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Abstract

In this study some novel Schiff bases derivatives of benzimidazole containing thiophene ring
were designed and synthesized by using various aldehydes. Seven different aromatic
aldehydes with various side groups were used for synthesized. 'H-NMR, *C-NMR spectra
and LC-MS were used to identify all of the compounds. All synthesized compounds anti urease
activities were calculated according to phenol-hypochlorite method by Weatherburn. The
results indicated that all compounds have anti urease activity between 12.70+0.11 pg/mL and
14.00+0.08 pg/mL ICs values. Especially the compound N'-[(1E)-2-furylmethylene]-2-[5,6-
dimethyl-2-(2-thienylmethyl)- 1 H-benzimidazol-1-yl]acetohydrazide (5g) has very close ICsg
value (12.704+0.11 pg/mL) to thiourea (12.60+0.10 pg/mL) that is the standard inhibitor. 5g
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bearing furan ring at the N-3 position on the benzimidazole nucleus has the smallest volume

of side group than others.

1. Introduction

Enzyme inhibition studies, which are important areas
of pharmaceutical research, have already led to the
discovery of wide variety of drugs useful in a number
of diseases. Urease inhibitors are important to control
the damaging effects of ureolytic bacterial infections in
humans such as urinary stone formation, peptic ulcer
and hepatic coma. Also, urease inhibitors have been
regarded as targets for new antiulcer drugs [1,2].
Urease inhibitors have received special attention over
the past few years because of their potential uses
besides of using medicine. Controlling hydrolysis of
urea in soil is crucial situation. Urease inhibitors
protect soil from pH elevation [3]. These inhibitors,
which are generally divided into two classes, substrate
structural analogs like hydroxamic acid and those
which affect the mechanism of the reaction like
phosphoramidat, lansoprazole, omeprazole, thiol-
compounds, quinines and Schiff base derivatives are
reported as potent urease inhibitors [4]. In our recent
studies we have investigated Schiff base derivatives,
which were most active inhibitors of Jack bean urease
[5,6].

Benzimidazoles  are  significant  heterocyclic
compounds because of their structurally similarity to
purine and its derivatives, proteins inside the bacterial

cell wall and it is the basic part of the structure of
vitamin Bi,. [7] Also, benzimidazoles have a wide
range of biological activities including antioxidant [8],
anticancer,  antimicrobial [9],  antihistaminic,
antiinflammatory [10], enzyme inhibitions [11,12] and
they have an important role in the field of medicine. A
condensation reaction between aldehydes or ketones
with primary amines in alcoholic conditions form
Schiff bases. Aromatic-based Schiff bases have many
advantages and show more potential in biological
applications as a result of the free -electron
delocalization with the ring structure. They are very
significant class of organic compounds that show
interest in industrial sectors with many biological and
pharmaceutical applications [13]. The heterocyclic
compounds such as imidazole and benzimidazole and
also thiophene ring have most predominant
heteroatoms which are mainly nitrogen, oxygen, and
sulfur (N, O, S). Also, they are important class of
pharmacophores and they are well known as drugs
[14,15].

The present study covers the synthesis of novel
benzimidazoles containing thiophene ring linked with
Schiff base and their evaluation as urease inhibitors.
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2. Results and Discussion

2.1. Chemistry

I have synthesized seven new Schiff bases based of
benzimidazole. Synthesis scheme of all target
compounds is shown in Scheme 1. Firstly, iminoester

J., 42(3) (2021) 649-655

hydrochloride (1) was prepared according to the
procedure [16]. Compound 1 was added to the solution
of 4,5-dimethyl-1,2-phenylenediamine in methanol
and refluxed. The starting benzimidazole (2) was
reacted with ethyl bromoacetate in acetone with K»,COs
to synthesize ethyl[5,6-dimethyl-2-(thiophen-
2ylmethyl)-1H-benzimidazol-1-yl]acetate (3).
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Scheme 1. The synthetic way of the target compounds

Ethyl [5,6-dimethyl-2-(thiophen-2-ylmethyl)-1H-
benzimidazol-1-yl]acetate (3) reacted with hydrazine
hydrate in pure ethanol gave benzimidazole derivative
of hydrazide compound 4. After this stage, hydrazide
(4) was treated with seven different aromatic aldehydes
catalysed with AcOH in ethanol to synthesize Schiff
bases (5a-g). The structures of all these compounds
were identified by Infirared (IR), Proton and Carbon
Nuclear Magnetic Resonance data and Mass spectra.
All data of compounds are compatible with each other.
IR spectra gave NH bands from benzimidazoles of
these compounds between 3187 and 3407 cm™ ,C=0
band between 1656 and 1706 ¢m' and C=N band
between 1521 and 1600 cm™. Proton NMR spectra of
Schiff bases (5a-f) gave the correct signals with
proposed structures. NH signals are appeared at about
11.43-11.86 ppm with different cis/trans conformer
ratios. NCH, signals are between 5.14 and 5.44 ppm.

There are two -CHs3 signals in spectrum from
benzimidazole ring. C=N signals of benzimidazoles
are at about 152.64 ppm in carbon NMR spectra for all
compounds. The imine carbon atoms from Schiff bases
(5a-g) are resonated at 149.11 (for 5a), 150.32 (for Sb),
149.06 (for S¢), 152.79 ppm (for 5d) ,151.26 (for 5f),
149.41 (for 5g) in the *C-NMR spectrum.

2.2. Urease inhibitory assay

Urease inhibition studies of new compounds were
calculated according to Phenol-hypochlorite method
by Weatherburn (1967) [17]. All of the compounds and
thiourea were dissolved in DMSO and screened at 20
pg/mL final concentration. Schiff bases showed
inhibitor activity at low final concentrations. Thiourea
was used as positive control. In this study lower ICsy
values of compounds display higher enzyme inhibitory
effectiveness.
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Table 1: The new Schiff Bases Chemical Structures and ICso values

Compounds Chemical Structure

ICso (ug/mL)

5a J/gz
J /

/
5b KQO
5¢ b//'&o
sd J/g

/
Se

5f KQ/ H§ 2

r—s
=
4

5g o
T

' /
=

Thiourea E

H2N/ \NH2

12.7940.10 pg/mL

12.80+0.08 pg/mL

13.504+0.12 pg/mL

14.00+0.08 pg/mL

13.1240.09 pg/mL

13.60+0.06 pg/mL

12.70+0.11 pg/mL

12.60+0.10 pg/mL
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Table 1 shows ICsy values of compounds and the
standard at 20 pg/mL final concentrations. All Schiff
bases have anti urease activity between 12.70+0.11 and
14.00+£0.08 pg/mL values. 5g has the best inhibition
activity with ICsp: 12.70+0.11 pg/mL. 5g bearing furan
ring at the N-3 position on the benzimidazole nucleus.
The results show that antiurease activity decreases with
increased volume of side groups.

3. Experimental
3.1. Synthesis of compound 2

0.2 g (0.010 mol) iminoester hydrocloride (1) was
added to the solution of 0.13 g 4,5-dimethlyl,2-
phenylenediamine (1 mmol) in 40 ml dry methanol.
The mixture was stirred about an hour and then
refluxed at about 2h. When the reaction completed
controlled by TLC, the balloon was cooled until room
temperature. Water was added to the mixture to
precipitate the product. White compound was filtrated
and recrystallized from ethanol.

3.1.1. 5,6-Dimethyl -2- (thiophen-2-ylmethyl) -1H-
benzimidazole (2)

Yield 83%, mp: 147-149°C , IR (Vimax, cm): 3250
(NH), 1500 (C=N). 'H-NMR (400 MHz, DMSO-dq):
1.17 (t, J= 6.8 Hz, 3H, CHs), 4.40 (s, 2H, CH), 6.80—
7.45 (m, 5SH, ArH) and 12.08 (s, 1H, NH)."*C-NMR
(100 MHz, DMSO-dg): 20.36 (CHs), 29.77 (CHa),
125.32, 126.62, 126.40, 127.32, 130.07, 140.17 (Ar—
C) and 152.11 (C=N). LC-MS, m/z: 242.98 [M+H]".

3.2.Synthesis of compound 3

2.42 g compound 1 (0.010 mol) in 10 mL of acetone
and 3.45 g K,CO; (0.025 mol) was stirred at room
temperature for 1h in a balloon. Ethyl bromoacetate
(0.011 mol) was added into the mixture and stirred at
room temperature for further 8h. The mixture was
poured into water and the white solid was filtered off
and recrystallized from a solution of ethanol:water

(1:3).

3.2.1. Ethyl [5,6-dimethyl-2-(thiophen-2-ylmethyl)-
1H-benzimidazol-1-yl]acetate (3): Yield 90%, mp:
114-116 °C, IR (Vimax, cm’'): 1738 (C=0), 1515 (C=N).
'"H-NMR (400 MHz, DMSO-de): 1.12 (t, 3H, J= 7.2
Hz, CH3), 4.02 (m, 2H, OCH>), 4.41 (s, 2H, CH>), 5.08
(s, 2H, NCH,), 6.92 (t, J= 7.2 Hz, 3H, ArH), 7.19 (s,
1H, ArH), 7.35 (d, J=7.2 Hz 1H, ArH). *C-NMR (100
MHz, DMSO-de): 14.38 (CHs), 20.27 (CH3), 20.51
(CH3), 28.03 (CHp), 44.92 (NCH»), 61.55 (OCH>),
ArC [110.65, 119.30, 125.69, 126.65, 130.31, 131.07,
134.60, 139.15, 140.99], 152.39 (C=N) and 168.24
(C=0). LC-MS, m/z: 328.94 [M+H]".

3.3.Synthesis of compound 4

To a solution of compound 2 (3.28 g, 0.010 mol) in 10
mL of ethanol, hydrazine monohydrate (0.035 mol)
was added and the mixture was stirred for 4h. The
reaction was scanned by TLC (ethanol:ethyl acetate,
3:1). The mixture was filtered off, dried and
recrystallized.

3.3.1. 2-[5,6-Dimethyl-2-(thiophen-2-ylmethyl)-
1H-benzimidazol-1-yl]acetohydrazide (4)

Yield 85%, mp: 237-239 °C. IR (Vimax, cm™): 3379-
3165 ( NH-NH>), 1663 (C=0), 1518 (CN). 'H-NMR
(400 MHz, DMSO-d¢): 9.45 (s, 1H, NH), 7.86 (m, 2H,
ArH), 7.17 (s, 1H, ArH), 6.94 (m, 3H, ArH), 4.72 (s,
2H, NCH>), 4.42 (s, 2H, NH>), 4.02 (s, 2H, CH,). *C-
NMR (100 MHz, DMSO-ds): 20.29, 20.57 (CHa3),
28.15 (CH), 44.86 (NCH,), ArC [110.59, 119.27,
125.55, 126.61, 127.18, 130.13, 134.52, 139.34,
141.08], 152.71 (C=N), 166.41 (C=0), 170.59 (C-S).
LC-MS, m/z: 314.94 [M+H]".

3.4.Synthesis of compounds 5a-g.

About ten mmol of aromatic aldehyde was added to the
solution of compound 3 (3.14 g, 10 mmol) in 15 mL
dry ethanol and containing 0.5 mL of glacial acetic
acid. The mixture was then refluxed for 5h and the
reaction was viewed by TLC. Then, the mixture was
cooled to room temperature, and a white solid was
precipitated. The product was filtrated, washed with
water, and recrystallized from ethanol to obtain pure
compounds Sa-g.

3.4.1. 2-[5,6-Dimethyl-2-(2-thienylmethyl)-1H-
benzimidazol-1-yl]-N'-[(1E)-phenylmethylene]
acetohydrazide (5a)

Yield: 90%, mp: 217-219°C. IR (Vmax, cm™):
3187 (NH), 1700 (C=0), 1521(C=N) cm’. 'H-
NMR (400 MHz, DMSO-ds): 1.10 (3H,t, J=8.0
Hz, CH;), 446 (2H, s, CH2), 5.44 (2H, s,
NCH>»), 6.94 (1H, s, ArH), 7.27 (1H, s, ArH),
7.36—7.52 (3H, m, ArH), 7.79 (2H, d, J/=8.0 Hz,
ArH), 831 (1H, s, CH), 11.85 (1H, s, NH). 13C-
NMR (100 MHz, DMSO-ds): 20.28, 20.44 (CH3),
27.83 (CH>), 44.88 (NCH>), ArC:[111.12, 118.51,
125.79, 126.87, 127.21, 129.13, 129.20, 129.33,
133.41, 134.92, 138.64, 143.29, 146.67 ], 149.11
(C=N, Schiff  base), 152.64 (C=N,
benzimidazole), 168.34 (C=0). LC-MS, m/z:
242,98 [M+H]". LC-MS, m/z: 403.05 [M+H]".
Cal: 402.51 [M"].
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3.4.2. N'-[(1E)-(4-chlorophenyl)methylene]-2-[5,6-
dimethyl-2-(2-thienylmethyl)-1H-benzimidazol-1-
yl]acetohydrazide (5b)

Yield: 90%, mp: 114-116°C. IR (Vimax, cm™): 3207
(NH), 1697 (C=0), 1608 (C=N) 'H-NMR (400 MHz,
DMSO-ds): 1.12 (3H, t, J= 8.2 Hz, CH3), 4.48 (2H, s,
CH»), 5.44 (2H, s, NCHa, ), 6.92-7.27 (3H ,m, ArH),
7.37 (1H, s, ArH), 7.52 (1H, d, J=8.0 Hz, ArH), 7.71
(2H, d, J=8.0 Hz, ArH), 7.78 (1H, d, J/=8.0 Hz, ArH),
8.32 (IH, s, CH), 11.85 (1H, s, NH). '*C-NMR (100
MHz, DMSO-ds): 20.28, 20.43 (CHs), 27.82 (CH>),
44.87 (NCH,), ArC: [111.10, 118.49, 125.79, 126.87,
127.21, 129.13, 129.32, 130.85, 131.50, 134.40, 134.92,
135.08, 138.86, 143.31, 146.68], 150.32 (C=N, Schiff
base), 152.63 (C=N, benzimidazole), 168.32 (C=0).
LC-MS, m/z: 437.00 [M+H]". Cal: 436.96 [M"].

3.4.3. N'-{(1E)-[4-(dimethylamino) phenyl]
methylene } -2-[5,6-dimethyl -2-(2-thienylmethyl) -
1H- benzimidazol-1-yl]acetohydrazide (5c)

Yield: 92%, mp: 199-200 °C. IR (Vmax, cm™): 3190
(NH), 3024 (ArCH), 1656 (C=0), 1597 (C=N) cm'l .
"H-NMR (400 MHz, DMSO-de): 1.18 (3H, t, J= 8 Hz,
CHs), 4.44 (2H, s, CH») and 5.31 (2H, s, NCH>), 6.70
(2H, t, J = 8 Hz, ArH), 6.92 (1H, s, ArH), 7.19 (1H, s,
ArH), 7.25 (1H, s, ArH), 7.34 (1H, s, ArH), 7.49-7.52
(2H, m, ArH), 7.93 (1H, s, CH), 11.43 (1H, s, NH).
BC-NMR (100 MHz, DMSO-de): 20.25, 20.41, 20.48
(CH3), 40.19 (N—CH3), 44.65 (CH>) and 45.28 (NCH>),
ArC: [110.91, 112.16, 118.76, 121.61, 125.70, 126.74,
127.27, 128.79, 129.02, 130.70, 131.37, 134.34,
134.68, 138.96, 140.25, 145.74], 149.06 (C=N, Schiff
base), 152.05 (C=N, benzimidazole), 167.70 (C=0).
LC-MS, m/z: 446.10 [M+H]". Cal: 445.58 [M"].

3.44. N'- [(1E) - ( 3-bromo - 4- fluorophenyl )
methylene | -2- [5,6-dimethyl -2- (2-thienylmethyl)
-1H- benzimidazol -1 -yl]acetohydrazide (5d)

Yield: 93%, mp: 258-260 °C. IR (Vimax, cm'): 3407
(NH), 3094 (ArCH), 1707 (C=0), 1609, 1540 (C=N)
cm!. 'TH-NMR (400 MHz, DMSO-d¢), 8, ppm: 1.05
(3H, s, CH3), 4.40 (2H, s, CH>), 5.42 (2H, s, NCH,),
6.93 (s, 2H, ArH), 7.20-7.45 (3H, m, Ar—H), 7.79 (1H,
s, Ar-H), 8.01 (1H, s, N=CH), 8.14 (1H, s, ArH), 11.81
(1H, s, NH). *C-NMR (100 MHz, DMSO-ds), : 20.29,
28.18 (CH3), 44.68 (CHz), 45.75 (NCH2), ArC:
[109.37, 110.79, 117.48, 119.18, 125.55, 126.60,
127.10, 129.06, 129.98, 130.75, 131.87, 132.82,
135.03, 139.32, 141.11, 141.86], 152.79 (C=N, Schiff
base), 158.18 (Benzimidazole, C=N), 160.66 (C-F, d,
Jcr = 247 Hz), 168.76 (C=0). LC-MS, m/z: 500.00
[M+H]". Cal M": 499.40 [M"].

3.4.5. N'-[(1E)-(2-hydroxyphenyl)methylene]-2-[5,6-
dimethyl-2-(2-thienylmethyl)-1H-benzimidazol-1-
yl]acetohydrazide (Se):

Yield: 89%, mp: 200-202 °C. IR (Vimax, cm'): 3397 (NH),
1698 (C=0), 1606, 1548 (C=N) cm’’. ! H-NMR (400
MHz, DMSO-de): 1.20 (3H, t, J=7.2 Hz, CH3), 4.34 (2H,
s, CH), 5.14 (2H, s, NCH>), 6.91 (s, 2H, ArH), 7.20-7.34
(3H, m, Ar-H), 7.75 (1H, s, Ar—-H), 8.36 (1H, s, N=CH),
8.56 (1H, s, ArH), 10.23 (1H, s, OH), 11.71 (1H, s, NH).
BC-NMR (100 MHz, DMSO-de): 21.29, 30.18 (CHs),
44.62 (CH»), 45.75 (NCH,), ArC:[110.62, 119.36, 122.05,
124.40, 126.66, 127.68, 128.07, 128.76, 129.16, 130.32,
130.75, 131.04, 134.66, 135.02, 139.30, 141.07], 147.19,
151.26 (C=N, Schiff base), 152.72 (Benzimidazole,
C=N), 164.01, 168.50 (C=0). LC-MS, m/z: 418.94
[M+H]". Cal: 418.51 [M]".

3.4.6. N'-|[(1E) - (3,5-dichloro-2-hydroxyphenyl)
methylene]-2-[5,6-dimethyl-2-(2-thienylmethyl)-
1H-benzimidazol-1-yl]acetohydrazide (5f)

Yield: 95%, mp: 278-280 °C. IR (Vimax, cm™'): 3076
(NH), 1706 (C=0), 1479 (C=N) cm’. ' H-NMR (400
MHz, DMSO-d¢): 1.12 (3H, t, J=8.0 Hz, CHs), 4.44
(2H, s, CH>), 5.44 (2H, s, NCH»), 6.90-6.98 (m, 2H,
ArH), 7.35 (1H, d, J=8.0 Hz, ArH), 7.23 (1H, d, J=8.0
Hz, ArH), 7.79 (1H, s, Ar-H), 8.29 (1H, s, N=CH),
8.39 (1H, s, ArH), 10.33 (1H, s, OH), 11.86 (1H, s,
NH). BC-NMR (100 MHz, DMSO-dg): 20.29, 28.18
(CH3), 44.68 (CH,), 45.75 (NCH»), ArC: [110.62,
119.34, 123.05, 124.40, 125.54, 126.68, 127.07,
128.76, 130.00, 130.32, 130.75, 131.04, 134.66,
135.02, 139.30, 141.07], 147.19, 151.26 (C=N, Schiff
base), 152.72 (Benzimidazole, C=N), 164.01, 168.50
(C=0). LC-MS, m/z: 486.98 [M+H]". 487.40 [M]".

34.7. N'-| (1E) -2-furylmethylene | -2- [5,6-
dimethyl -2- (2-thienylmethyl) - 1H -
benzimidazol -1- yl] acetohydrazide (5g)

Yield: 82%, mp: 208-210 °C. IR (Vimax, cm™): 3087
(NH), 1702 (C=0), 1509 (C=N) cm’'. "H-NMR
(400 MHz, DMSO-ds): 1.04, (3H, s, CH3), 4.40
(2H, s, CH>), 5.28 (2H, s, NCH>), 6.61-6.93 (m, 3H,
ArH), 7.19, (1H, s, ArH), 7.34 (1H, s, ArH), 7.92
(2H, t, ArH), 8.11(1H, s, ArH), 11.66 (1H, s, NH).
BC-NMR (100 MHz, DMSO-ds): 19.00, 20.27
(CH3), 44.56 (CH»), 56.47 (NCH;), ArC:[110.62,
112.64, 114.37, 119.15, 125.56, 126.57, 127.12,
130.05, 130.86, 134.67, 134.93, 137.79, 139.33,
141.05, 145.59], 149.41 (C=N, Schiff base), 152.79
(Benzimidazole, C=N), 163.57, 168.26 (C=0).
LC-MS, m/z: 392.97 [M+H]*. Cal: 392.47 [M]".
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3.5. Antiurease activity assay

Urease enzyme inhibition studies were performed
according to the method developed by Weatherburn
(1967) in the literature [17]. Phenol-hypochlorite
method based on enzyme substrat interaction resulting
ammonium ion. Reaction mixtures including 400 uL
of buffer at pH 8.2 (100 mM urea, 0.01 M K,HPOs, 1
mM EDTA and 0.01 M LiCl), 200 pL of Jack Bean
Urease and 100 pL of the test compound solution in
DMSO were incubated at room temperature for 15
min. 650 pL phenol reagent (1% w/v phenol and
0.005% w/v sodium nitroprusside) and 650 pL alkali
reagent (0.5% w/v sodium hydroxide and 0.1% v/v
NaOCl) were added to each tube and the increasing
absorbance at 625 nm with blue-navy colour was
measured after 50 min, wusing a UV/vis
spectrophotometer. Jack bean urease was used as
model enzyme. Thiourea was used as positive control.
Different concentrations of inhibitory compounds were
used and ICso values were calculated.

The percentage inhibition was calculated using the
following equation 100 —(ODtest
well/ODcontrol)x100.

4. Conclusions

I designed and synthesized new Schiff bases
containing thiophene ring and derivatives of
benzimidazoles. I used seven different aromatic
aldehydes with several side groups. Schiff bases
synthesized with high efficiency and their chemical
structures were confirmed by spectral methods. Their
urease inhibition activities were evaluated using
Phenol-hypochlorite method by Weatherburn and
compared to the standard inhibitor thiourea. Results
indicate that all synthesized Schiff bases have
antiurease activity and especially compound N'-[(1E)-
2-furylmethylene]-2-[5,6-dimethyl-2-(2-
thienylmethyl)-1H-benzimidazol-1-yl]acetohydrazide
has the best ICso value that is bearing furan ring at the
N-3 position on the benzimidazole nucleus, which has
the smallest volume of side group than others.

Conflicts of interest

The authors state that did not have conflict of
interests

References:

[1] Akyiliz G., Mentese E., Emirik M., Baltas N.,
Synthesis and molecular docking study of some
novel 2,3-disubstituted quinazolin-4(3H)-one
derivatives as potent inhibitors of urease,
Bioorganic Chemistry, 80 (2018) 121-128.

[2] Amtul A.Z., Rahman A., Siddiqui R.A.,
Choudhary M.I., Chemistry and mechanism of
urease inhibition, Curr. Med. Chem., 9 (2002)
1323-1348.

[3] Upadhyay L.S.B., Urease Inhibitors: A review,
Indian Journal of Biotechnology, 11 (2012) 381-
388.

[4] Mumtaz A., Arshad J., Saeed A., Nawaz M.,
Igbal J., Synthesis, characterization and urease
inhibition studies of transition metal complexes of

thioureas bearing ibuprofen moiety, J. Chil.
Chem. Soc., 63(2) (2018) 3934-3940.

[5] Akyiiz G., Mentese E., Emirik M, Baltag N.,
Synthesis and molecular docking study of some
novel 2,3-disubstituted quinazolin-4(3H)-one
derivatives as potent inhibitors of urease,
Bioorganic Chemistry, 80 (2018) 121-128.

[6] Mentese E., Akyliz G., Yilmaz F., Baltas N.,
Emirik M., Synthesis of some novel quinazolin-
4(3H)-one hybrid molecules as potent urease
inhibitors, Arch pharm., 351(12) (2018)180-182.

[7] Mentese E., Yilmaz F., Emirik M., Ulker S.,
Kahveci B. Synthesis, molecular docking and
biological evaluation of some benzimidazole

derivatives as potent pancreatic lipase inhibitors,
Bioorganic Chemistry, 76 (2018) 478-486.

[8] Usta A., Yilmaz F., Kapucu G., Baltag N.,
Mentese E., Synthesis of some new
benzimidazole derivatives with their antioxidant

activities, Letters in Organic Chemistry, 12 (4)
(2015) 227-232.

[9] Palit R., Kumar R., Saraswat N., Wal A.,
Upadhyaya K., Benzimidazole: an overview, Int.
J. Res. Ayurveda Pharm., 7(6) (2016) 68-73.

[10] Mentese E., Yilmaz F., Mutlu F., Kahveci B.,
Synthesis of new coumarin containing
benzimidazole derivatives, Journal of Chemical
Research, (39) (2015) 645-648.

[11] Mentese E., Yilmaz F., Emirik M., Ulker S.,
Kahveci B., Synthesis, molecular docking and
biological evaluation of some benzimidazole

derivatives as potent pancreatic lipase inhibitors,
Bioorganic Chemistry,76 (2018) 478-486.

654


https://avesis.erdogan.edu.tr/yayin/78d4ff64-a6c5-4359-99fe-aad7ba74d739/synthesis-molecular-docking-and-biological-evaluation-of-some-benzimidazole-derivatives-as-potent-pancreatic-lipase-inhibitors
https://avesis.erdogan.edu.tr/yayin/78d4ff64-a6c5-4359-99fe-aad7ba74d739/synthesis-molecular-docking-and-biological-evaluation-of-some-benzimidazole-derivatives-as-potent-pancreatic-lipase-inhibitors
https://avesis.erdogan.edu.tr/yayin/78d4ff64-a6c5-4359-99fe-aad7ba74d739/synthesis-molecular-docking-and-biological-evaluation-of-some-benzimidazole-derivatives-as-potent-pancreatic-lipase-inhibitors

Akyiiz / Cumhuriyet Sci. J., 42(3) (2021) 649-655

[12]Baltas N., Yilmaz F., Mentese E., Synthesis,
antioxidant, xanthine oxidase and urease
inhibitory activities of some chlorine containing
benzimidazoles, J. Biol. Chem., 44 (3) (2016)
293-305.

[13] Kajal A., Bala S., Kamboj S., Schif bases: a
versatile pharmacophore, J. Catal., (2013) 1-14.

[14] Fonkui T.Y., Ikhile M.I., Njobech P.B., Ndintech
D.T., Benzimidazole Schif base derivatives:
synthesis, characterization and antimicrobial
activity, BMC Chemistry, 13 (2019) 127.

[15] Mentese E., Yilmaz F., Baltas N., Bekircan O.,
Kahveci B., Synthesis and antioxidant activities of
some new triheterocyclic compounds containing
benzimidazole, thiophene, and 1,2,4-triazole
rings, J. Enzyme Inhib. Med. Chem., 30(3) (2015)
435-41.

[16] Pinner A., Die Imidoa“ther und ihre Derivate, 1
Auflage, Oppenheim: Berlin, (1892).

[17] M.W. Weatherburn. Phenol-hypochlorite reaction
for determination of ammonia, Anal. Chem., 39
(1967) 971- 974.

655


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

