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ÖZ

Amaç: Bu çalışmada bazı yeni 2-(2-fenil)-1H-benzo[d]imidazol-1-il)-N’-(arilmetilen) asetohidrazit türevleri tasarlanmış ve sentezlenmiştir.
Gereç ve Yöntemler: 1-12 numaralı bileşikler 2-(2-fenil)-1H-benzo[d]imidazol-1-il) asetohidrazitin (III) uygun aromatik aldehitlerle etanol içinde 
katalitik miktarda hidroklorik asit eşliğinde kondensasyonuyla elde edilmiştir.
Bulgular: Yapı aydınlatılmasını takiben, epidermal büyüme faktör reseptörü kinaz inhibitörü aktivitesi, kinaz reaksiyonu sırasında üretilen ADP 
miktarının nicelenmesine dayanan kinaz aktivitesini belirleyen ADP-GloTM kinaz yöntemi ile tespit edilmiştir.
Sonuç: Bileşiklerin kinaz inhibitörü aktiviteleri oldukça sınırlıdır. 
Anahtar kelimeler: Benzimidazol, asetohidrazit, epidermal büyüme faktörü reseptörü kinaz, inhibitör
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Objectives: In this study, some novel 2-(2-phenyl)-1H-benzo[d]imidazol-1-yl)-N’-(arylmethylene) acetohydrazide derivatives (1-12) were designed 
and synthesized. 
Materials and Methods: Compounds 1-12 were obtained by condensing 2-(2-phenyl)-1H-benzo[d]imidazol-1-yl)acetohydrazide (III) with the 
corresponding aromatic aldehyde derivatives in the presence of catalytic amounts of hydrochloric acid in ethanol. 
Results: Following the structure elucidation, epidermal growth factor receptor kinase inhibitor activity was measured. The ADP-GloTM kinase assay 
determines kinase activity based on the quantification of the amount of ADP produced during a kinase reaction. 
Conclusion: Almost all of the compounds’ kinase inhibitor activities were rather limited.
Key words: Benzimidazole, acetohydrazide, epidermal growth factor receptor kinase, inhibitory
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INTRODUCTION
Cancer is a lethal disease characterized by an uncontrolled 
proliferation of cells, invasive nature, and metastasis. In 
developed countries, following cardiovascular diseases, it is the 
second most common cause of death. According to research 
conducted worldwide in 2015, 8.8 million people died of cancer, 
which is nearly 1 in 6 of all deaths.1 With standard therapies, 
cancer is often not completely removed and new treatments are 
sought. 

Tyrosine kinase belongs to the protein kinase family and it provides 
for protein phosphorylation.2 Phosphorylation of proteins 
through kinases plays an important role in signal transduction 
mechanisms. Changes that occur in signal transduction play an 
important role in cancer development and metastases because it 
controls functions such as cell proliferation and apoptosis.

Epidermal growth factor receptor (EGFR), the first cell surface 
receptor associated with cancer, is a tyrosine kinase receptor. 
EGFR is involved in cancer development and metastasis.3,4 
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Studies have shown that inhibition of EGFR can arrest or slow 
the development of cancer. EGFRs have been observed to be 
overproduced in lung, breast, prostate, bladder, ovarian, colon, 
and rectum cancers, and they are found to be structural in most 
normal epithelial cells (e.g., skin, hair follicles). Thus, inhibition 
of EGFR activity inhibits cell proliferation and leads to apoptosis, 
programmed cell death.5 EGFR, such as other tyrosine kinase 
receptors, may also be inhibited by both monoclonal antibodies 
and tyrosine kinase inhibitors. Other inhibitors of tyrosine 
kinase such as gefitinib, erlotinib, lapatinib are small molecules 
that target EGFR and are used in cancer therapy.4 It is known 
that compounds used as inhibitors of tyrosine kinase such 
as sunitinib carry benzimidazole isostere indole rings, and 
pazopanib and axitinib have indazole rings. Furthermore, by 
determining that benzimidazoles exhibit protein kinase inhibitor 
activity6-9, in addition to their different biologic activities, the 
compounds planned to be synthesized in this study are thought 
to be inhibitory on the EGFR receptor, which is now known to 
be directly related to cancer development.

By developing novel EGFR tyrosine kinases inhibitors, 
we designed and synthesized new benzimidazole 
derivatives bearing a phenyl ring at the 2nd position and 
N-arylmethylideneacetohydrazide (1-12) (Table 1) at the 1st 
position, and evaluated their EGFR kinase inhibitory activities 
by comparing them with erlotinib. Following the structure 
elucidation, EGFR kinase inhibitor activities of the synthesized 
compounds were measured (Table 1).

EXPERIMENTAL 
General synthetic 
All starting materials and chemical reagents used in the 
synthesis were high-grade commercial products purchased 

from Aldrich or Merck (Germany). Analytical thin-layer 
chromatography was performed using Merck precoated 
TLC plates, and spots were visualized with ultraviolet light. 
Melting points were determined using a Thermo Scientific 
Electrothermal IA9100 digital melting point apparatus (Bibby 
Scientific Limited, Staffordshire, UK) and were uncorrected. 
The structures of all synthesized compounds were assigned 
on the basis of nuclear magnetic resonance (NMR) and mass 
spectral analyses. 1H-NMR spectra were recorded on a Varian 
Mercury 400 MHz instrument (Varian Inc., Palo Alto, CA, USA) 
using a tetramethylsilane internal standard and DMSO-d6; 
coupling constants (J) are reported in Hertz. All chemical 
shifts are reported as δ (ppm) values. ES-MS were obtained 
using a Waters ZQ Micromass LC-MS spectrometer (Waters 
Corporation, Milford, MA, USA) with the positive electrospray 
ionization method. All instrumental analyses were performed 
at the Central Instrumentation Laboratory of the Pharmacy 
Faculty of Ankara University, Ankara, Turkey.

General procedure for the preparation of 2-(2-phenyl)-1H-
benzimidazol-1-yl)-N’-(arylmethylidene) acetohydrazide 
derivatives (1-12)
Aromatic aldehyde derivative (0.02 mol) was added to a 
solution of the acyl hydrazide III (0.02 mol) in absolute EtOH 
(5 mL) containing a catalytic amount of 37% hydrochloric 
acid. The mixture was refluxed for 60 min, poured into cold 
water, and neutralized with 10% aqueous sodium bicarbonate 
solution. Crude product was filtered off and crystallized from 
dimethylformamide (DMF) water. 

N’-[(4-Chlorophenyl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (1)
M.P: 267°C; 1H NMR δ 5.06 and 5.52 (2s, 2H, CH2), 7.25-7.28 
(m, 2H, Ar-H), 7.48-7.57 (m, 6H, Ar-H), 7.70-7.75 (m, 5H, Ar-H), 
8.03 and 8.24 (2s, 1H, CH=N), 11.88 (brs, 1H, NH); ESI-MS (m/z): 
389.4 (100%) (M+H), 391.5 (40%) (M+2+H).

N’-[(4-Fluorophenyl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (2)
M.P: 214-217°C; 1H NMR δ 5.05 and 5.51 (2s, 2H, CH2), 7.24-7.29 
(m, 4H, Ar-H), 7.52-7.57 (m, 4H, Ar-H), 7.70-7.80 (m, 5H, Ar-H), 
8.04 and 8.24 (2s, 1H, -CH=N), 11.79, 11.93 (2s, 1H, NH); ESI-MS 
(m/z): 373.36 (M+H).

N’-[(4-Bromophenyl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (3)
M.P: 287°C; 1H NMR δ 5.06 and 5.52 (2s, 2H, CH2), 7.25-7.30 
(m, 2H, Ar-H), 7.52-7.80 (m, 11H, Ar-H), 8.02 and 8.22 (2s, 1H, 
CH=N), 11.86 (brs, 1H, NH); ESI-MS (m/z): 433.38 (100%) (M+H), 
435.34 (95%) (M+2+H).

N’- [ (3-Ni t ropheny l )methy l idene] -2-(2-pheny l -1H-
benzimidazol-1-yl)acetohydrazide (4)
M.P: 280°C; 1H NMR δ 5.09 and 5.57 (2s, 2H, CH2), 7.25-7.29 (m, 
2H, Ar-H), 7.51-7.59 (m, 4H, Ar-H), 7.69-7.80 (m, 4H, Ar-H), 8.17, 
8.52 (m, 3H, Ar-H), 8.53 and 8.55 (2s, 1H, -CH=N), 12.04, 12.20 
(2s, 1H, NH); ESI-MS (m/z): 400.5 (M+H).

Table 1. General structure and inhibitory effects of the 
synthesized compounds 
Compounds Ar Inhibition %

1 4-chlorophenyl 8.63

2 4-fluorophenyl 1.93

3 4-bromophenyl 8.63

4 3-nitrophenyl 13.71

5 2-naphtyl 0

6 3-methylthiophene 0

7 4-benzyloxyphenyl 12.42

8 2-chloro-5-nitrophenyl 0

9 3,4-dibenzyloxyphenyl 9.92

10 3-bromo-4-fluorophenyl 0

11 2,4-dichlorophenyl 7.69

12 4-chloro-3-nitrophenyl 3.01

Erlotinib 
1 µM
100 nM

90.06
74.56
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N’-[(2-Napthalene-2-yl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (5)
M.P: 285°C; 1H NMR δ 5.00 and 5.56 (2s, 2H, CH2), 7.24-7.28 
(m, 2H, Ar-H), 7.49-7.58 (m, 6H, Ar-H), 7.69-7.92 (m, 3H, Ar-H), 
7.94-7.98 (m, 4H, Ar-H), 8.11-8.38 (m, 2H, Ar-H and CH=N), 11.86, 
11.99 (2s, 1H, NH); ESI-MS (m/z): 405.44 (M+H).

N’-[(3-Methylthiophene-2-yl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (6)
M.P: 267-269°C; 1H NMR δ 2.31 (2s, 3H, CH3), 5.01 and 5.38 (2s, 
2H, CH2), 6.96 (dd, 1H, J=4.8 Hz, J=1.6 Hz, Ar-H), 7.25-7.29 (m, 
2H, Ar-H), 7.52-7.58 (m, 5H, Ar-H), 7.69-7.72 (m, 2H, Ar-H), 
7.78-7.81 (m, 1H, Ar-H), 8.27 and 8.48 (2s, 1H, CH=N), 11.63, 11.82 
(2s, 1H, NH); ESI-MS (m/z): 375.48 (M+H).

N’-[(4-Benzyloxyphenyl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (7)
M.P: 240-241°C; 1H NMR δ 5.03 and 5.49 (2s, 2H, CH2), 5.15 (s, 
2H, OCH2), 7.05-7.10 (m, 2H, Ar-H), 7.25-7.57 (m, 11H, Ar-H), 
7.64-7.81 (m, 5H, Ar-H), 7.98 and 8.18 (2s, 1H, CH=N), 11.67, 11.81 
(2s, 1H, NH); ESI-MS (m/z): 461.51 (M+H).

N’-[(2-Chloro-5-nitrophenyl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (8)
M.P: 299-300°C; 1H NMR δ 5.08 and 5.57 (2s, 2H, CH2), 7.22-7.30 
(m, 2H, Ar-H), 7.47-7.59 (m, 4H, Ar-H), 7.67-7.92 (m, 4H, Ar-H), 
8.19-8.23 (m, 1H, Ar-H), 8.42 (s, 1H, Ar-H), 8.61 and 8.67 (d, d, 
J=2.8 Hz, CH=N), 12.18 (br s, 1H, NH); ESI-MS (m/z): 434.37 
(100%) (M+H), 436.39 (39%) (M+2+H).

N’-[(3,4-Dibenzyloxyphenyl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (9)
M.P: 178-180°C; 1H NMR δ 5.03 and 5.19 (2s, 2H, CH2), 5.14 (s, 2H, 
OCH2), 5.17 (s, 2H, OCH2), 7.07-7.45 (m, 15H, Ar-H), 7.53-7.58 (m, 
4H, Ar-H), 7.71-8.18 (m, 4H, Ar-H and CH=N), 11.71 (br s, 1H, NH), 
ESI-MS (m/z): 567.48 (M+H).

N’-[(3-Bromo-4-fluorophenyl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (10)
M.P: 258-260°C; 1H NMR δ 5.06 and 5.54 (2s, 2H, CH2), 7.25-
7.28 (m, 2H, Ar-H), 7.41-7.57 (m, 5H, Ar-H), 7.70-7.79 (m, 4H, 
Ar-H), 8.01-8.21 (m, 2H, Ar-H and CH=N), 11.90 (br s, 1H, NH); 
ESI-MS (m/z): 451.29 (100%) (M+H), 453.26 (98%) (M+2+H).

N’-[(2,4-Dichlorophenyl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (11)
M.P: 147-148°C; 1H NMR δ 5.10 and 5.58 (2s, 2H, CH2), 7.31-7.34 
(m, 2H, Ar-H), 7.47-7.50 (m, 1H, Ar-H), 7.56-7.66 (m, 4H, Ar-H), 
7.73-7.81 (m, 4H Ar-H), 7.93-8.03 (m, 1H, Ar-H), 8.38 and 8.58 
(2s, 1H, CH=N), 12.04, 12.29 (2s, 1H, NH); ESI-MS (m/z): 423.3 
(100%) (M+H), 425.30 (65%) (M+2+H).

N’-[(4-Chloro-3-nitrophenyl)methylidene]-2-(2-phenyl-1H-
benzimidazol-1-yl)acetohydrazide (12)
M.P: 269-270°C; 1H NMR δ 5.09 and 5.57 (2s, 2H, CH2), 7.25-
7.29 (m, 2H, Ar-H), 7.52-7.57 (m, 4H, Ar-H), 7.70-7.85 (m, 4H, 
Ar-H), 8.03 (dd, Jo=8 Hz, Jm=2 Hz, Ar-H), 8.09 (s, 1H, Ar-H), 
8.30, 8.38 and 8.43 (s, d, d, J=1.6 Hz, -CH=N), 12.05, 12.18 (2 br 

s, 1H, NH); ESI-MS (m/z): 434.4 (100%) (M+H), 436.5 (33.5%)
(M+2+H).

EGFR kinase assay
It is important to evaluate the possible interaction of solubilized 
EGFR kinase activity with the amount of enzyme and with the 
reaction of the solvents (5% DMSO) of the substances for which 
inhibitor activity is to be assessed. For this purpose, kinase 
titration was first performed with EGFR kinase at a range of 
0.2-200 ng. As the amount of enzyme was increased, kinase 
reaction was increased (more ATP was formed, more ADP was 
formed; results not shown). 

After these preliminary experiments and system validation, the 
inhibitory activities of the synthesized substances on EGFR 
kinase were evaluated. Erlotinib, a substance known to inhibit 
EGFR kinase in these experiments was also used as a positive 
control in all experiments.

Screening of inhibitor activity
Kinase reactions were performed using 50 µM ATP, 5 ng EGFR 
kinase ± 1 µM inhibitor in each reaction medium. Erlotinib was 
tested in two different concentrations: 100 nM and 1 µM to 
confirm dose-dependency of the inhibitory activity. Five percent 
DMSO (solvent) was used as a control in all experiments. These 
reactions constituted the maximum enzyme activity (100% 
activity). 

Standard curve for ATP-ADP transformation
In the first step, the standard curves for the ATP-ADP 
transformation to be used in determining the amount of ADP 
formed in the kinase reaction were established. While these 
curves were being generated, the ATP and ADP stock solutions 
were mixed at specified ratios and the resulting luminescence 
was read. The purpose of these curves was to determine 
the luminescence signal interval obtained by the amount of 
the designated EGFR kinase. ATP/ADP conversion curves 
were generated using 1 µM, 5 µM, 50 Μm, and 500 µM ATP-
ADP concentrations. These experiments are important for 
determining luciferase activity and signal range obtained in the 
kinase assay.

RESULTS AND DISCUSSION 

Chemistry 
The benzimidazole acetohydrazide derivatives were synthesized 
according to the following synthetic scheme: 2-Phenyl-
1H-benzo[d]imidazole (I) was prepared via the reaction of 
o-phenylenediamine, benzaldehyde and sodium metabisulfite in 
DMF.10 The reaction of I with ethyl chloroacetate yielded ethyl 
2-(2-phenyl)-1H-benzo[d]imidazol-1-yl) acetate (II).11 Treatment 
of the ester (II) with hydrazine hydrate gave the desired 
hydrazide compound, 2-(2-phenyl)-1H-benzo[d]imidazol-1-yl)
acetohydrazide (III).12 Compounds 1-12 were found by condensing 
acyl hydrazide III with the corresponding aromatic aldehydes in 
the presence of sulfuric acid13 (Scheme 1). The structure of the 
newly synthesized compounds was confirmed and supported by 
spectroscopic data. The mass spectrum of each of compound 
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appeared as M+H peak, consistent with the molecular formula 
of the assigned structure. N-acylhydrazones may be present as 
four isomers depending on the geometric isomerism relative 
to the imino group (E, Z isomers) and conformers related to 
the amide linkage (syn/anti amide conformers).14 In 1H-NMR 
spectra measured in polar solvent dimethyl sulfoxide-d6, two 
signals representing the imino hydrogen (CH=N) were observed 
at 7.98-8.61 and 8.18-8.67 ppm, the methylene protons (CH2CO) 
were also typically observed as two singlet signals at 5.01-5.10 
and 5.19-5.58 ppm, respectively. 

Biological activities

The ADP-GloTM kinase assay15 determines kinase activity based 
on the quantification of the amount of ADP produced during a 
kinase reaction. EGFR is a tyrosine kinase receptor and was 
the first receptor to be proposed for cancer therapy. Currently, 
there are two approaches that target EGFRs in cancer treatment: 
monoclonal antibodies and small-molecule inhibitors of EGFR 
tyrosine kinase enzymatic activity. Erlotinib selectively inhibits 
tyrosine kinase activity of EGFRs. 

In the present study, we measured the activity of EGFR kinase 
and evaluated the inhibitory efficiencies of newly synthesized 
compounds by comparing them with erlotinib.

The assays were performed in three steps (Figure 1). A kinase 
reaction with 5 ng EGFR kinase and 50 µM ATP was the first 
step. The amounts of both EGFR and ATP were determined in 
the preliminary optimization assays (results not shown). The 
total volume of the kinase reaction was 25 µL. The amount 
of the EGFR and PolyE4Y1 substrate was 1 µg, based on the 
recommendations of the literature. In the second step, an equal 
volume of ADP-GloTM reagent was added to terminate the kinase 
reaction and deplete the remaining ATP. On the third and final 
step, a kinase detection reagent was added to convert the ADP 
produced during the kinase reaction to ATP and to determine 
the amount of newly synthesized ATP through a luciferase/
luciferin reaction. 

Inhibitory efficiency was determined by comparing the enzyme 
activities in the presence of the inhibitors with the maximum 
enzyme activity. Maximum kinase activity (100% kinase) was 
determined as the luminescence acquired in the kinase reaction 
where EGFR kinase, PolyE4Y1, ATP and diluting agent, and 5% 
DMSO were present in the reaction medium.

CONCLUSION
In the reactions where inhibitory efficiencies were determined, 
the reaction medium contained either erlotinib or one of the 
newly synthesized compounds in a single concentration of 1 µM. 
At this concentration, erlotinib inhibited EGFR kinase activity by 
nearly 90%. Inhibitory efficiencies of the new compounds are 
shown in Table 1. The results indicated that almost all of the 
compounds’ kinase inhibitor activities were somewhat limited. 
Compounds that have 3-nitrophenyl (4) and 4-benzyloxyphenyl 
(7) substituents as aryl groups were found to have slight 
inhibitory potencies in the kinase assay at 13.71% and 12.42%, 
respectively. 
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