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Synthesis, Antioxidant, Xanthine Oxidase and Urease
Inhibitory Activities of Some Chlorine Containing
Benzimidazoles

Bazi Klor iceren Benzimidazollerin Sentezi ve Antioksidan,
Ksantin Oksidaz ve Ureaz inhibitdr Aktivitelerinin incelenmesi
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ABSTRACT

series of tetra-substitued benzimidazole derivatives were synthesized and screened for their urease inhibi-

tion, anti-xanthine oxidase (XO) and antioxidant activities. Some of them were found to possess significant
antioxidant activity, especially, compounds 4, 5a, 5b, 5¢, 5d and 6b exhibited highly scavenging activity in
ABTS-+ radical cation decolorization assay (SC,,: 9.51-70.43 ug/mL) and cupric reducing antioxidant capacity
(CUPRAC) assay. Compound 6d exhibited the highest XO inhibition at 125 pg/mL. All compounds were evalua-
ted with regard to Jack Bean urease activity and the most active compound concerning urease enzyme inhibi-
tion was (5b), with an IC__ value of 7.41+£0.13 ng/mL.
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6ZET

Bir seri tetra-substitlie benzimidazol tirevi sentezlendi ve lreaz inhibisyon, anti-ksantin oksidaz (XO) ve
antioksidan aktiviteleri incelendi. Bazi bilesiklerin 6nemli derecede antioksidan aktivite gosterdigi tespit
edildi. Ozellikle, bilesik 4, 5a, 5b, 5¢, 5d ve 6b ABTS++ radikal katyon temizleme (SC,,: 9.51-70.43 pg/mL) ve
bakirindirgeyici antioksidan kapasite (CUPRAC) tayininde ylksek derecede aktivite gésterdigi belirlendi. Bilesik
6d ise, 125 pg/mL derisimde en ylksek anti-ksantin oksidaz (XO) aktivitesi gosterdi. Butlin bilesikler Jack Bean
Ureaz aktivite tayin yontemine gére incelendi ve en aktif tireaz inhibisyonuna sahip bilesigin 7.41+0.13 pg/mL
IC,, degeriyle (5b) oldugu tespit edildi.
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INTRODUCTION
U rease (EC 3.5.1.5) is a nickel containing
enzyme that catalyzes the hydrolysis of urea
to the formation of ammonia and carbon dioxide,
which is the final step of nitrogen metabolism in
living organisms [1,2]. Ureases producing excess
ammonium are also involved in the development
of urolithiasis, pyelonephritis, hepatic
encephalopathy, hepatic coma urolithiasis, and
urinary catheter encrustation in humans and
animals [3,4]. The urease activity of Helicobacter
pylori plays an important role in the pathogenesis
of gastric and peptic ulcer [3]. The requirement
to treat such infections has stimulated intensive
studies on various groups of urease inhibitors.
Hydroxamic  acids, phosphoramidates [5],
hydroxamic acid derivatives [6], polyphenols
[71, 1,2,4-triazoles [8], 1,4-Disubstituted
Thiosemicarbazides [9], 7-aminocephalosporanic
acid derivatives [10], 1,3,4-oxadiazoles and
1,3,4-thiadiazoles [5], hydroxyurea [,
phosphorodiamidates [12], imidazoles such as
rabeprazole [13], lansoprazole [14], omeprazole
[15], quinines [16], thiol-compounds [17], and
plaunotol and its thiourea derivatives have
been reported as the compounds possessing
antiurease activity. So, urease inhibitors have the
potential to be used as anti-ulcer drugs.

Xanthine oxidase (XO) is a key enzyme
catalysing the oxidation of oxypurines
(hypoxanthine and xanthine) to wuric acid in
the purine metabolic pathway [18]. Elevated
concentrations of uric acid in the blood
stream of human body leads to formation of
gout, characterized by hyperuricemia and
recurrentattacks of arthritis [19]. Allopurinol
is the only clinically used XO inhibitor (XOI),
approved by the Food and Drug Administration in
1966, which also suffers from many side effects
such as, hypersensitivity syndrome, liver function
abnormalities [20], Stevens-Johnson syndrome,
a fatal complication known as "allopurinol
hypersensitivity syndrome” [21,22], renal toxicity
due to impairment of pyrimidine metabolism.
On the other hand, allopurinol generates
superoxide23 and some people develop rash
as they are allergic to allopurinol [21,24]. XO
also serves as an important biological source
of oxygen derived free radicals that contribute

to oxidative damage to living tissues involved in
many pathological processe such as inflammation,
atherosclerosis, cancer and aging [25].

Reactive oxygen species (ROS) in the form
of superoxide anion (-0,), hydroxyl radical (HO*)
and hydrogen peroxide (H,0,) attack various
biological macromolecules (proteins, enzymes,
DNA, etc.) under ‘oxidative stress' conditions,
give rise to a number of inflammatory, metabolic
disorders, cellular aging, reperfusion damage
and cancer [26]. Antioxidant compounds delay
or prevent the oxidation of cellular oxidizable
substrates by direct radical scavenging action or
indirect antioxidant action, such as the inhibition
of ROS-producing enzymes (XO, lipoxygenase,
etc.) [27]. Hence, agents with the ability to
protect against these reactive species may be
therapeutically useful.

The five-membered nitrogen containing
heterocyclic compounds continue to play an
important role in medicinal chemistry [28].
Each year, a large number of drug candidates
which contain heterocyclic ring are synthesized
by researchers [29]. Among these types of
compounds benzimidazole derivatives which
are present in a wide variety of medicine such
as albendazole, thiabendazole, omeprazole,
carbendazim, mebendazole, timoprazole, and
found naturally in the structure of vitamin
B12 [30,31]. Different heterocyclic rings (like
1,2,4-triazole, 1,3,4-thiadiazole and oxadiazole)
linked to benzimidazoles have been designated
as an important pharmacophores and are well
known for their diverse biological activities
such as antibacterial, antiinflammatory, anti-
ulcer, antioxidant, antitumor, lipase inhibition,
glutaminyl cyclase inhibition, anti-enterovirus
and anticancer activities [32-37]. Literature
survey reveals that benzimidazole derivatives
indicated appreciable antimycobacterial activity
[38-41]. Besides, benzimidazoles bearing
thiosemicarbazide and triazole ring demonstrated
appreciable antioxidant activity [42,43]. Also, it
has been found that insertion of chlorine, in the
structures of heterocyclic compounds leads to an
increase of biological activity [44].



Studies on enzyme inhibition remain an important
area of pharmaceutical research since these
studies have led to the discoveries of useful drugs
in a variety of physiological conditions. In the
current paper, we present the synthesis of clorine
containing benzimidazole derivatives containing
1,2,4-triazole and 1,3,4-thiadiazole ring with their
evaluation antioxidant properties, inhibitory
activity against Jack bean urease and bovine
milk xanthine oxidase. In vitro bioassays are used
to investigate test material for XO inhibition, as
inhibitors of XO may be potentially beneficial
for the treatment of gout or other XO caused
diseases.

EXPERIMENTAL

Chemistry

All the chemicals were supplied by Merck
(Darmstadt, Germany), Aldrich and Fluka (Buchs
SG, Switzerland). Melting points were determined
on capillary tubes on a Bichi oil-heated melting
point apparatus (Essen, Germany) and are
uncorrected. 'H-NMR and *C-NMR spectra were
performed on the Varian-Mercury 400 MHz
spectrometer (Varian, Darmstadt, Germany)
in DMSO-d, using TMS as internal standard.
Elemental analyses were performed on a Carla
Erba 1106 CHN analyser (Heraeus, Hanau,
Germany). All reactions were monitored by TLC
using precoated aluminum sheets (silica gel 60 F
2.54 0.2 mm thickness).

Synthesis of Methyl [5, 6-dichloro-2-(3,4-
dichlorobenzyl)-'H-benzimidazol-1-yl]acetate
3)

Compound 2 (0.01 mol) and dry K,CO, (0.025

mol) in acetone (30 mL) were taken in a round-

bottomed flask and the mixture was stirred for 10
min. Then, methyl bromoacetate (0.011 mol) was
added to the mixture and the mixture was stirred
for 10 hours. After the reaction was completed
(controlled by TLC, ethyl acetate/hexane, 3/1),
water was added to the mixture to precipitate
the product. Then, it was filtrated off, dried and
recrystallized from ethanol.

Yield: 3.80 g (91%); Mp: 147-148°C; H-NMR
(400 MHz, DMSO-d,) & (ppm): 3.56 (s, 3H,0CH,),
4.29 (s, 2H, CH), 5.28 (s,2H, NCH,), 7.26 (dd,
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J=8.0,J=2.0,'H, Ar-H), 7.55 (m, 2H, Ar-H), 7.88
(s, H, Ar-H), 7.95 (s, 'H, Ar-H); BC-NMR (100 MHz,
DMSO-d)): 6 32.06 (CH,), 4512 (NCH,)), 52.78
(OCH,), M2.73, 120.37, 124.91, 125.29, 129.93,
130.04, 130.99, 132.33, 131.52, 135.72, 137.49,
142.00 (Ar-C), 156.30 (C=N), 168.43 (C=0). Anal.
Calcd. for C_H _CI,N,O,: C, 48.84; H, 2.89; N,

17 1274 272

6.70%. Found: C, 48.80; H, 2.86; N, 6.67%.

Synthesis of 2-[5, 6-dichloro-2-(3,4-
dichlorobenzyl)-'H-benzimidazol-1-yl]
acetohydrazide (4)

A mixture of compound 3 (0.01 mol) in ethanol (25
mL) was taken in a round-bottomed flasked and
hydrazine monohydrate (0.025 mol) was added.
Then, the mixture was refluxed for 6 hours. After
the reaction was completed (controlled by TLC,
ethyl acetate/hexane, 3/1), the mixture was left to
cool to room temperature. Then, a white solid was
appeared. This crude product was filtrated off,
dried and recrystallized from ethanol.

Yield: 3.05 g (73%); Mp: 227-228°C; '"H-NMR
(400 MHz, DMSO-d,) & (ppm): 4.19 (s, 2H, CH,),
4.57 (s, 2H, NH)), 5.27 (s, 2H, NCH,), 7.30 (d,
J=8.0, H, Ar-H), 7.60 (m, 2H, Ar-H), 7.79 (s, 'H,
Ar-H), 7.84 (s, 'H, Ar-H), 9.52 (s, 'H, NH); ®C-NMR
(100 MHz, DMSO-d,): 6 32.18 (CH,), 45.24 (NCH,),
12.47, 120.15, 124.40, 124.78, 129.87, 130.14,
130.92, 131.46, 135.66, 136.08, 138.01, 142.11 (Ar-
C), 156.90 (C=N), 165.95 (C=0). Anal. Calcd. for
C,H,CI,N,0:C, 45.96; H, 2.89; N, 13.40%. Found:

16" 12

C,45.93; H, 2.85; N, 13.35%.

Synthesis of Compound 5a-d

A mixture of compound 4 (0.01 mol) and
corresponding isothiocyanate derivative (0.01
mol) in ethanol (25 mL) was refluxed for 2 min.
After the reaction was completed (controlled by
TLC, ethyl acetate/hexane, 4/1), the mixture was
left to cool to room temperature and the crude
product was observed by addition of water. It was
filtrated off and recrystallized from ethyl acetate
to afford the desired product.

2-{[5,6-Dichloro-2-(3,4-dichlorobenzyl)-
'H-benzimidazol-1-yllJacetyl}-N-
methylhydrazinecarbothioamide  (5a). Yield:
3.78 g (77%); Mp: 235-236°C; '"H-NMR (400 MHz,
DMSO0-d,) & (ppm): 2.91 (s, 3H, CH)), 4.27 (s, 2H,
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CH,), 5.02 (s, 2H, CH,), 7.30 (m, 'H, Ar-H), 7.58
(m, 2H, Ar-H), 7.87 (m, 2H, Ar-H), 8. 62 (s,'H, NH),
9.43 (s, H, NH), 10.25 (s, 'H, NH); BC-NMR (100
MHz, DMSO-d,): 6 31.39 (CH,), 32.02 (CH,), 45.23
(NCH,), 112.65, 120.35, 124.72, 125.01, 129.90,
130.15, 131.35, 131.54, 131.67, 135.82, 137.92, 142.18
(Ar-C), 156.87 (C=N), 166.59 (C=0), 170.40 (C=S).
Anal. Calcd. for C,;H.CI,N,0S: C, 44.01; H, 3.08; N,

18" '15

14.26%. Found: C, 43.94; H, 3.03; N, 14.21%.

2-{[5,6-Dichloro-2-(3,4-dichlorobenzyl)-
'H-benzimidazol-1-yllacetyl}-N-
ethylhydrazinecarbothioamide (5b). Yield:3.74
g (74%); Mp: 215-216°C; 'H-NMR (400 MHz,
DMSO-d,) 8 (ppm): 1.08 (t, J=6.8, 3H, CH,), 3.48
(g, J=6.8, 2H, CH,), 4.27 (s, 2H, CH,), 5.37 (s, 2H,
NCH,), 7.29 (m, 'H, Ar-H), 7.53 (s, 2H, Ar-H), 7.86
(s, 2H, Ar-H), 8.12 (s, 'H, NH), 9.27 (s, 'H, NH), 10.27
(s, 'H, NH); *C-NMR (100 MHz, DMSO-d,): 5 14.80
(CH)), 32.02 (CH,), 37.78 (CH,), 45.23 (NCH),
12.68, 120.29, 124.72, 125.11, 130.03, 130.91,
131.35, 131.66, 135.80, 137.93, 142.18 (Ar-C), 156.72
(C=N), 166.48 (C=0), 170.39 (C=S). Anal. Calcd. for
C,H,CI,N,0S: C, 45.17; H, 3.39; N, 14.86%. Found:

19° 17

C,45.12; H, 3.31; N, 14.82%.

2-{[5,6-Dichloro-2-(3,4-dichlorobenzyl)-
'H-benzimidazol-1-yllacetyl}-N-
phenylhydrazinecarbothioamide (5c¢). Yield:3.76
g (0.68%); Mp: 214-215°C; 'H-NMR (400 MHz,
DMSO0-d,) & (ppm): 4.31 (s, 2H, CH,), 5.12 (s, 2H,
NCH,), 7.19-7.61 (m, 10H, Ar-H), 7.87 (s, 'H, NH),
9.93 (s, 'H, NH), 10.42 (s, 'H, NH); BC-NMR (100
MHz, DMSO-d,): & 32.11 (CH,), 45.31 (NCH,), 112.72,
17.49, 120.59, 125.15, 125.92, 129.44, 129.95,
130.07,130.15,130.97,131.49,131.57,135.70, 137.95,
139.37, 142.16 (Ar-C), 156.75 (C=N), 160.64 (C=0),
166.64 (C=S). Anal. Calcd. for C,H, CI,N,OS:
C, 49.93; H, 3.10; N, 12.66%. Found: C, 49.86; H,
3.05; N, 12.62%.

2-{[5,6-Dichloro-2-(3,4-dichlorobenzyl)-'H-
benzimidazol-1-yllacetyl}-N-(4-bromophenyl)
hydrazinecarbothioamide (5d). VYield:4.04 g
(64%); Mp: 204-205°C; 'H-NMR (400 MHgz,
DMSO0-d,) & (ppm): 4.30 (s, 2H, CH,), 5.08 (s, 2H,
NCH)), 7.22-7.58 (m, 9H, Ar-H), 7.92 (s, 'H, NH),
9.80 (s, 'H, NH), 10.51 (s, H, NH); BC-NMR (100
MHz, DMSO-d,): 6 32.12 (CH,), 45.29 (NCH,), 112.73,

113.87,119.47,120.57,124.79,125.10,129.88,130.04,
130.98, 131.37, 132.19, 135.40, 135.65, 137.25,
138.81, 142.11 (Ar-C), 156.88 (C=N), 160.31 (C=0),
166.60 (C=S). Anal. Calcd. for C,,H, BrCI,N,0S: C,

43.70; H, 2.55; N, 11.08%. Found: C, 43.64; H, 2.57;
N, 11.02%.

Synthesis of Compound 6a-d

A solution of corresponding carbothioamide
5a-d (0.01 mol) in ethanol/water (1:1) 30 mL was
refluxed for 5 hours in the presence of 2N NaOH.
Then, the resulting solution was cooled to room
temperature and acidified to pH 3-4 with 2N
HCI. The crude product was precipitated. It was
filtrated off, washed with water and recrystallized
from ethanol/water (1:1) to afford compound 6a-d.

5-{[5,6-Dichloro-2-(3,4-dichlorobenzyl)-'H-
benzimidazol-1-yllmethyl}-4-methyl-4H-1,2,4-
triazole-3-thiol (6a). Yield:3.45 g (73%); Mp: 231-
233°C;'H-NMR (400 MHz, DMSO0-d,) & (ppm): 3.41
(s, 3H, CH,), 4.30 (s, 2H, CH,), 5.63 (s, 2H, NCH)),
7.23 (d, J=7.6, 'H, Ar-H), 7.48-7.65 (m, 2H, Ar-H),
7.89 (s, 'H, Ar-H), 8.01 (s, 'H, Ar-H); *C-NMR (100
MHz, DMS0-d,): 6 30.21 (CH,), 32.06 (CH,), 40.35
(NCH,), 112.86, 120.32, 124.81, 125.13, 129.88,
130.05, 130.85, 131.30, 131.59, 135.54, 137.82,
142.16 (Ar-C), 147.44 (C=N), 156.59 (C=N), 168.32
(C=S). Anal. Calcd. for CH,CI,N,S: C, 45.69;
H, 2.77; N, 14.80%. Found: C, 45.61; H, 2.72; N,
14.73%.

5-{[5,6-Dichloro-2-(3,4-dichlorobenzyl)-
'H-benzimidazol-1-yllmethyl}-4-ethyl-4H-1,2,4-
triazole-3-thiol (6b). Yield: 3.21 g (66%); Mp: 253-
254°C; 'H-NMR (400 MHz, DMSO-d,) & (ppm): 1.23
(t, J=6.4,3H, CH)), 4.03 (g, J=6.4,2H, CH,), 5.09
(s, 2H, CH)), 5.75 (s, 2H, NCH)), 7.22 (d, J=T.6,
H, Ar-H), 7.48-7.55 (m, 2H, Ar-H), 7.89 (s, H, Ar-
H), 8.01 (s, H, Ar-H), 13.51 (s, 'H, SH); ®C-NMR
(100 MHz, DMSO-d,): 6 13.52 (CH,), 32.07 (CH,),
39.03 (CH,), 39.34 (NCH,), 112.66, 120.40, 124.63,
125.37, 129.89, 130.05, 130.91, 131.30, 131.40,
135.65, 137.41,142.07 (Ar-C), 147.73 (C=N), 156.38
(C=N), 167.57 (C=S). Anal. Calcd. for C H CI,N.S:
C, 46.84; H, 3.10; N, 14.37%. Found: C, 46.80; H,
3.06; N, 14.32%.



5-{[5, 6-Dichloro-2-(3,4-dichlorobenzyl)-
'H-benzimidazol-1-yllmethyl}-4-phenyl-4H-1,2,4-
triazole-3-thiol (6¢). Yield:3.26 g (61%); Mp: 165-
166°C; 'H-NMR (400 MHz, DMSO-d,) & (ppm): 4.15
(s, 2H, CH,), 5.38 (s, 2H, NCH,), 7.14-7.58 (m, 8H,
Ar-H), 7.72 (s, 'H, Ar-H), 7.92 (s, 'H, Ar-H); *C-NMR
(100 MHz, DMSO0-d,): 8 32.01 (CH,), 40.58 (NCH),
12.75, 117.50, 120.57, 124.81, 125.51, 128.57,
129.88, 130.15, 130.82, 130.88, 131.44, 131.66 (20),
135.38 (20C), 135.44, 137.37, 141.81 (Ar-C), 147.54
(C=N), 156.20 (C=N), 169.20 (C=S). Anal. Calcd. for
C,,H,CI,NS: C, 51.61; H, 2.82; N, 13.08%. Found:

2315

C, 51.56; H, 2.77; N, 13.03%.

4-(4-Bromophenyl)-5-{[5, 6-dichloro-2-(3,4-
dichlorobenzyl)-'H-benzimidazol-1-ylImethyl}-4H-
1,2,4-triazole-3-thiol (6d). Yield: 3.93 g (64%); Mp:
172-173°C; 'H-NMR (400 MHz, DMSO-d,) & (ppm):
4.25 (s, 2H, CH)), 5.43 (s, 2H, NCH,), 7.17-7.91 (m,
9H, Ar-H), 13.92 (s, 'H, SH); ®C-NMR (100 MHz,
DMSO-d)): & 32.05 (CH,), 45.53 (NCH,), 112.67,
119.47,123.69, 124.90, 125.23, 129.97, 130.02 (20),
130.97, 130.72, 131.33, 131.50, 131.76, 132.52 (20),
135.86, 137.30, 141.69 (Ar-C), 147.49 (C=N), 156.03
(C=N),169.13 (C=S). Anal. Calcd. for C_,H ,BrCI,N.S:
C, 44.98; H, 2.30; N, 11.40%. Found: C, 44.92; H,
2.23; N, 11.33%.

Synthesis of Compound 7a-d

A mixture of corresponding thiosemicarbazides
(0.01 mol) (6a-d) in cold concentrated sulfuric
acid (10 mL) was stirred for 10 min. and then left
for another 30 min. at room temperature. The
resulting solution was poured slowly into ice-cold
water, neutralized to pH 8 with ammonia and the
precipitated product was filtered, washed with
water and recrystallized from ethanol.

5-{[5,6-Dichloro-2-(3,4-dichlorobenzyl)-
'H-benzimidazol-1-yllmethyl}-N-methyl-1,3,4-
thiadiazol-2-amine (7a). Yield:3.12 g (66%);
Mp: 240-241°C; 'H-NMR (400 MHz, DMSO-d,) 3§
(ppm): 2.50 (s, *H, CH,), 4.37 (s, ?H, CH,), 5.78
(s, °H, NCH,), 7.26-7.88 (m, °H, Ar-H), 7.99 (s, 'H,
NH); ®C-NMR (100 MHz, DMSO-d,): 8 31.71 (CH,),
32.18 (CH,), 42.47 (NCH,), 112.69, 120.57, 125.08,
125.31, 129.94, 130.00, 131.39, 131.58, 131.68,
135.01, 137.59, 142.21 (Ar-C), 152.32 (C=N), 156.72
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(C=N), 170.81 (C-S). Anal. Calcd. for C4H,.CI,N.S:

C, 45.69; H, 2.77; N, 14.80%. Found: C, 45.62; H,
2.72; N, 14.75%.

5-{[5,6-Dichloro-2-(3,4-dichlorobenzyl)-
'H-benzimidazol-1-ylImethyl}-N-ethyl-1,3,4-
thiadiazol-2-amine (7b). Yield: 3.16 g (65%);
Mp: 192-193°C; 'H-NMR (400 MHz, DMSO-d,) &
(ppm): 110 (t, J=6.8,3H, CH,), 3.18 (g, J=6.8,2H,
CH2), 4.37 (s, 2H, CH,), 5.77 (s, 2H, NCH,), 7.26 (d,
J=8.0,'H, Ar-H), 7.49-7.54 (m, 2H, Ar-H), 7.73-7.83
(m, 2H, Ar-H), 7.99 (s, 'H, NH); C-NMR (100 MHz,
DMSO-d,): 5 14.79 (CH,), 32.18 (CH,), 40.57 (CH,),
42.45 (NCH,), 112.69,120.54,125.11,125.35,129.95,
130.13,130.93, 131.40, 131.65,135.02,137.54,142.18
(Ar-C), 152.13 (C=N), 155.97 (C=N), 169.88 (C-S).
Anal. Calcd. for C H,CI,N.S: C, 46.84; H, 3.10; N,

19" '15

14.37%. Found: C, 46.79; H, 3.04; N, 14.31%.

5-{[5,6-Dichloro-2-(3,4-dichlorobenzyl)-
'H-benzimidazol-1-yllmethyl}-N-phenyl-1,3,4-
thiadiazol-2-amine (7¢). Yield: 3.32g (62%); Mp:
223-224°C; 'H-NMR (400 MHz, DMSO-d,) & (ppm):
4.39 (s, °H, CH,), 5.84 (s, 2H, NCH,), 6.98 (t, J=7.6,
'H, Ar-H), 7.25-7.33 (m, 3H, Ar-H), 7.46-7.53 (m, “H,
Ar-H), 791 (s, H, Ar-H), 8.05 (s, 'H, Ar-H), 10.34
(br, 'H, NH); ®*C-NMR (100 MHz, DMSO-d)): 8 32.12
(CH,), 42.31 (NCH,), 112.73, 116.78, 117.97 (20),
120.59, 122.56, 125.14, 129.51, 129.99 (2C), 130.93,
131.38, 135.11, 137.34, 140.81, 142.21 (Ar-C), 154.30
(C=N), 156.17 (C=N), 165.18 (C-S). Anal. Calcd. for
C,,H.CI,N.S: C, 51.61; H, 2.82; N, 13.08%. Found:

2315

C, 51.55; H, 2.75; N, 13.03%.

N-(4-Bromophenyl)-5-{[5,6-dichloro-2-(3,4-
dichlorobenzyl)-'"H-benzimidazol-1-ylImethyl}-
1,3,4-thiadiazol-2-amine (7d). Yield:3.86 g (63%);
Mp: 256-257°C; 'H-NMR (400 MHz, DMSO-d,) &
(ppm): 4.38 (s, °H, CH,), 5.89 (s, *H, NCH,), 7.25-
8.03 (m, "H, Ar-H), 10.21 (br, 'H, NH); *C-NMR
(100 MHz, DMSO-d,): 6 32.12 (CH,), 42.30 (NCH,),
12.72,113.82,119.47,119.88, 120.57, 125.16, 125.43,
129.87,130.91, 131.47,132.19, 135.11, 135.39, 137.25,
137.45, 138.30, 140.07, 14217 (Ar-C), 154.87
(C=N), 156.06 (C=N), 165.24 (C-S). Anal. Calcd.
for C,,H,,BrCI,N,S: C, 44.98; H, 2.30; N, 11.40%.

23 14

Found: C, 44.93; H, 2.23; N, 11.35%.
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Biological Method

Antioxidant Activity

In this study, the antioxidant activities of the
synthesized compounds were determined
using Cupric reducing antioxidant capacity
assay, radical scavenging activities of the
synthesized compounds ABTS (2,2-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid) and DPPH
(1,1- diphenyl-2-picrylhydrazyl) systems. Catechin,
BHT (butylated hydroxytoluene) and Trolox
(Sigma Chemical Co, USA) were used as reference
antioxidants.

Cupric Reducing Antioxidant Capacity
(CUPRAC) assay
The cupric reducing antioxidant capacity of

the synthesized compounds was determined
according to the method of Apak et al. [45]. To a
test tube1mL each of 10 mM Cu(ll) chloride (Sigma
Chemical Co, USA), 7.5 mM neocuprine (Sigma
Chemical Co, USA), and NH,Ac (Fluka Chemical
Co., Switzerland buffer (1 M, pH 7.0) solutions
were added. About 20 uL of compound solution
in DMSO and 1.080 mL of water were added to the
initial mixture so as to make the final volume 4.1
mL. The tubes were stoppered, and after 30 min,
the absorbance at 450 nm was recorded against
a reagent blank containing no compound. Trolox®
(Sigma Chemical Co, USA) was also tested under
the same conditions as a standard antioxidant
compound. The standard curve was linear
between 4 mg/mL and 0.0156 mg/mL trolox
(r’=0.999). CUPRAC values were expressed as mg
Trolox equivalent of 1 mg synthesized compound.

DPPH-Free Radical Scavenging Assay

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
has been used widely in the model system to
investigate the scavenging activities of several
synthesized and natural compounds [46].
The DPPH radical scavenging activity of the
synthesized compounds was measured using the
method of Brand-Williams [47]. Briefly, 0.1 mM
DPPH  (2,2-diphenyl-1-picrylhydrazyl,  Aldrich-
Germany) was prepared in methanol. One milliliter
of this solution was added 0.5 mL of the sythesized
compound solution in DMSO. After, in the dark for
50 min incubation period at room temperature,
the decrease in absorbance at 517 nm was

measured, using a UV-Visible spectrophorometer
(1601UV-Shimadzu, Australia). All determinations
were carried out three times. Radical scavenging
activity was measured by using trolox, BHT and
catechin (Sigma Chemical Co, USA) as standards
and all values are expressed as SC,, (g compound
per mL), the concentration of the samples that
causes 50% scavenging of DPPH radical. The
DPPH radical stock solution was prepared fresh
daily.

ABTSe+ Radical Cation Decolorization Assay
The ability of the synthesized compound to
scavenge ABTS++ radical was determined
according to the literature [48]. ABTS [2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid)]
was dissolved in water to a 7 mM concentration.
ABTS (Sigma Chemical Co, USA) radical cation
(ABTS<+)was produced by reacting ABTS stock
solution with 2.45 mM potassium persulfate
(Sigma Chemical Co, USA), (final concentration)
and allowing the mixture to stand in the dark for
16-18 h at room temperature. Before usage, the
ABTS solution was diluted to get an absorbance
of 0.700 £ 0.020 at 734 nm with PBS at pH 7.4.
The compound solution of 200 puL was added to
1.8 mL of the resulting blue-green ABTS radical
solution. After, incubation 5 min in the dark at
room temperature , the decrease of absorbance
at 734 nm was measured by using a UV-Visible
spectrophorometer (1601UV-Shimadzu, Australia).
All determinations were carried out three times.
ABTS radical scavenging activity was measured
by using trolox and catechin (Sigma Chemical Co,
USA) as standards and the percentage scavenging
was calculated from the formula

-0D, ,)/(0OD

test

% Scavenging = (OD )x100

control control

In Vitro Anti-xanthine Oxidase Assay

The inhibition of xanthine oxidase was measured
by UV spectroscopy technique at 295 nm which
attributes to released uric acid from xanthine.
The inhibitory activity of each compound was
determined using a slight modification of the
reference methods [49]. Briefly, the reaction
mixture consisted of 0.5 mL of the test compound,
0.77 mL of phosphate buffer (pH 7.8) and 0.07 mL
of bovine milk xanthine oxidase (Sigma-Aldrich,
St. Louis, USA),which was prepared immediately



before use. After preincubation at 25°C for 15
minutes the reaction was initiated by the addition
0.66 mL of substrate solution into the mixture.
The assay mixture was incubated at 25°C for 15
min. The reaction was stopped by adding 0.2 mL
of 0.5 N HCI and the absorbance was measured
at 295 nm using UV/vis spectrophotometer
(1601UV-Shimadzu, Australia). A well known XO
inhibitor (XOl), allopurinol (Sigma-Aldrich, St.
Louis, USA) was used as a positive control for the
inhibition test. Residual activities werecalculated
by comparing to control without inhibitor. The
assay was done in triplicate. The IC_, value was
determined as the concentration of compound
that give 50% inhibition of maximal activity.

Urease Inhibition Assay

Urease is an enzyme that catalyzes the hydrolysis
of urea into carbon dioxide and ammonia. The
production of ammonia was measured by
indophenol method and used to determine
the urease inhibitory activity [50]. Reaction
mixtures including 200 pL of Jack Bean Urease,
500 pL of buffer (100 mM urea, 0.01 M K,HPO,,
1 mM EDTA and 0.01 M LiCl, pH 8.2) and 100 uL
of the test compounds were incubated with
at room temperature for 20 min. The phenol
reagent (550 pL, 1% w/v phenol and 0.005% w/v
sodium nitroprusside) and alkali reagent (650 puL,
0.5% w/v sodium hydroxide and 0.1% v/v NaOCl)
were added to each tube and the increasing
absorbance at 625 nm was measured after 50
min, using a UV/vis spectrophotometer (1601UV-
Shimadzu, Australia). The percentage inhibition
was calculated from the formula % Inhibition =
(0D, ., 0D, .)/(OD_ . )x100 Thiourea was used
as the standard inhibitor. In order to calculate IC,
values, different concentrations of synthesized
compounds and standard were assayed at the
same reaction conditions.

RESULT AND DISCUSSION

Chemistry

5,6-Dichloro-2-(3,4-dichlorobenzyl)-"H-
benzimidazole (2) was prepared according
to our previously reported procedure [51].
This compound was treated with methyl
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bromoacetate in the presence of dry potassium
carbonate to prepare methyl [5, 6-dichloro-
2-(3,4-dichlorobenzyl)-"H-benzimidazol-1-yl]
acetate (3).The compound 3 was refluxed with
hydrazine monohydrate in ethanol to synthesize
2-[5, 6-dichloro-2-(3, 4-dichlorobenzyl)-'H-
benzimidazol-1-yllacetohydrazide (4). Then, the
compound 4 was treated with corresponding
isothiocyanate  derivatives to  synthesize
corresponding carbothioamide derivatives (5a-
d). The compounds 5a-d are well-known for
cyclization reaction [42,51-53] Treatment of
compounds 5a-d with aquous NaOH resulted
in the cyclization leading to the formation
1,2,4-triazole-3-thiol derivatives (6a-d). The acidic
treatment of compound 5a-d in cold conditions
and then at room temperature resulted in the
formation of 1,3,4-thiadiazol-2-amine derivatives
7a-d (Scheme 1).

Spectral investigation of newly synthesized
compounds is accordance with proposed
structures. NCH, and OCH, signals in 'H-NMR
and BC-NMR spectra of compound 3 showed the
alkylation reaction. The leaving of OCH, signal
and the formation of new NH and NH, in 'H-NMR
spectra of compound 4 proved the hydrazide
formation. In 'H-NMR spectra of compounds
5a-d, leaving of NH, signal and formation of
two new NH signals and new alkyl or aryl group
coming from isothiocyanate derivatives showed
carbothioamide derivatives. Also, C=S signals
were shown at 166.60-170.40 ppm in BC-NMR
spectra of compounds 5a-d. In 'TH-NMR spectra
of compounds 6a-d, SH signal was presented at
about 13 ppm. This signal was not shown in some
of the compounds because of exchanging with
deuterium of NMR solvent. In *C-NMR spectra of
these compounds, C=S signal was shown between
167.57-169.20 ppm. In these spectra, C=N signal
coming from triazole ring was shown at about
147 ppm. In '"H-NMR spectra of compounds 7a-
d, NH signal was shown between 7.99-10.21 ppm
and in ®C-NMR spectra, C-S signal was shown
between 165.18-170.81 ppm. Also, all compounds
showed suitable molecular ion peaks and correct
elemental analysis results.
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NH.HCI
cl NH,

j@( +  HsCy0
cl NH,

Cl

R=a: CH,, b:C,Hg, c:CiHy, d:CsH4Br(p) o

Scheme 1. Synthetic route for target compounds.

Biological Activity

CUPRAC Antioxidant Activity Assay

The CUPRAC method of antioxidant capacity
measurement, introduced by the analytical
chemistry laboratory of Istanbul University to
world literature [45], is based on the absorbance
measurement of the CUPRAC chromophore,
Cu(l)-neocuproine (Nc) chelate, formed as a
result of the redox reaction of antioxidants with
the CUPRAC reagent, bis(neocuproine)copper(ll)
cation [Cu(ll)-Nc], where absorbance is recorded
at the maximal light absorption wavelength of
450 nm. The orange-yellow colour is due to the
Cu(l)-Nc charge-transfer complex formed [49].
The antioxidant effects were classified by two
groups; compound 4, the most effective, was the
first. The others, evaluated by the range of highly
to moderately, were the second (Table 1).

DPPH Scavenging Assay

The DPPH method is based on the fact that the
free radical is purple in color, and that the purple
color of DPPH decays in the presence of an
antioxidant. The color changed from purple to
yellow after reduction, which can be quantified
by its decrease of absorbance at wavelength 517

Cl

KLO/CHS cl N
v A\
z .
cl N
cl
cl °
Hac”
3 o <]
3

NH,NH, H,0
EtOH

A cl N
N R-NCS AN
-
Cl cl N
Ke )
NH
o Cl HZN/
o Cl
4

nm. The results were expressed as SC,, (ug/mL),
which was calculated from the curves by plotting
absorbance values, the SC_, values representing
the concentration of the compound (ug/mL)
required to inhibit 50% of the radicals. Because
of having the lowest SC_, value, compound 4
was the best compared to the other synthesized
compounds. Also, compound 6b, 5a, 5b, 5c,
and 5d showed good DPPH radical scavenging
activity. Besides these efficient results, some of
them, which were compounds 6d, 7b, 7c, and 7d,
showed weakly activity (Table 1).

ABTS Scavenging Assay

The pre-formed radical monocation of
2,2 -azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS<+) is generated by oxidation of ABTS
with potassium persulfate and is reduced in the
presence of such hydrogen-donating antioxidants.
The influences of both the concentration of
antioxidant and duration of reaction on the
inhibition of the radical cation absorption
are taken into account when determining the
antioxidant activity [47]. Compound 4 showed
more scavenging activity than bht standart
(Table 1, Figure 1). According to the having
effective activity by decreasing degree, it could
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Table 1. Antioxidant activity values to CUPRAC method, SC50 values to DPPH and ABTS method of synthesized compounds.

CUPRAC method ABTS method DPPH method
Compound no.
(mg TEAC/mg compound) SC,, (ug/mL) sc,, (ug/mb)
2 0.233+0.009 44.61+0.07 106.5440.16
3 0.326+0.018 42.34+0.22 100.87+0.43
4 1.716+0.021 9.51+0.08 25.5540.29
5a 1.115+0.015 17.12+0.06 38.80+0.22
5b 0.785+0.003 17.46£0.11 36.80+0.09
5c 1.040+0.019 17.39+0.24 37.49+0.11
5d 0.946+0.007 17.79+0.17 39.48+0.23
6a 0.801+0.009 25.10+0.18 82.97+0.19
6b 1.306+0.016 13.62+0.19 27.06+0.21
6c¢c 0.441+0.011 69.94+0.41 98.32+0.59
6d 0.502+0.006 35.19+0.29 82.99+0.25
7a 0.306+0.007 70.43£0.19 121.5441.10
7b 0.180+0.006 94.24+0.46 224.85+0.98
Tc 0.26340.019 89.12+0.98 168.45+0.72
7d 0.179+0.008 112.48+0.57 174.28+0.68
BHT - 12.83+0.06 13.9740.13
Trolox® - 6.11£0.04 6.7310.05
Catechin - 4.19+0.04 4.7940.03
T T T T T T T T T T T T
100 - .
80 -
Z _
g 0. —=— BHT |
T —e— Catechin
Eﬂ 1 Er— -
g 40+ —*—6b -
g —4—5a |
ES
204 E
0 T T T T T T T T T T T T
0 2 4 B 8 10 12

Concentration in (pg/mL)

Figure 1. Evaluation radical scavenging properties of some compounds and standards by ABTS++ method. Scavenging
activities of compounds are expressed as the mean+SD in triplicate.
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Table 2. Results of % residual XO activity and IC, values of the synthesized chemical compounds.

Residual X0 activity (%)

Compound (125 pg/mL) IC,, (uM)
Control 100.00
4 9.81+0.41 61.03+0.38
Sa 10.56+0.52 61.34+0.63
5b 10.31£0.24 63.58+0.31
Sc 2.56+0.17 47.90+0.25
5d 0.56+0.22 40.3440.33
6a 23.194£0.72 99.36+0.97
6b 9.06+0.06 53.38+£0.09
6¢c 6.81+£0.09 41.30+0.11
6d 0.44+0.35 33.871+0.46
Allopurinol (7.81 ug/mL) 1.09 +0.19 4.09+0.17

be numbered as compounds 5a, 5b, 5¢, 5d, 6b, 6d,
2 and 3, respectively (Table 1).

Anti-xanthine Oxidase Activity

All the synthesized compounds were evaluated
with regard for bovine milk xanthine oxidase
activity. The results had shown that a compound
6d had promising activity to inhibit XO up to
99.56% at concentration of 125 mg/mL (Table 2).
Among the synthesized compounds, 6d displayed
the best inhibitory effect against XO with an
IC,, value of 33.87+£0.46 uM. Compounds 5c, 5d
and 6c¢ showed moderate XO enzyme inhibition
activity.

IC,, values of Allopurinol and compound 6d
were calculated as 33.87+0.46 mM and 4.09+0.17
mM, respectively. The synthesized compound
6d can be evaluated as a good and 5c, 5d and
6¢ moderate. According to results, especially
these compounds could be seen an alternative to
Allopurinol.

Anti-urease Activity

The synthesized compounds were assayed for
their in vitro inhibitory activity against Jack Bean
urease. IC,, value of thiourea with 11.91+0.33
uM was used as standard inhibitor. Initially, all
synthesized compounds were screened 50 ug/mL
at final concentration. Among the synthesized

compounds, 5b exhibited the best inhibitory
effect against urease. The compound 5b inhibited
urease activity by 66.44%, 78.67% and 87.33%
at concentrations of 12.5, 25 and 50 pg/mL,
respectively. IC,, values of Thiourea, compounds
5band 5cwere determined as11.91+0.33,7.41+0.13
and 10.48+0.15 ug/mL, respectively.

Until now, only one compound,
acetohydroxamic acid, has been clinically used
for the treatment of urinary tract infections
by urease inhibition. Unfortunately, it exhibits
severe side effects. Thus, it seems that the full
potential of urease inhibition has not yet been
fully explored.

Compounds 5a and 5b, are more effective
inhibitor than thiourea, can be considered as
potential antibiotics to treat infections. The other
compounds have moderate or little inhibitory
activity (Table 3). Dose-dependent inhibitory
effect of compounds 5a-c and 6b were pictured
in Figure 2.

CONCLUSION

In conclusion, we have synthesized some chlorine
containing benzimidazoles and investigated
their antioxidant, xanthine oxidase and urease
inhibitory activities. Due to risk of clinically
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Table 3. Inhibitory activities and IC, values of the synthesized compounds against Jack Bean urease.

% Inhibition
Compound No (50 ug/mL) IC,, (ng/mL)
Sa 78.89% 18.51+0.39
5b 87.33% 7.41+0.13
Sc 86.33% 10.48+0.15
6a 52.56% 46.79+0.28
6b 82.67% 14.37+0.07
6¢c 53.22% 45.31+0.47
Thiourea 85.67% 11.91+0.33
100 T T T T T T T T T T
90 —a— 53 -
g0 —®—5b 1
4 —ik— 5 4
704 —¥—6b T

]
[
]

Residual Activity (%)
iy |
—
|

—&#— Thiourea i

T
0 20 40

T
60 80 100

Concentration (pg/mL)

Figure 2. Dose-dependent inhibitory effect of some compounds and thiourea. Thiourea was used as standard inhibitor.
Inhibitory effect of compounds and Thiourea were measured at the range of 100 to 6.25 ug/mL concentrations. Residual
activities of compounds are expressed as the mean+SD in triplicate.

adverse effects encountered with the use of
urease and xanthine oxidase inhibitor drugs,
there is a need to investigate the new inhibitors
with good bioavailability and low toxicity. The

results of this study revealed that chlorine
containing benzimidazole derivatives can be used
inspiration for further investigation of as anti-XO,
anti-urease and antioxidant molecules.
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