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Abstract:1-Aryl-2-mercapto-4-(phenyl/p-chlorophenyl)-imidazoles (la-1) were condensed with 2-
chloromethyl benzimidazole (1) in presence of sodium hydroxide in ethanol to get 1l-aryl-2-
thiomethylene benzimidazol-2-yl-4-(phenyl/p-chlorophenyl)-imidazoles (Illa-1). These compounds
(Il1a-1) were subsequently oxidised by hydrogen peroxide to get 1-aryl-2-sulphono-[benzimidazol-2-
yl]-methyl-4 and (phenyl/p-chlorophenyl)-imidazoles (lva-1). All the compounds (llla-1) and (Iva-1)
exhibited central nervous system depressant action on albino mice. All the compounds are non-toxic
and possess some sedative activity.
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1. Introduction

Hobrecker synthesized the first derivative of benzimidazole in 1872 [1]. Norman GB
and Karl Folker identified 5, 6-dimethyl benzimidazole as a breakdown product of Vitamin B-
12 acid hydrolysis in 1949 [2]. After extensive investigation, it was determined that the
benzimidazole heterocyclic system is essential because it has biological activity against various
pathogens and physical disorders [3]. Benzimidazole derivatives act as an important character
in healing agents like antiviral [4-20], anticancer [21-27], anti-inflammatory drugs,
antihelmintic, [28], antiparasitics, analgesics, anticonvulsants, antiulcer, antimicrobiall,
antihistaminic, antihypertensives, antifungals [29], antioxidants [30] proton pump inhibitors
and anticoagulants, etc. [31-34].

Many research groups, organizations, and pharmaceutical corporations have
concentrated their efforts on searching for molecules that could become viable medications
against Chagas disease in the absence of effective chemotherapy [35,36]. This reaction takes
place in the existence of NH4Cl. A commercial catalyst is ammonium chloride. Each
benzimidazole derivative yielded between 75 and 94% [37]. Benzimidazole derivatives have
recently been employed in the modification of polymers such as nanostructured
poly(benzimidazole) membranes [38], poly(imides), and poly(imides)/ionic liquid composites
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[39]. In addition, benzimidazoles were studied as topoisomerase inhibitors [40-44], alkylating
agents [45-48], antiangiogenic agents [49-53], and protein kinase inhibitors [54-59] to exert
their anticancer effect.

A number of benzimidazole-furanhybrids were developed and synthesized via synthetic
facial routes, and their cytotoxic efficacy against hepatocellular (HepG2) and breast (MCF-7)
carcinoma cell lines were assessed in vitro [60]. Baldisserotto et al. recently synthesized a total
of 39 arylbenzimidazole derivatives and demonstrated their impressive effectiveness against a
number of free radicals possessing antioxidant activity [61-64].

The derivatives of benzimidazole and imidazole have multifaceted physiological
properties. A literature survey has revealed that these compounds have a wide range of
biological properties. Benzimidazole and imidazole derivatives are well known to possess
central nervous system affecting activity. 1-Amino-1,3-dihydro-2H-benzimidazol-2-ones
exhibited anticonvulsant activity [65,66]. 2-[4-(3-Substituted amino)-2-
hydroxypropoxyphenyll1]-imidazole is reported as a selective adreno acceptor antagonist [66-
71].Keeping in view the above facts, it was proposed to synthesize the compounds having both
imidazole and benzimidazole moiety in the same molecular framework to get potent central
nervous system active compounds [72-75]. Prompted by these chemical leads, the current effort
was achieved to synthesize sulphones with imidazole and benzimidazole in the same molecular
framework and evaluate their effect on the central nervous system.

2. Materials and Methods

All chemicals used for the synthesis of 1-aryl-2-thiomethylene benzimidazol-2-yl-4-
(phenyl/p-chlorophenyl)-imidazoles, 1-aryl-2-sulphono-[benzimidazol-2-yl]-methyl-4 and
(phenyl/p-chlorophenyl)-imidazoles were of reagent grade.

2.1. Analytical methods and physical measurements.

Melting points were obtained in open capillaries in a sulphuric acid bath and are
uncorrected. TLC was done on silica gel, and the spots were detected by means of iodine
vapors. IR spectra have been taken on Perkin Elmer IR spectrophotometer (model 377). The
C, H, and N elemental analyses were carried out on Arthur H. Thomas manual CHN analyzer.

2.2. Synthesis of 1-aryl-2-mercapto-4-(phenyl/p-chloropbhenyl/1-napthyl)-imidazole (la-1).
These compounds were obtained by the known method of Norrish and McKee [76-78].
2.3. Synthesis of 2-chpoloromethyl benzimidazole(ll).

It was prepared by the known method of Bloom et al. [79].

2.4. Synthesis of 1-(m-hydroxyphenyl)-2-thiomethylene (benzimidazo-2-yl)-4-phenyl imidazole
(na).

1-(m-Hydroxyphenyl)-2-mercapto-4-phenyl imidazole (la) (0.01M) was heated with
sodium hydroxide (0.01M) in absolute ethanol for 30 min. To this was added 2-chloromethyl
benzimidazole(ll) (0.01M), and the contents were refluxed for 4 hours. Over ice, the reaction
mixture was poured. Filtered the precipitate and rinsed with cold water after that. It was
recrystallized with the help of ethanol.
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Physical and analytical data: Yield 58%, m.p. 177 °C, Anal. Calcd. For C23H1sN4OS:
C, 69.34; H, 4.52; N, 14.07%. Found: C, 69.30; H, 4.56; N, 14.10%.

IR (KBr) ymax: 3600(-OH), 2920(-CH,), 1615(C=N), 1450(-S-CH,), 960 cm™(m-
substitution).

Table 1. Analytical data of 1-aryl-2-thiomethyl-[benzimidazo-2-yl]-4-(phenyl/p-chlorophenyl)-imidazoles (l1la-

).
. %C % H % N

Compound m.p. Yield Mol. Mol.
No. R1/R2 ¢C) (%) formula W, Calcd Fodun Calcd Fodun Calcd Fodun
Il H/m-OH | 177(d) | 58 | CHiONaS | 398 | 69.34 | 69.30 | 452 | 4.56 | 14.07 | 14.10
1l H/0-OH 172 | 62 | CpHisONS | 398 | 63.36 | 63.36 | 452 | 452 | 14.07 | 14.07
1l H/p-CHs | 138 | 67 | CouHooNaS | 396 | 72.72 | 72.68 | 505 | 5.06 | 14.14 | 14.16
g H/ p-Cl 146 | 65 | CHuNesCl | “t" | 6627 | 6627 | 408 | 407 | 1344 | 1343
Il H/p-OCHs | 139 | 63 | CauH2ONsS | 412 | 69.90 | 69.20 | 4.85 | 4.79 | 1359 | 1357
1l H/H 102(d) | 72 | CoHiNsS | 382 | 72.29 | 72.30 | 4.63 | 473 | 14.65 | 14.64

H/ a-
llg nophtyl | 165@) | 68 | CoHaNiS | 423 | 7500 | 752 | 462 | 459 | 1296 | 1291
Iy p-Cl/ p-Cl 202 64 CBH“;N“SC' 4%2' 61.19 | 61.20 | 354 | 352 | 12.41 | 12.37
I, pCliooH | 235 | 62 | CHUONS 43016357 | 6341 | 302 | 301 | 1207 | 1201
I, p-Cl/ pCHs | 132 | 59 | CasHiNaSCI 430' 66.80 | 66.82 | 441 | 443 | 13.00 | 13.04
I “'”?p_rgry' Pl 115 | 54 | CoHiNiSC 90| 6045 | 6042 | 408 | 410 | 1200 | 1201
11 a-ns_@ﬁhsyl "1 162 | 58 | CuHzNeS | 446 | 7533 | 7534 | 493 | 494 | 1255 | 1252
Similarly,  other  l-aryl-2-thiomethylene  (benzimidazol-2-yl)  -4-(phenyl/

4’chlorophenyl)imidazole (Illa-1) were obtained; the physical characteristics of these
compounds are given in Table 1.

2.5. Synthesis of 1-(m-hydorxyphenyl)-2-sulphono[benzimidazo-2-yl]-methyl-4-phenyl
imidazole (IVa).

Hydrogen peroxide (30%, 5 mL) was added to 1-(m-Hydroxyphenyl )-2-thiomethylene
benzimidazo-2-yl-4-phenyl imidazole (111a-1) (0.004 M) diluted in glacial acetic acid (20 mL).
The reaction mixture was kept overnight. It was then placed on ice. The precipitate was filtered,
thoroughly washed with water, and recrystallized from aqueous ethanol.

Physical and analytical data: Yield 72%, m.p. 187 °C, Anal. Calcd. for C23H18N4O3S:
C,59.74; H, 3.89; N, 12.12%. Found: C, 59.32; H, 3.72; N, 12.23%.

IR (KBr) vmax: 3600 (-OH), 2920 (-CH2), 1610 (-C=N), 1320 (pentacyclic ring), 1170
(-SO2-), 960 cm™*(m- substitution).

Similarly, other 1-aryl-2- sulphono [benzimidazo-2-yl]- methyl-4-(phenyl/p-
chlorophenyl)- imidazoles (l1lb-1) were synthesised. The physical characteristics and the
analytical data of these sulphones are recorded in Table 2.

Table 2. Analytical data of 1-aryl-2-sulphono-[benzimidazo-2-yl]-methyl-4-(phenyl/p-chlorophenyl)-imidazoles

https://nanobioletters.com/

(IVa-1).
Compound m.p. | Yield Mole. % C % H % N
Ri/R2 o Mole. formula
No. (O (%) wt. Calcd. | Found | Calcd. | Found | Calcd. | Found
IVa HC;I—T 187 72 Ca3H1803N4S 462 59.74 59.68 3.89 3.80 12.12 12.08
Vb HO/I-(I)- 212 70 Ca3H1803N4S 462 59.74 59.70 3.89 3.75 12.12 11.45
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Compound Ri/Rs m.p. | Yield Mole. formula Mole. %C % H % N
No. (C (%) ' wt. Calcd. | Found | Calcd. | Found | Calcd. | Found
1V HC{-E- 168 68 C24H2002N4S 460 62.60 62.45 4.34 4.30 12.17 12.00
1V H/p-Cl 130 65 Ca3H1702N4SCI | 4815 | 57.32 57.38 3.53 3.50 11.63 11.63
Ve géf'; 152 70 C24H2003N4S 476 60.50 60.45 4.20 4.12 11.76 11.43
V¢ H/H 124 75 Ca23H1802N4S 446 61.88 61.80 4.03 3.90 12.55 12.45
H/ a-
Vg naphthyl 144(d) 62 C27H2002N4S 496 65.32 65.26 4.03 4.00 11.29 11.25
1V p[;-CCII/ 182 60 C23H1602N4SCl2 515 53.59 53.54 3.10 3.02 10.87 10.44
IV p-%ll-/l O | 208 | 68 | CasH17OsN.SCI | 4965 | 5558 | 5552 | 3.42 | 336 | 11.27 | 11.15
1Vj S-C(Z:Il-lls 120 76 C24H1902N4SCI | 4945 | 58.24 58.20 3.84 3.80 11.32 11.28
-
AV naphthyl 136 70 C27H1902N4SCI | 5305 | 61.07 61.00 3.53 3.49 10.55 10.50
/ p-Cl
-
1V, naphthyl 186 70 C28H2202N4S 510 65.88 65.78 431 4.23 10.98 10.96
/ p-CHs

The proposed structures of compounds I11 and IV are given in the following Scheme 1.

where,

o

NaOH / C,H,OH

T D=

N:—ks
“rg

\ H,0, / CH,COOH

v

Scheme 1. Synthesis of compounds Il and 1V.
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3. Biological Activities

All the compounds were investigated for their toxicity and gross effects on the central
nervous system at LDsg in albino mice of either sex. Synthesis of 1-aryl-2-
sulphono(benzimidazo-2-yl)-methyl-4-(phenyl/p-chlorophenyl)-imidazoles (IVVa-1) involved
the oxidation of 1l-aryl-2-thiomethylene-(benzimidazo-2-yl)-4-phenyl/p-chlorophenyl-
imidazoles by hydrogen peroxide in acetic acid.

3.1. Toxicity test.

The acute toxicity of the compounds was tested by determining their approximate lethal
dose in 50% of the tested animals (LDsp). Albino mice weighing between 20-25 g were grouped
into four, and the compounds whose LDsowas to was determined were administered a certain
dose to mice in one group. After 24 hours, mortality was noted. Similarly, other dosages were
also administered to other groups of mice, and once again, mortality after 24 hours was noted.
The dosage was well defined, i.e., 1000, 464, 215, 46.4, 21.5, 10.0 mg/kg weight of mice, and
out of these, only those dosages were chosen that were necessary after taking into account the
toxicity of the particular compound. The approximate lethal dose in 50% of animal-tested
(LDsg) was derived [80-81].

3.2. Gross effect of the test compound on the animals.

While determining the acute toxicity, gross effects of the test compounds on the animals
under test were observed. The gross effects were observed 3-4 times at one-hour intervals after
each test, after one hour of the drug administration, and the effects on the following activities
of mice were observed [82].

3.3. Spontaneous motor activity (SMA).

The effect on the normal movement of mice was observed. Generally, the CNS
stimulants increase SMA, whereas the CNS depressants decrease motor activity, and the
movement of animals was checked to a noticeable extent.

3.4. Respiration.

Some compounds affected the rate of breathing. It was noticed by the depression and
elevation of the belly. In some cases, respiration became irregular.

3.5. Writhing.
Some compounds induced twisting of the belly in the animals. This is called writing.
3.6. Posture and tone.

Abnormal behavior of limbs and body was observed in this test. It induced the ‘straub-
tail” phenomenon. If the tail was made erect by the animal after the administration of the test
compound, it was noted as a positive ‘straub tail’.

https://nanobioletters.com/ 5 of 13
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3.7. Inclined plane test.

The animals were placed on an inclined plane. If they fell down fast, the inclined plane
test was positive, whereas the animal's resistance to fall down was marked as negative. The
tests were usually positive with the compounds, which were CNS depressants.

3.8. Reactivity.
Reactivity of animals to sound and touch was observed.

3.9. Reflexes.

The effect of the compound on the natural reflex action, i.e., pineal, corneal, and writing
reflexes, was observed. If the animal did not respond to the sound by shaking the pinna and
cornea on clapping in a nearby location, it was inferred that pineal and corneal reflexes were
absent. Further, if the animals did not turn up to their normal position when laid on their back,

it amounted to a loss of writhing reflexes. Loss of reflexes shows depression in the central
nervous system.

4. Results and Discussions
4.1. Infrared spectra.

Synthesis of 1-substituted aryl-2-thiomethylene (benzimidazo-2-yl)-4-(phenyl/p-
chlorophenyl)-imidazoles (l11a-1) involved the condensation of 1-substituted-2-mercapto-4-
(phenyl/p-chlorophenyl)-imidazoles (la-1) and 2-chloromethyl benzimidazole(ll).
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Figure 1. IR Spectra of compound Iva.

The purities of the synthesized compounds were checked by TLC, and mixed melting
point and the structure were finally confirmed by elemental analysis and IR spectroscopy. The
IR spectrum of compounds (I11a-1) showed important absorption peaks at 2920 (-CH2), 1615
(C=N), 1450 (-S-CH,-), and 1320 cm™ (pentacyclic ring). The presence of an absorption peak
at 1450 cm™ (-S-CH.-) and the absence of a peak corresponding to -SH group confirmed the
formation of such compounds. The formation of sulphones was confirmed by mixed melting
points, TLC, elemental analysis, and IR spectroscopy. In IR spectroscopy, two sharp bands at
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1340 and 1170 cm™ due to vasym and vsym Of -SO2 respectively were observed. IR spectra of
compounds IVaand 1Vjare given in Figure 1 and Figure 2.

TRANSMITTANCE (%)

1800

1 S N R
1600 1400 1200
< WAVENUMBER (cm™)

3600
Figure 2. IR Spectra of compound 1V;.
4.2. Study of biological activities.

The activities obtained on the central nervous system and toxicity of albino mice are
recorded in Tables 3 and Table 4.

All the compounds (Il1a-1; 1VVa-1) were found to be non-toxic, CNS depressants and
mortality was found to be nil up to 1000 mg/kg i.p., i.e., the ALDs of all compounds was said
to be more than 1000 mg/kg i.p. Compounds Illa-1 and 1Va-1 decreased spontaneous motor
activity (SMA), produced sedation and writhing in albino mice. The reactivity of the albino
mice also decreased during the administration of compounds. The CNS activities of sulphones
(IVb, d, i) were almost similar to their parent compounds (I1lb, d, i). The rest of the sulphones
(IvVa, c, e, f, g, h, I) showed a slight difference in activities from their parent compound (lll, c,

e, f, g hl.

Table 3. ALDsp and CNS activities of the 1-aryl-2-thiomethylene-[benzimidazo-2-yl]-4-(phenyl/p-
chlorophenyl)-imidazoles (111x-1).

Compound
No.

ALDso (mg/kg,
i.p.)

CNS activities
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+
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+

Table 4. ALDsy and CNS activities of the 1-aryl-2-sulphono-thiomethylene-[benzimidazo-2-ylI]-4-(phenyl/p-
chlorophenyl)-imidazoles (1Va-l).

Compound ALDso (mg/kg, CNS activities
No. i.p.) SMA Reactivity Writhing Respiration Sedation
IVa 1000 d d ++ - +
1Vp 1000 d d + - +
Ve 1000 d d ++ d +
(\YF 1000 d d + - +
Ve 1000 vd d + +
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Compound ALDso (mg/kg, CNS activities
No. i.p.) SMA Reactivity Writhing Respiration Sedation
V¢ 1000 d d ++ - +
Vg 1000 d d ++ d +
IV 1000 vd d + +
Vi 1000 d d + +
1Vj 1000 d d + +
IVk 1000 d d + +
\ 1000 d d ++ - +

d = decreases; vd = very decreased; (+) = present; (++) = present with strong effect; (-) = no effect.
5. Conclusions

Most of the compounds synthesized here show central nervous system depressant
activity differently. Sulphones have shown a greater effect on the central nervous system. All
the compounds have a non-toxic effect.
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