain instances, are not readily attainable by conventional condensation techniques.
The study of Benzimidazole containing Schiff bases is also of interest as some of them have shown the ability to anticancer. The
structures of the compounds were identified by FT-IR, '"H NMR, ?C NMR and elemental analysis. Cytotoxic effects of benzimidazole
derivatives on human cervical and colon cancer cell lines HeLa and SW-620 was determined spectrophotometrically by using Alamar
Blue. Benzimidazole derivatives selectively inhibited proliferation of cancerous cell lines. None of the benzimidazole Schiff base
derivatives inhibits proliferation of SW-620 while 4-APbzlH, 4SAPbz1H and 3SAPbz1H dose dependently inhibit proliferation of HeLa

cells with IC50 of 230 uM, 110.6 uM and 101.3 pM, respectively.
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1. INTRODUCTION

Benzimidazoles have been known to be a very important
class of heterocyclic organic compounds [1,2]. Theirs contain a
phenyl ring fused to an imidazole ring. Benzimidazole and their
derivatives have diverse applications in coordination chemistry,
photophysics, photochemistry and bioinorganic chemistry [3-7]. In
recent years, this class of organic compounds has garnered a lot of
attention, especially due to their applications in various biological
studies [8]. Some noteworthy because of their widespread
pharmaceutical importance and Dbiological activities of
benzimidazoles are against several viruses including antimicrobial
agents [9,11], anti-inflammatory [12], potential anti-tumor agents
[13], anti-parasitic agents [14], antibacterial [15], anthelmintic
[16], antifungal [17], anti-inflamatory [18], antiviral [19] and
analgesic [20] properties.

The compounds with azomethine group in its structure are
known as Schiff bases, which are synthesized by the condensation
reaction of primary amines and active carbonyl groups [21]. Schiff
bases of benzimidazole have been reported with remarkable
antibacterial [22], antimicrobial [23] and antiproliferative [24]
activities. Traditionally, benzimidazoles have most commonly
been prepared from the reaction of o-phenylenediamine with

2. EXPERIMENTAL SECTION

2.1. Materials and Methods. All the chemicals were purchased
from  Aldrich.  2-(4-Aminophenyl)-1H-benzimidazole
prepared according to literature procedures [33]. Melting points
were measured using an Optimelt Automated Melting Point

was

carboxylic acids under harsh dehydrating reactions, utilizing
strong acids [25,26]. However, though the use of milder reagents,
particularly Lewis acids [27], inorganic clay [28] or mineral acids
[29] has improved both the yield and purity of this reaction. The
imidazole family of compounds plays an important role in
biological and chemical systems. A variety of drugs contain an
imidazole ring, and include the antifungal azoles, inhibitory
activity, nitro imidazole and the sedative, midazolam [30,31].
Benzimidazoles derivatives have been chosen as target molecules;
benzimidazole derivatives have several medicinal uses, such as
antivirals, anticancer, antihypertensive, antihistamines and
antiulcer [32].

The present study reports a method for achieving
benzimidazole Schiff base systems formed by reaction 2-(4-
Aminophenyl)-1H-benzimidazole [33] and 3-
hydroxybenzaldehyde, [34,35] 4-hydroxybenzaldehyde. Herein,
we reported the synthesis of aldehydes and its Schiff base as a new
template. (Fig. 1), The aldehydes are then reacted with 2-(4-
Aminophenyl)-1H-benzimidazole to afford the corresponding
benzimidazole Schiff bases [34,38].

System (Digital Image Processing Technology) SRS apparatus.
Elemental analyses (C,H,N) were performed using a Leco, CHNS-
932 model analyzer. '"H NMR spectra were recorded at room
temperature with a Varian, 400 MHz spectrometer using TMS as
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an internal standard. FT-IR spectra were recorded with a Perkin-
Elmer Spectrum 100 with Universal ATR Polarization Accessory.
The pH values were measured with a WTW pH 537 pH meters.
2.2. Synthesis of 2-(4-Aminophenyl)-1H-benzimidazole(4-
APbzIH). The 2-(4-Aminophenyl)-1H-benzimidazole (4-APbzlH)
was prepared according to the literature method [33].

2.3. Synthesis of 2-((4-Aminophenyl)-1H-benzimidazole)-N-(3-
hydroxybenzylidine) (3SAPbz1H) and 2-((4-Aminophenyl)-
1H-benzimidazole)-N-(4-hydroxybenzylidine) (4SAPbz1H).
The Schiff base, 3SAPbz1H and 4SAPbz1H were obtained as a
solid by refluxing a mixture of 4-APbzlH (5.0 g 24 mmol) and 3-
hydroxybenzaldehyde (3.54 mL; 29 mmol) or 4-
hydroxybenzaldehyde (3.54 mL; 29 mmol) in ethanol (35 mL) for
about 6 h, followed by evaporation of the solvent to a small
volume. The solid was washed with ether and recrystallised from
ethanol and dried in a vacuum. (3SAPbz1H) Yield: (65%); m.p.:
285 °C; The CHN analyses of the compound corresponded to the
molecular formula C,,H;5sN30. Elemental analysis Found: C,
76.63; H, 4.84; N, 13.43%). Calc.: C, 76.66; H, 4.82; N, 13.41;
%). FT-IR(cm™): 2952(0H), 2616 (NH), 1702 (CH=N), 1609
(C=C), 1556 (C=N), 1270 (C-Oppenotic). 'H NMR (400 MHz,
DMSO-d¢) (8: ppm): 12.91 (s, H, NH), 12.47 (s, H, OH), 9.08 (s,
H, CH=N), 8.30-8.28 (d, 2H, CH,om), 7-11 (t, H, CHyom), 7.87 (t,
H, CHyom),7.61-7.63 (d, 2H, CH,om.), 6.69-6.67 (d, 2H, CHom.),
7.43-7.71 (m, 4H, CHgem). “C NMR (100 MHz, DMSO-d,,
25°C) (6: ppm): 191.36, 161.39, 153.59, 153.05, 151.60, 151.04,
132.57, 131.38, 128.22, 122.01, 117.69, 116.19, 114.01.
(4SAPbz1H) Yield: (70%); m.p.:305 °C; The CHN analyses of
the compound corresponded to the molecular formula Cy H;sN;O,
Found: C, 76.64; H, 4.84; N, 13.43%). Calc.: C, 76.66; H, 4.82; N,
13.41; %). FT-IR(cm™): 3055 (OH), 3320 (NH), 1673 (CH=N),
1600 (C=C), 1538 (C=N), 1281 (C-Oppenoiic)- 'H NMR (400 MHz,
DMSO-d¢): (8: ppm): 10.09 (s, H, NH), 9.76 (s, H, OH), 8.39 (s,

3. RESULTS SECTION

2-(4-Aminophenyl)-1H-benzimidazole (4-APbzIH) [33],
was prepared by the reaction of 1,2-phenylendiamin with 4-
aminobenzoic acid (Fig. 1). The structural formulate of the 2-(4-
aminophenyl)-1H-benzimidazole (4-APbzIH) was verified by
elemental analysis, '"H NMR and FT-IR [33]. Condensation of 2-
((4-Aminophenyl)-1H-benzimidazole)-N-(3-hydroxybenzylidine)
(3SAPbz1H) and 2-((4-Aminophenyl)-1H-benzimidazole)-N-(4-
hydroxybenzylidine) (4SAPbz1H) with 3-aminophenol and 4-
aminophenol readily furnishes the corresponding “benzimidazole-
Schiff bases” [34-38] (Fig.1).

These compounds were characterized by their elemental
analysis, 'H NMR, "*C NMR and FT-IR [34-43]. As a result of
replacement of the carbonyl by the imines groups the band at 1665
cm™ for the C=0 stretch in the FT-IR spectrum disappeared, and
appeared band at 1702-1673 cm™ for azomethine C=N group
(3SAPbz1H) and (3SAPbz1H) respectively, In the ligands2-((4-
Aminophenyl)-1H-benzimidazole)-N-(3-hydroxybenzylidine)
(3SAPbz1H) and 2-((4-Aminophenyl)-1H-benzimidazole)-N-(4-
hydroxybenzylidine) (4SAPbz1H)the band at 2952, 3055 cm™ can
be assigned to the -OH group vibrations, respectively [34,39].To

H, CH=N), 8.20 (dd, 2H, CH_om), 8.18 (dd, 2H, CH,om), 7.74-7.72
(d, 2H, CHgyrom.), 7-80 (t, H, CHypom,), 7.20 (t, H, CHypom,), 6.91-6.89
(d, 2H, CHyom), 6.64-6.62 (d, 2H, CHypom). °C NMR (100 MHz,
DMSO-dg, 25°C) (6: ppm): 185,17, 165,87, 158.06, 151.17,
152.18, 154.27, 155.18, 138.57, 133.48, 130.12, 129.27, 123.69,
119.14, 117.01, 112.57.

2.4. Determination of Benzimidazole Schiff base Derivatives on
Human Cancerous Cell Lines. (Cell Culture and Transfection).
The human cervical cancer cell line, HeLa (CCL-2™) and colon
cancer cell line, SW-620 (CCL-227™) were provided from ATCC
(American Type Culture Collection, ATCC, Rockville, MD,
USA). Cell lines were routinely cultured in Eagle's Minimum
Essential Medium (EMEM) and Leibovitz's L-15 Medium,
respectively supplemented with 10% fetal bovine serum (FBS),
100 U/ml penicillin, 100 pg/ml streptomycin, and incubated at 37
°C in a humidified atmosphere containing 5% CO, or 100% air.
The grown cells were harvested by trypsinization and serially
subculture. The growth media were also used for dilution of
benzimidazole Schiff base derivatives.

2.5. Determination the Effects of benzimidazole Schiff base
derivatives on Cell proliferation of HeLa and SW-620 Cell
lines. The human cervical and colon cancer lines HeLLa and SW-
620 were seeded into 96-well plates as 6 replicates to determine
effects of benzimidazole Schiff base derivatives on proliferation of
cancer cells and ICs) value (Concentration of molecules that
inhibits half of the viability of cancer cell). 4 x10* cells were
seeded into96-well plate and incubated for 24 h at 37 °C in 5%
CO,/100% air. Following one-night incubation, cells were
transfected with various concentrations of benzimidazole Schiff
base derivatives, ranging from 1 pM to 200 pM. Differences in
cell growth was monitored by alamar blue method in which
conversion of resazurin (blue color) to resorufin (pink color)
measured by spectrophotometrically.

identify the structures of the (3SAPbz1H) and (4SAPbz1H) , the
'H NMR spectra were recorded in DMSO-ds. '"H NMR spectra
were also in good correlation with the structures of the synthesized
compounds. The 'H NMR spectrum signals of ligands
(3SAPbz1H) and (4SAPbz1H) at 6 (ppm), 12.91-10.09 ppm and
12.47-9.76, correspond to the -NH and -OH proton resonances,

respectively.
NH, HO
L, O
NH, °

\ PPA

H

N
Cr-O

N
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(3SAPbz1H) (4SAPbz1H)

Figure 1. Proposed structures of the benzimidazole Schiff bases.
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Figure 2. "C NMR Spectrum of 2-((4-Aminophenyl)-1H-
benzimidazole)-N-(3-hydroxybenzylidine) (3SAPbz1H).
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Figure 3. ""C NMR Spectrum of 2-((4-Aminophenyl)-1H-

benzimidazole)-N-(4-hydroxybenzylidine) (4SAPbz1H).

The signal for HC=O group disappeared, and the signal at
higher field for the -CH=N and —OH proton in the 'H NMR
spectrum. The *C NMR spectrum signals of ligands results (Fig. 2
and Fig. 3) are in a good agreement with the proposed formula of
the ligands. The “benzimidazole Schiff bases” prepared in this
way is obtained in nearly quantitative yield and is of high purity
[34-43].

Alamar blue assay [44] was conducted to investigate
cytotoxic effect of benzimidazole Schiff base derivatives on HeLa
and SW-620 cell lines. As shown in Fig.5, benzimidazole Schiff
base dose dependently inhibited proliferation of HeLa cells while

4. CONCLUSIONS

In this study, 2-((4-Aminophenyl)-1H-benzimidazole)-N-
(3-hydroxybenzylidine) (3SAPbzlH) and 2-((4-Aminophenyl)-
1H-benzimidazole)-N-(4-hydroxybenzylidine) (4SAPbz1H) were
synthesized by the reaction of 2-(4-Aminophenyl)-1H-
benzimidazole (4-APbzlH), 3-hydoxybenzaldehyde and 4-
hydoxybenzaldehyde according to the literature. Compounds
3SAPbzlH and 4-SAPbzlHwere originally synthesized. The
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