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ABSTRACT

Based on the biologically active heterocycle compounds, a series of new benzimidazole-hydrazone deriva-
tives (3a-3j) were synthesized, starting from 4-(6-chloro-1H-benzimidazol-2-yl) benzohydrazide. The syn-
thesized compounds were characterized by 'H NMR, 3C NMR, and HRMS spectroscopic methods. The
synthesized compounds were preliminarily evaluated for their in vitro antimicrobial, anticancer and an-
tioxidant activity. The antimicrobial activity was checked against S. aureus ATCC 29213, E. coli ATCC 25922,
and C. albicans ATCC 10231 by micro-dilution method. The findings exhibited that the compounds pos-
sessed moderate antimicrobial potential. The compounds were also checked for their in vitro anticancer
activities against HT-29 (colorectal cancer cell line) using the MTT assay. It was observed that all the
compounds 3a-3j showed weak antiproliferative activity against HT-29 cells. The compounds were also
analyzed for their antioxidant capacity by Tas & Tos activity. The compound 3d showed a high anti-
oxidative effect with 30.81 pmol H,0, Equiv./L value. The lowest energy state of compound 3d was real-
ized in DMSO medium by using the B3LYP method at 6-311G (d,p) level, the optimized geometry of it is
about 0.50 and 17 kcal/ mol more stable than in other solvents and the gas phase, respectively. The lower
AE=3.563 eV indicates the higher reactivity of compound 3d, this is compatible with biological experi-
mental data and shows high antioxidant property of the compound. In silico ADMET studies of compound
3d were performed. Indexing of the X-ray powder diffraction pattern was performed for compound 3a.
© 2022 Elsevier B.V. All rights reserved.

1. Introduction

tent chemotherapeutics with minimal side effects in the develop-
ment of new treatment approaches.

Cancer is one of the deadliest diseases. The disease, which
starts with uncontrolled cell growth, causes metastasis by spread-
ing to surrounding tissues. Metastasis becomes a main cause of
death when cancer treatment fails [1]. In the world cancer report
published by WHO, it is reported that the rate of death due to can-
cer will nearly double in the coming years [2]. Today, the biggest
obstacle in therapeutic cancer treatment is that anticancer drugs
are also toxic to normal cells and this causes many side effects
[3]. This situation limits the effectiveness of the current treatment.
Therefore, there is a great need for the discovery of new and po-
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Considering the needs of developing/developed countries, an-
tibacterial drugs have emerged, and their usage rates have in-
creased especially recently. Although the worldwide prevalence of
antimicrobial resistance as a result of overuse and misuse of an-
timicrobial drugs has reduced the effectiveness of existing treat-
ment methods. This has also made a significant contribution to the
development of new antimicrobial agents [4]. The development of
new and effective antimicrobial agents is of great importance to
prevent the further spread of drug resistance.

Based on the above developments, we can say that the devel-
opment of new, effective antimicrobial and anticancer therapeutic
agents has critical importance in medicinal chemistry. In the stud-
ies carried out so far, it has been accepted that heterocyclic com-
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pounds play an important role in the human biological system, and
at the same time, heterocyclic compounds with a wide range of
biological activities such as antimicrobial, antibiotic, antivirus and
in anticancer studies have taken place in the pharmaceutical in-
dustry [5]. Therefore, the design, synthesis, and activity studies of
this class of compounds have become a very attractive field for re-
searchers.

Antioxidants protect organisms and cells from the harmful ef-
fects of oxidative stress during metabolism. The oxidation reaction
transfers electrons from a material to an oxidizing agent, result-
ing in the formation of free radicals that harm the cells [6]. How-
ever, most of the cells comprise a complex network of antioxi-
dant metabolites and enzymes that work together to protect cel-
lular components, including DNA, proteins, and lipids from oxida-
tive damage. Antioxidants are molecules that destroy free radicals,
which may harm cells and tissues in organisms, as well as prevent
the oxidation processes, which occur during chemical processes in
metabolic pathways [7]. Thus, the antioxidant properties of syn-
thetic substances are being explored extensively. An important re-
search field is the quest for active chemicals that can prevent or
lessen the effects of oxidative stress on cells. Moreover, free radi-
cal oxidative processes are known to have a substantial detrimental
role in the development of many human diseases, as well as aging
[8,9].

Benzimidazoles are an important member of the heterocyclic
compound class. Benzimidazoles exhibit antitumor, antiprolifera-
tive, anticancer [10-16], antimicrobial including anti-HIV [17-21],
and antioxidant activity [22,23]. Furthermore, because of its biolog-
ical properties, schiff base (-C=N-) is a widely used organic ligand
[24].

In this context, we aimed to synthesize new substituted deriva-
tives containing benzimidazole and hydrazone groups based on
the above information and to investigate their antimicrobial, an-
ticancer, and antioxidant activities. In this study, we focused on
the synthesis, characterization, and in vitro evaluation of ten dif-
ferent derivatives carrying benzimidazole and hydrazone moieties
that are believed to have antibacterial, antifungal, anticancer, and
antioxidant activities. Density Functional Theory (DFT) is a use-
ful tool in determining the correct molecular structure essential
for structure-activity relationship. For this purpose, the mentioned
newly synthesized ten compounds were modeled with DFT by us-
ing conventional hybrid functional (B3LYP) [25] and by taking into
account long-range interaction (wB97X-D) [26]. Both van der Waals
and solvent effect on the molecular structure were investigated.
HOMO-LUMO analysis has been used to shed light on the informa-
tion about charge transfer within the molecule. In addition, com-
putational ADMET analysis of compound 3d with the highest an-
tioxidant activity was performed.

2. Result and discussion
2.1. Chemistry

The synthetic routes to obtain benzimidazole-hydrazone deriva-
tives (3a-3j) are shown in Scheme 1. The synthesis of the start-
ing 4-(5-chloro-1H-benzimidazol-2-yl) benzoic acid methyl ester
(1) was accomplished by refluxing 5-chloro-1,2-phenylenediamine
and 4-formylbenzoic acid methyl ester sodium disulfide salt ac-
cording to the procedure described by us earlier [27]. In the sec-
ond step, compound 1 was substituted with hydrazine hydrate, re-
sulting in the corresponding acetohydrazide (2). Condensation of
4-(5-chloro-1H-benzimidazol-2-yl) benzoic acid hydrazide (2) with
different aldehydes yielded a series of N-acylhydrazones (3a-3j).
The structures of all compounds (Scheme 1) were determined with
the help of different spectroscopic techniques such as 'H NMR, 13C
NMR, and HRMS.
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Table 1
In vitro MICs (pug/mL) observed of the compounds (3a-3j) and reference antimicro-
bial drugs.

Microorganisms

Compounds S. a. S.a.* E. c. E.c.* C.a. C.ar
3a 256 256 256 256 256 256
3b 256 256 256 128 256 256
3c 256 256 256 128 256 256
3d 256 256 128 128 256 256
3e 256 256 128 256 256 256
3f 128 256 256 256 256 256
3g 256 256 256 256 256 256
3h 256 256 256 128 256 256
31 256 256 128 128 256 256
3j 256 256 256 256 128 256
Ampicilin 2 32 16 16 - -
Gentamycin 1 8 1 16 - -
Vancomycin 1 4 - - - -
Fluconazole - - - - 1 1

S.a.: Staphylococcus aureus ATCC 29213; S.a.*: S. aureus isolate (MRSA); E.c.: E. coli
ATCC 25922; E.c.*: E. coli isolate (contains broad spectrum S-lactamase enzyme -
GSBL-); C.a: Candida albicans ATCC 10231; C. a.*: Candida albicans isolate

In the TH NMR spectra of 3a-3f, the signals for the protons of
the azomethine group were found at 8.42-9.24 ppm as singlets.
The benzimidazole protons produced multiplet signals within the
interval 7.26-7.72 ppm in DMSO solvent, while the phenyl protons
resonated in the interval 6.70-8.33 ppm. The chemical shift values
for the protons for the NH protons varied in a broader range of
11.65-13.33 ppm.

2.2. Biological activity evaluation

2.2.1. Antimicrobial activity

The minimum inhibitory concentration (MIC) values were de-
termined for each substance and reference antimicrobial agent
shown in Table 1. The MIC values of the compounds were com-
pared to reference antimicrobials (Ampicillin, gentamicin and van-
comycin for antibacterial, fluconazole for antifungal activity). Ac-
cording to the result of the study, the compound with the best MIC
value on the S. aureus ATCC 29213 strain was compound 3f with
128 pg/mL. All compounds had MIC value of 256 pg/mL on the
clinical isolate of S. aureus and MIC values in the 128-256 pg/mL
range on the E. coli ATCC 25922 strain and its clinical isolate.

The compound with the best antifungal activity was compound
3j which had MIC value of 128 pg/mL on C. albicans ATCC 10231.
The results show that the compounds in our study did not reach
the MIC values of the reference antimicrobials and had moderate
levels of antimicrobial activity.

2.2.2. Anticancer activity

Anticancer activity of compounds 3a-3j was evaluated against
the HT-29 cell line. For preliminary screening, cytotoxic bioactiv-
ity of synthesized compounds was evaluated in vitro against the
HT-29 cell line with the MTT assay. To evaluate the anticancer po-
tency of target compounds, the cancer cells were treated with the
compounds at 20 wM constant concentration. Cell viability per-
centages were calculated after the treatment of cells for 24 h. Flu-
orouracil was used as a positive control. Preliminary anticancer ac-
tivity results of compounds 3a-3j against HT-29 are presented in
Table 2. It was observed that some of compounds 3a-3j showed
weak antiproliferative activity against HT-29 cells. However, when
compared with the positive control, it was determined that the
studied compounds did not show considerable anticancer proper-
ties.



A. ISIK, U. Acar Cevik, I. Celik et al.

o

04,

3a-3j

CH3COOH

EtOH

R4

Journal of Molecular Structure 1270 (2022) 133946

@@

NH,NH,.2H,0

N828205

EtOH

S /@E et

Comp.

Ry

-COOH

-N,N-diethylamine

-isopropyl
-methylthio

- trifluoromethyl

-phenyl
-ethoxy
-benzyloxy
-cyano

-0-COOH

Scheme 1. General procedure for synthesis of the final compounds 3a-3j.

Table 2

After 24 h % viability of HT-29 cell line.
Compound 24h Viability %
3a 79.2 £+ 6.28
3b 72.8 £ 9.56
3c 75.6 £ 7.14
3d 79.3 + 6.83
3e 74.2 £ 10.61
3f 753 £ 6.74
3g 79.5 + 4.21
3h 75.6 £+ 4.69
31 89.6 + 4.10
3j 91.9 £+ 7.00
Fluorourasil 22.1 £ 4.84

2.2.3. Antioxidant activity

The total antioxidant capacity values greater than or equal to
1.0 mmol Trolox Equiv./L are considered as high. Total antioxidant
capacity values of the compounds between 3a-3j were found low
except 3d which is shown in Table 3. Compound 3d was found to
have more antioxidant capacity than 1 mmol Vitamin E. However,
a structure that is expected to show anticancer properties should
have oxidative properties. The oxidative effects of structures with

Table 3
Total Antioxidan Status (TAS) and Total oxidative Status (TOS) val-
ues.

TAS TOS
Compound mmol Trolox equiv./L  pmol H,0, Equiv./L
3a 0.003 + 0.001 18.26 + 0.42
3b 0.029 + 0.007 19.13 + 0.27
3c 0.003 + 0.001 19.80 + 1.09
3d 1.370 + 0.058 30.81 + 0.84
3e 0.013 + 0.005 19.40 + 1.13
3f 0.013 + 0.003 18.86 + 0.93
3g 0.072 + 0.009 18.99 + 0.87
3h 0.322 + 0.019 18.39 + 1.56
31 0.019 + 0.004 19.13 + 2.09
3j 0.104 + 0.007 19.73 £+ 0.49

the activity of 20 pmol H,0, Equiv./L and above are considered
strong. As seen in Table 3, it was determined that the compound
3d showed a high oxidative effect with 30.81 pmol H,0, Equiv./L
value. When compound 3d was examined, it was found that the
presence of a methylthio group in the para position of the phenyl
ring attached to the hydrazone structure increased the antioxidant
activity. However, despite these properties, the compound 3d could
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Fig. 1. The optimized geometry of 3d in gase phase at B3LYP/6-311G(d,p) level.

Fig. 2. Superposition of the geometries of 3d in DMSO medium by using B3LYP (pink) and wB97X-D (blue) at 6-311G(d,p) level with RMSD value of 0.097 A.

not show the desired anticancer properties. Though, it can be used
as a potential cancer inhibitor in different cancer cell lines.

2.3. Computational studies

2.3.1. Density Functional Theory (DFT) calculations

Density functional theory is a functional tool in determining the
correct molecular structure that corresponds to the lowest energy
state at the potential energy surface. In the structure-activity re-
lationship, it is essential to determine the accurate structure. For
this purpose, the newly synthesized ten compounds are modeled
with Density Functional Theory (DFT) by using conventional hy-
brid functional (B3LYP) [25] and by taking into account long-range
interaction (wB97X-D) [26].

All structures have no imaginary frequencies; this state in-
dicates that they are being at global ninima on potential en-
ergy surface. The optimization results of molecule 3d indicate
that the rotations of the chloro-benzimidazole group with respect
to the benzo-hydrazine group are 173.12° for B3LYP and 167.17°
for wB97X-D functional in DMSO medium, while the rotations
of methylthio-benzylidene group relative to the benzo-hydrazine
group are 179.95° and -178.90°, respectively. The optimized geome-
tries in DMSO correspond to the lowest energy geometry between
the gas phase and other solvent mediums. The optimized geometry
of 3d in gas phase is shown in Fig. 1.

The root-mean-square deviation (RMSD) of optimized structure
(B3LYP) is 0.097 A with wB97X-D functional, indicating the good
harmony between two optimized structures, as shown in Fig. 2.
While the geometries are quite compatible according to superpo-
sition, the energies are quite different from each other. The opti-
mized energy for B3LYP is the lowest in the DMSO medium, that
energy is smaller about 0.5 kcal/mol and 17 kcal/mol than that of
other solvent mediums and gas phase, respectively. The wB97X-D
also complied with the same trend.

HOMO-LUMO and molecular electrostatic potential (MEP) di-
agrams are shown in Fig. 3. HOMO-LUMO analysis is showing
that the charge in HOMO is localized on methylthio benzylidene

and hydrazine group, while the orbital lobs in LUMO are localized
throughout the molecule except for methyl.

Electrophilic and nucleophilic reactive regions of the molecule
can be identified with the help of the MEP map. According to
this MEP (Fig. 3), the hydrogen linked to nitrogen atom existing
in imidazole ring and the hydrogen of nitrogen atom existing in
benzo hydrazine group have the highest positive potential (blue
sites), which is managing nucleophilic attack. In addition, the oxy-
gen atom existing in the benzo hydrazine group and the nitrogen
atom of the imidazole ring possess the highest negative potential
(red cites), responsible for the electrophilic attack.

The lower energy gap means chemically more reactive. Accord-
ing to Tables 4, 3b and d molecules are chemically more reac-
tive than the other molecules. The chemical reactivity order is that
3b>3d>3g>3h>3f>3e>3a>3i>3j>3c.

2.3.2. ADMET prediction

As given in Table 5, the solubility of most antioxidant active
compound 3d in water is low, CaCO, permeability reference value
Papp > 8 x 1075 cm/s is suitable, an in vitro model of the human
intestinal mucosa. Human intestinal absorption is good and skin
permeability is low. P-glycoprotein acts as a biological barrier, re-
moving toxins and xenobiotics from cells. Compound 3d exhibits
P-glycoprotein I and II inhibitory properties. The steady-state vol-
ume of distribution (VDss) is low, the fraction of unbounded drug
is low, and it largely bounds to blood plasma proteins. It has weak
BBB permeability and can penetrate CNS. It has the potential to in-
hibit CYP enzymes, so it can interact with other drug molecules.
Drug clearance occurs as a combination of hepatic clearance and
renal clearance. The total clearance of compound 3d is 0.867. It has
the property of being a renal Organic Cation Transporter 2 (OCT2)
substrate, which is a contraindication for drugs used as OCT2 in-
hibitors. Compound 3d may exhibit AMES toxicity, meaning it may
be mutagenic. The maximum recommended tolerated dose is low,
that is, below 0.477 log (mg/kg/day). Inhibition of the potassium
channels encoded by hERG is the principal cause for the develop-
ment of fatal ventricular arrhythmia. Compound 3d has no hERG I
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Fig. 3. HOMO-LUMO and MEP diagrams of 3d at B3LYP/6-311G(d,p) level.

Table 4

HOMO-LUMO energies (eV) and calculated global reactivity parameters of 3a-3j at B3LYP/6-311G(d,p) level in gas

phase.
Comp. LUMO HOMO  AE(eV) IP(eV) EA(eV) X(eV) n(ev) S(ev)! n(ev) w(eV)
3a -2.523  -6.408  3.884 6.408 2.523 4466 1942  0.257 -4466  5.134
3b -2.068  -5.292  3.224 5.292 2.068 3.680 1.612 0310 -3.680  4.200
3c -2.128  -6.170  4.042 6.170 2.128 4.149  2.021 0.247 -4.149  4.259
3d -2.240  -5.803  3.563 5.803 2.240 4.022 1.782  0.281 -4.022  4.539
3e -2.654  -6.465  3.811 6.465 2.654 4559 1905 0.262 -4.559  5.455
3f -2.041 -5.842  3.801 5.842 2.041 3.941 1.900 0.263 3.941 4.087
3g -2.169  -5.867  3.698 5.867 2.169 4018 1.849 0.270 -4.018  4.366
3h -2.168  -5.869  3.701 5.869 2.168 4.019 1.850 0.270 -4.019  4.365
3i -2404  -6.311 3.907 6.311 2.404 4358 1954 0.256 -4358  4.860
3j -2422 -6.404  3.983 6.404 2.422 4413 1.991 0.251 -4.413  4.890

Gap AE: (Erymo-Enowmo), IP (-HOMO): Ionization potential, EA (-LUMO): Electron affinity, X (IP+EA)/2: Electroneg-
ativity, n (IP—EA)/2: Chemical hardness, S (1/29): chemical softness, i —(IP+EA)/2: Chemical potential, w (2

[27): Electrophilic index.

inhibitory property, while inhibits hERG II. Oral Rat Acute Toxicity
(LDsg) and Oral Rat Chronic Toxicity (LOAEL) values were found to
be 2.479 mol/kg and 1.548 log mg/kg_bw/day respectively. It may
show hepatotoxicity, but not the skin sensitization. T.Pyriformis tox-
icity is 0.285, the value > -0.5 log ug/L is considered toxic. Since
the lethal concentration value is below 0.5, it may show high acute
toxicity.

2.4. PXRD data analysis

Indexing of the X-ray powder diffraction pattern was carried
out using the TOPAS Academic program v5.1 [44], yielding the fol-
lowing values for triclinic space group P1~ of the compound 3a:
a=10857 A, b =9777 A, c = 12980 A, o = 92.68°, B = 88.10°,
y = 84.83°, V = 1369.92 A3. Then Pawley refinement for the whole
powder pattern of the compound was performed to confirm the
choice of space group as well as unit cell parameters. The values of
unit cell parameters as well as R-factors and goodness-of-fit indica-
tor found after refinement were of compound 3a: a = 11.028(7) A,
b =9.822(8) A, c = 13.050(8) A, ¢ = 92.224(38) °, B = 88.204(41)°,
y = 84.981(48) ° and V = 1406(1) A3, Rwp= 6.970%, Rexp= 4.121%
and x2 = 1.691 resulting in a good visual fit of the whole pattern
(Fig. 4).

3. Material and methods
3.1. Experimental

Whole chemicals employed in the synthetic procedure were
purchased from Sigma-Aldrich Chemicals (Sigma-Aldrich Corp., St.
Louis, MO, USA) or Merck Chemicals (Merck KGaA, Darmstadt,
Germany). Melting points of the obtained compounds were de-
termined by the MP90 digital melting point apparatus (Mettler
Toledo, OH, USA) and were uncorrected. 'H NMR and 3C NMR
spectra of the synthesized compounds were obtained by a Bruker
300 MHz and 75 MHz digital FT-NMR spectrometer (Bruker Bio-
science, Billerica, MA, USA) in DMSO-dg, respectively. Splitting pat-
terns were designated as follows: s: singlet; d: doublet; t: triplet;
m: multiplet in the NMR spectra. Coupling constants (J) were re-
ported as Hertz. M+1 peaks were determined by Shimadzu LC/MS
ITTOF system (Shimadzu, Tokyo, Japan). All reactions were moni-
tored by thin-layer chromatography (TLC) using Silica Gel 60 F254
TLC plates (Merck KGaA, Darmstadt, Germany).

3.1.1. Chemistry
Synthesis of 4-(5-chloro-1H-benzimidazol-2-yl)benzoic acid methyl
ester (1): In a microwave synthesis reactor (Anton-Paar Monowave
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Table 5
Computational absorption, distribution, metabolism, excretion, and toxicity properties of compound 3d having best antioxidant activity.
Property Model Name Predicted Value Unit
Absorption Water solubility -2.888 Numeric (log mol/L)
Caco2 permeability 0.845 Numeric (log Papp in 106 cm/s)
Intestinal absorption (human) 79.111 Numeric (% Absorbed)
Skin Permeability -2.735 Numeric (log Kp)
P-glycoprotein substrate Yes Categorical (Yes/No)
P-glycoprotein I inhibitor Yes Categorical (Yes/No)
P-glycoprotein II inhibitor Yes Categorical (Yes/No)
Distribution VDss (human) 0.307 Numeric (log L/kg)
Fraction unbound (human) 0.133 Numeric (Fu)
BBB permeability -0.942 Numeric (log BB)
CNS permeability -1.703 Numeric (log PS)
Metabolism CYP2D6 substrate No Categorical (Yes/No)
CYP3A4 substrate Yes Categorical (Yes/No)
CYP1A2 inhibitor Yes Categorical (Yes/No)
CYP2C19 inhibitor Yes Categorical (Yes/No)
CYP2C9 inhibitor Yes Categorical (Yes/No)
CYP2D6 inhibitor Yes Categorical (Yes/No)
CYP3A4 inhibitor Yes Categorical (Yes/No)
Excretion Total Clearance 0.867 Numeric (log ml/min/kg)
Renal OCT2 substrate Yes Categorical (Yes/No)
Toxicity AMES toxicity Yes Categorical (Yes/No)
Max. tolerated dose (human) 0.206 Numeric (log mg/kg/day)
hERG I inhibitor No Categorical (Yes/No)
hERG II inhibitor Yes Categorical (Yes/No)
Oral Rat Acute Toxicity (LD50) 2.479 Numeric (mol/kg)
Oral Rat Chronic Toxicity (LOAEL) 1.548 Numeric (log mg/kg_bw/day)
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Fig. 4. Plot of the Pawley refinement of the compound 3a. Black crosses represent observed data, the red line indicates the calculated pattern and the blue line at the bottom
represents the difference between the observed and calculated patterns. Green vertical bars indicate Bragg reflections.

300) vial, 4-formylbenzoic acid methyl ester (3.2 g, 0.02 mol) and
sodium metabisulfite (3.8 g, 0.02 mol) was dissolved in DMF (5
mL). The mixture was held at 240°C and 10 bar pressure for 5 min.
After the mixture was cooled, 5-chloro-1,2-phenylenediamine (0.02
mol) was added and kept under the same reaction conditions. The
mixture was poured into ice water, the precipitated product was
filtered, washed with water, dried, and crystallized with ethanol.

Synthesis of 4-(5-chloro-1H-benzimidazol-2-yl)benzoic acid hy-
drazide derivatives (2): Compound 1 (0.02 mol) was dissolved in
ethanol. Hydrazine hydrate (5 mL) was added to the mixture and
heated in a microwave synthesis reactor (Anton-Paar Monowave
300) at 240°C and 10 bar pressure for 10 min. After cooling,
the mixture was poured into ice water, the product was filtered,
washed with water, and dried.

Synthesis of the final compounds (3a-3j): Appropriate 4-
(5-chloro-1H-benzimidazol-2-yl)benzoic acid hydrazide derivative
(0.001 mol) was dissolved in ethanol and aldehyde derivative
(0.001 mol) with a few drops of acetic acid were added into the
solution. The reaction mixture was refluxed at 100°C for 2 h. and
residue was filtered, dried and recrystallized from butanol.

4-((2-(4-(5-Chloro-1H-benzo[d]imidazole-2-
yl)benzoyl)hydrazineylidene)methyl)benzoic acid (3a); Yield:
77%, M.P= 271.2 °C. 'H-NMR (300 MHz, DMSO-dg): § 7.28 (1H,
dd, J;=8.55 Hz, ]J,=198 Hz, benzimidazole-Cs), 7.65-7.72 (2H,
m, benzimidazole CH), 7.88 (2H, d, J=8.28 Hz, 1,4-disubstituted
benzene), 8.04 (2H, d, J=8.85 Hz, 1,4-disubstituted benzene), 8.13
(2H, d, J=8.31 Hz, 1,4-disubstituted benzene), 8.33 (2H, d, J=8.37
Hz, 1,4-disubstituted benzene), 8.55 (1H, s, CH=N), 12.17 (1H, s,
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NH). 3C-NMR (75 MHz, DMSO-dg): 8= 123.29, 127.02, 127.28,
127.39, 127.64, 128.92, 130.29, 132.21, 133.09, 134.71, 136.91,
137.87, 138.76, 147.28, 152.06, 161.52, 163.05, 167.38. HRMS (m/z):
[M+H]* caled for CyyHi5N403Cl: 419.0919; found: 419.0905. Anal.
calcd. For CyyHy5N403Cl, C, 63.09; H, 3.61; N, 13.38. Found: C,
63.18; H, 3.60; N, 13.41.

4-((2-(4-(5-Chloro-1H-benzo|[d]imidazole-2-y1)-N'-(4-
diethylamino)benzylidene)benzo hydrazine (3b); Yield: 78%,
M.P.= 203.7 °C. TH-NMR (300 MHz, DMSO-dg): § 111 (6H, t,
]=6.90 Hz, CH3), 3.40-3.44 (4H, m, CH,), 6.70 (2H, d, ]=8.88
Hz, 1,4-disubstituted benzene), 7.26 (1H, s, benzimidazole CH),
751 (2H, d, J=8.82 Hz, 1,4-disubstituted benzene), 7.70-7.72 (2H,
m, benzimidazole CH), 8.07 (2H, d, ]=8.40 Hz, 14-disubstituted
benzene), 8.28 (3H, d, ]=8.40 Hz, 14-disubstituted benzene,
CH=N), 11.65 (1H, s, NH), 13.31 (1H, s, NH). 3C-NMR (75 MHz,
DMSO-dg): 8= 12.07, 13.75, 44.23, 46.04, 110.45, 112.53, 114.33,
115.16, 117.66, 120.94, 123.88, 125.87, 127.61, 128.04, 128.36, 130.41,
132.64, 135.35, 148.28, 150.56, 162.29. HRMS (m/z): [M+H]* calcd
for CysHpyNsOCl: 446.1725; found: 446.1742. Anal. calcd. For
Cy5Ho4N50Cl, C, 67.33; H, 5.42; N, 15.70. Found: C, 67.45; H, 5.43;
N, 15.74.

4-((2-(4-(5-Chloro-1H-benzo[d]imidazole-2-yl1)-N'-(4-
isopropylbenzylidene)benzohydrazine (3c); Yield: 76%, M.P.=
339.5 °C. 'H-NMR (300 MHz, DMSO-dg): § 1.23 (6H, d, ]=6.87
Hz, CH3), 2.87-3.01 (1H, m, CH), 7.30 (1H, dd, J;=8.58 Hz, },=1.98
Hz, benzimidazole-Cs), 7.36 (2H, d, J=8.19 Hz, 1,4-disubstituted
benzene), 7.66-7.73 (4H, m, aromatic CH), 8.12 (2H, d, J=8.43
Hz, 1,4-disubstituted benzene), 8.33 (2H, d, ]=8.43 Hz, 14-
disubstituted benzene), 8.47 (1H, s, CH=N), 11.96 (1H, s, NH).
IBC_NMR (75 MHz, DMSO-dg): 6= 24.14, 33.87, 123.50, 123.64,
127.09, 127.32, 127.44, 127.73, 128.86, 128.98, 130.74, 13241,
132.57, 134.79, 135.17, 148.59, 151.28, 151.95, 162.77. HRMS (m/z):
[M+H]* calcd for Cy4HpiN4OCI: 417.1482; found: 417.1477. Anal.
calcd. For CyuHy;N4OCI, C, 69.14; H, 5.08; N, 13.44. Found: C,
69.37; H, 5.07; N, 13.48.

4-((2-(4-(5-Chloro-1H-benzo|[d]imidazole-2-yl1)-N'-(4-
(methylthio)benzylidene)benzo hydrazine (3d); Yield: 74%, M.P.=
316.6 °C. 'H-NMR (300 MHz, DMSO-dg): & 2.53 (3H, s, CHj3),
7.30-7.36 (3H, m, aromatic CH), 7.67-7.70 (3H, m, aromatic CH),
7.74 (1H, s, aromatic CH), 8.12 (2H, d, J=8.40 Hz, 1,4-disubstituted
benzene), 8.33 (2H, d, ]=8.37 Hz, 1,4-disubstituted benzene), 8.46
(1H, s, CH=N), 11.99 (1H, s, NH). 3C-NMR (75 MHz, DMSO-dg):
8= 14.65, 115.48, 116.88, 123.76, 126.09, 127.21, 127.73, 128.04,
128.42, 128.89, 129.18, 131.09, 132.06, 135.33, 141.62, 148.20,
151.80, 162.72. HRMS (m/z): [M+H]" caled for Cy,Hq7N40SCl:
421.0889; found: 421.0884. Anal. calcd. For Cy,H;7N40SCl,
C, 62.78; H, 4.07; N, 1331. Found: C, 62.94; H, 4.05; N,
13.35.

4-((2-(4~(5-Chloro-1H-benzo[d]imidazole-2-yl)-N'-(4-
(trifluoromethyl)benzylidene)benzo hydrazine (3e); Yield: 79%,
M.P= 260.8 °C. 'TH-NMR (300 MHz, DMSO-dg): 8 7.26-7.30
(1H, m, aromatic CH), 7.59 (1H, dd, J1=8.52 Hz, J2=2.31 Hz,
benzimidazole-Cs), 7.71-7.77 (1H, m, aromatic CH), 7.84 (2H, d,
]=8.88 Hz, 14-disubstituted benzene), 797 (2H, d, ]=7.98 Hz,
1,4-disubstituted benzene), 8.11 (2H, d, ]=8.10 Hz, 1,4-disubstituted
benzene), 8.32 (2H, d, J=8.49 Hz, 1,4-disubstituted benzene), 8.56
(1H, s, CH=N), 12.20 (1H, s, NH), 13.34 (1H, s, NH). 3C-NMR
(75 MHz, DMSO-dg): 6= 100.68, 103.70, 107.23, 108.99, 112.73,
115.96, 120.53, 123.85, 124.79, 126.55, 126.97, 131.02, 133.52,
138.61, 142.24, 144.74, 151.39, 161.26. HRMS (m/z): [M+H]* calcd
for CyH4N4OF3Cl: 443.0882; found: 443.0881. Anal. calcd. For
CH14N4OF3Cl, C, 59.67; H, 3.19; N, 12.65. Found: C, 59.85; H,
3.17; N, 12.69.

N’-([1,1’-biphenyl]-4-ylmethylene)-4-(5-chloro-1H-
benzo[d]imidazole-2-yl)benzohydrazide (3f); Yield: 71%, M.P.=
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304.1 °C. TH-NMR (300 MHz, DMSO-dg): § 7.28 (1H, dd, J1=8.55
Hz, ]2=2.01 Hz, benzimidazole-Cs), 7.41-7.43 (1H, m, aromatic
CH), 7.48-753 (2H, m, aromatic CH), 7.66 (2H, d, J=8.58 Hz,
aromatic CH), 7.72-7.79 (3H, m, aromatic CH), 7.82-7.88 (3H, m,
aromatic CH), 8.13 (2H, d, J=8.37 Hz, 1,4-disubstituted benzene),
8.33 (2H, d, J=8.40 Hz, 1,4-disubstituted benzene), 8.54 (1H, s,
CH=N), 12.06 (1H, s, NH). 3C-NMR (75 MHz, DMSO-dg): 8=
123.35, 127.04, 12716, 12734, 127.57, 128.24, 128.38, 128.88,
129.52, 13114, 132.84, 133.70, 133.83, 134.98, 139.77, 142.12,
148.09, 151.25, 152.06, 160.50, 162.88. HRMS (m/z): [M+H]*
caled for Cy;H19N4OCI: 451.1317; found: 451.1320. Anal. calcd. For
Cy7H19N4OCl, C, 71.92; H, 4.25; N, 12.43. Found: C, 72.18; H, 4.23;
N, 12.45.

4-((2-(4-(5-Chloro-1H-benzo|[d]imidazole-2-y1)-N'-(4-
ethoxybenzylidene)benzohydrazine (3g); Yield: 75%, M.P.= 279.9
°C. TH-NMR (300 MHz, DMSO-dg): & 135 (3H, t, J=6.84 Hz,
CH3), 4.08 (2H, q, J= 6.75 Hz, CH,), 7.28 (2H, dd, J1=8.76 Hz,
J2=2.10 Hz, aromatic CH), 7.26 (1H, d, J=8.52 Hz, aromatic CH),
7.63-7.70 (4H, m, aromatic CH), 8.08 (2H, d, ]J=8.37 Hz, 14-
disubstituted benzene), 8.31 (2H, d, J=8.28 Hz, 1,4-disubstituted
benzene), 842 (1H, s, CH=N), 11.86 (1H, s, NH). 3C-NMR (75
MHz, DMSO-dg): 8= 15.06, 63.73, 115.22, 123.22, 125.14, 126.16,
126.97, 12710, 128.79, 129.26, 13137, 132.17, 132.83, 135.10,
136.28, 148.45, 152.12, 160.68, 162.67. HRMS (m/z): [M+H]*
caled for Co3H19N40,Cl: 419.1253; found: 419.1269. Anal. calcd. For
Co3H1gN40,Cl, C, 65.95; H, 4.57; N, 13.38. Found: C, 66.20; H, 4.56;
N, 13.41.

N’-(4-(benzyloxy)benzylidene)-4-(5-chloro-1H-
benzo[d]imidazole-2-yl)benzohydrazide (3h); Yield: 7 0%, M.P.=
262.6 °C. TH-NMR (300 MHz, DMSO-dg): § 517 (2H, s, CH,),
711 (2H, d, J=8.82 Hz, aromatic CH), 7.26 (1H, dd, J1=8.61 Hz,
J2=1.92 Hz, benzimidazole-Cs), 7.34-7.44 (4H, m, aromatic CH),
747 (2H, d, J=8.01 Hz, aromatic CH), 7.70 (3H, d, ]=8.01 Hz,
aromatic CH), 8.08 (2H, d, ]=8.49 Hz, 1,4-disubstituted benzene),
8.30 (2H, d, J=8.46 Hz, 14-disubstituted benzene), 8.42 (1H, s,
CH=N), 11.87 (1H, s, NH). 13C-NMR (75 MHz, DMSO-dg): 8=
69.81, 115.66, 126.97, 127.25, 127.47, 128.27, 128.42, 128.79, 128.95,
129.24, 130.67, 131.34, 132.86, 135.08, 135.67, 137.21, 138.03,
139.48, 148.36, 148.98, 160.47, 162.69. HRMS (m/z): [M+H]" calcd
for CygHy1N40,Cl: 481.1426; found: 481.1434. Anal. calcd. For
CogHy1N40,Cl, C, 69.92; H, 4.40; N, 11.65. Found: C, 70.10; H, 4.39;
N, 11.61.

4-((2-(4-(5-Chloro-1H-benzo|[d]imidazole-2-y1)-N'-(4-
cyanobenzylidene)benzohydrazine (31); Yield: 77%, M.P.= 285.8 °C.
TH-NMR (300 MHz, DMSO-dg): & 7.23-7.30 (1H, m, aromatic CH),
7.58 (1H, d, ]=8.61 Hz, aromatic CH), 7.70-7.77 (1H, m, aromatic
CH), 794 (4H, s, aromatic CH), 811 (2H, d, J=8.25 Hz, 14-
disubstituted benzene), 8.32 (2H, d, J=8.28 Hz, 1,4-disubstituted
benzene), 8.53 (1H, s, CH=N), 12.24 (1H, s, NH), 13.33 (1H, s,
NH).3C-NMR (75 MHz, DMSO-dg): &= 11175, 119.14, 120.82,
121.77, 122.65, 123.83, 127.03, 128.17, 128.96, 129.60, 133.28,
134.60, 134.84, 139.20, 143.12, 145.15, 146.50, 163.12. HRMS (m/z):
[M+H]* caled for C5,H14N5OCl: 400.0957; found: 400.0960. Anal.
caled. For CyH4Ns50Cl, C, 66.09; H, 3.53; N, 17.52. Found: C,
65.88; H, 3.52; N, 17.56.

2-((2-(4-(5-Chloro-1H-benzo[d]imidazole-2-
yl)benzoyl)hydrazineylidene)methyl)benzoic acid (3j); Yield:
74%, M.P.= 233.8 °C. TH-NMR (300 MHz, DMSO-dg): § 7.29 (1H,
dd, J1=8.55 Hz, J2=1.98 Hz, benzimidazole-Cs), 7.52-7.57 (1H, m,
aromatic CH), 7.65-7.72 (3H, m, aromatic CH), 7.91 (2H, d, J=7.59
Hz, aromatic CH), 8.09-8.16 (3H, m, aromatic CH), 8.31 (2H, d,
]=8.34 Hz, 1,4-disubstituted benzene), 9.24 (1H, s, CH=N), 12.23
(1H, s, NH). 3C-NMR (75 MHz, DMSO-dg): 8= 123.05, 124.71,
125.97, 126.04, 12742, 127.88, 128.16, 130.13, 132.02, 133.65,
134.90, 134.99, 136.37, 139.57, 142.84, 148.46, 149.81, 151.93,
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167.14, 168.54. Anal. calcd. For C;;H15N405Cl, C, 63.09; H, 3.61; N,
13.38. Found: C, 62.88; H, 3.60; N, 13.41.

3.1.2. Antimicrobial activity

The synthesized ten compounds were investigated for their po-
tential antimicrobial activities against S. aureus ATCC 29213, E. coli
ATCC 25922 (Gram-positive and Gram-negative bacteria, respec-
tively), C. albicans ATCC 10231 (fungus), and the clinical isolates
of these microorganisms. The study was conducted according to
the Clinical Laboratory Standards Institute (CLSI) M100-S28 proto-
col for bacteria [28], and CLSI M27-A3 protocol for fungi [29]. In
the study, Mueller Hinton Broth (MHB) and RPMI-1640 mediums
were used for the determination of potential antibacterial and an-
tifungal activity, respectively.

Firstly, all compounds were dissolved in DMSO and the serial
dilutions of each compound at the range of 2-512 pg/mL were pre-
pared in 96-well microplates, after placing broth medium in each
well. Suspension of each microorganism was prepared using Mc-
Farland 0.5 standard and as a result 10° CFU/ml densities were
reached. Microplates containing bacteria and fungus were incu-
bated for 24 h at 37°C and 48 h at 35°C, respectively. The reference
antimicrobials were tested against these microorganisms at the
same time. Besides, growth control of microorganisms and steril-
ization control of the mediums were tested. The wells with the
lowest concentration with no microbial growth were determined
as minimum inhibition concentrations. The detection was made by
visual evaluation using dye MTT [30]. Each test was run thrice.

3.1.3. Anticancer Activity

Cell Culture: HT-29, the colorectal cancer cell line was pur-
chased from American Type Culture Collection and was grown
in Dulbecco’s modified Eagle’s medium (DMEM; Gibco, Thermo
Fisher Scientific), supplemented with 10% fetal bovine serum (FBS;
Sigma Aldrich), 1% L-glutamine (Sigma-Aldrich), and 1% peni-
cillin/streptomycin (Sigma-Aldrich). The cultured cells were incu-
bated at 37°C in a humidified atmosphere containing 5% CO,. All
newly synthesized compounds were dissolved in DMSO, and stock
solutions were diluted with DMEM as the final concentration of
DMSO should not exceed 0.5%.

Cell Viability Assay: The effect of the compounds 3a-3j on the
viability of HT-29 cell line was analyzed by MTT assay. The cells
were seeded at a density of 1 x 104 cells/well and treated with 20
1M concentrations for each and incubated for 24 h. Untreated cells
were used as control and fluorouracil was used for positive control.
Following incubation, the cells were treated with 20 uL of MTT
solution (5 mg/mL in PBS, Sigma) and incubated at 37°C for 3 h
to let the metabolically active cells reduce MTT dye into formazan
crystals. The formazan crystals were dissolved in DMSO (Sigma).
The reduction of MTT was quantified by measuring the absorbance
at 540 nm with a microplate reader (Thermo, Germany). Data was
represented as mean =+ standard deviation (+ SD).

3.14. TAS & TOS activity

The total antioxidant status (TAS) was determined by a com-
mercial kit that is manufactured by Rel Assay Diagnostics. Accord-
ing to this method, the potential antioxidant structures in the sam-
ple were reduced from the dark blue-green ABTS radical form to
the colorless reduced ABTS form. The alteration of absorbance at
660 nm is related to the total antioxidant capacity of the sam-
ple. The assay was calibrated with the reference substance used
as the stable standard antioxidant solution, which is the vitamin E
analogue called the Trolox equivalent. TAS measurement was per-
formed according to the kit procedure. After calculating the dif-
ference between absorbance values, the equation given below was
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calculated according to Eq. 1 [31].

A2 — A1 = AAbs of standart or sample or H,0 ()
_ [AAbs H,0—AAbs Sample]
Results = [AAbs HZZO—AAbs Standart]

Oxidants present in the sample oxidize the ferrous ion-chelator
complex to ferric ion. The oxidation reaction is prolonged by en-
hancer molecules, which are abundantly present in the reaction
medium. The ferric ion makes a colored complex with chromogen
in an acidic medium. The color intensity, which can be measured
spectrophotometrically is related to the total amount of oxidant
molecules present in the sample. The assay was calibrated with hy-
drogen peroxide and the results were expressed in terms of micro-
molar hydrogen peroxide equivalent per liter (umol H,0, Equiv./L).
TOS measurement was performed according to the kit procedure.
After calculating the difference between absorbance values, the
equation given below is calculated according to Eq. 2 [32].

A2 — A1 = AAbs of standart or sample

__ _AAbs Sample (2)
Results = AAbs Standart ¥ 20

3.2. Computational details

3.2.1. Density Functional Theory (DFT) calculations

Density functional theory (DFT) was developed by Hohenberg
and Kohn [33] and Kohn and Sham [34]. Kohn and Sham reduced
the problem of interacting electron systems to the problem of non-
interacting electrons moving at an effective potential, which in-
cludes the Coulomb interaction between electrons. The most im-
portant advantage of this approach is that it can calculate the
energy of such a system from the solution of the one-electron
Schrédinger equation. Kohn-Sham equations are solved numeri-
cally by repeating the so-called self-consistency loop procedure. In
each step of this cycle, the energy is calculated and this process
continues until it converges to the ground state energy.

In this study, the newly synthesized ten compounds were mod-
eled with DFT by using conventional hybrid functional (B3LYP)
[25] and by taking into account long-range interaction (wWB97X-
D) [26]. Both van der Waals and solvent effect on molecular
structure were investigated. All calculations were carried out us-
ing Gaussian 09 software [35], and Gauss View 5.0 [36] for
visualization. B3LYP functional of Becke, Lee, Yang and Parr
was used in comparison to wB97X-D functional which is us-
ing a version of Grimme’s D2 dispersion model [37]. The two
methods were compared in terms of both, energy and geomet-
ric parameters and were superimposed by using Olex2 [38] to
see the harmony between them. All the calculations were exe-
cuted both in gas phase and solvent mediums, which are ace-
tonitrile (MeCN), dimethylsulfoxide (DMSO), ethanol (EtOH) and
methanol (MeOH) solvents. Polarizable Continuum Model (PCM)
[39-42] was used for evaluating the solvent effect on geometry
optimization.

According to Koopmans’ theorem, the global reactivity parame-
ters were computed, which are electronegativity (), chemical po-
tential (@), hardness (1), electrophilicity index (w), and softness
(S). Chemical reactivity order was determined from the highest-
occupied molecular orbital (HOMO) and the lowest-unoccupied
molecular orbital (LUMO) analysis.

3.2.2. Theoretical ADMET studies

Computational absorption, distribution, metabolism, excretion,
and toxicity properties of compound 3d with the best antioxi-
dant activity were performed by pkCSM-pharmacokinetics server
(http://biosig.unimelb.edu.au/pkcsm/) [43].
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3.3. PXRD data analysis

Compound 3a was characterized with Bruker D8 Advance X-ray
diffractometer.

4. Conclusion

A series of some new benzimidazole-hydrazone derivatives (3a-
3j) was synthesized in this study. The structures of target sub-
stances were confirmed by using 'H NMR and 3C NMR spec-
troscopy and mass spectrometry. The synthesized compounds have
been evaluated for antimicrobial activity against four bacterial
strains (S. aureus and E. coli) and two fungal strains (C. albicans).
The anticancer activities of the compounds were evaluated against
the HT-29 cell line. The compounds were also analyzed for their
antioxidant capacity by Tas & Tos activity. According to the results,
the compounds showed moderate activity against HT-29 cell line.
It was determined that the compound 3d showed a high oxidative
effect with 30.81 umol H,0, Equiv./L value.
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