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ABSTRACT

Benzimidazole derivatives (A, A,, A;) were synthesized through the reaction of compound 4-methylorthophenylenediamine
with both oxalic acid in the presence of ammonium chloride as a catalyst for the compound (A,)., as well as with (CS,) and
KOH for the compound (A,) as well as with chloroacetic acid in the presence of acetic anhydride to compound (A;). The
Manich bases of the compounds (A4, As, Ay, A;) were synthesized by mixing compounds (A, A,) with formaldehyde and primary
amines. While the Manich bases of (Ag, Ay) compounds were synthesized by mixing compound (A;) with formaldehyde and
primary amines. These reactions were carried out using the microwave irradiation method. The synthesized compounds were
identified using infrared (IR) and TLC confirmed proton nuclear magnetic resonance spectroscopy (‘H-NMR), completing the
reaction and purity of the compounds. Most of the tested compounds show significant anti-fungal and antibacterial activity.
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INTRODUCTION

Benzimidazole is a heterocyclic aromatic compound. Its
molecular formula is C;HgN,, molecular weight is 118.14 g/mol
and it is also known as: 1H-Benzimidazole, 1,3-benzodiazole,
o-benzimidazole, 3-azaindole and benzoglyoxaline. Benzimi-
dazoles have limited solubility in water; consequently, minor
differences in solubility tend to affect absorption significantly.
Benzimidazole’s production and use as a chemical intermedi-
ate in the production of agricultural fungicides may result in
its release to the environment through various waste streams.
It is important pharmacophores and a privileged structure
in medicinal chemistry. Benzimidazole is bicyclic, which
consists of the fusion of benzene and imidazole. Now a days
is a moiety of choice which possesses many pharmacological
properties.'* The most prominent benzimidazole compound
in nature N-ribosyldimethyl-benzimidazole, which serves as
an axial ligand for cobalt in vitamin BI12.

Benzimidazole derivatives play an important role in the
medical field with so many Pharmacological activities such
as analgesic, anti-inflammatory,® antibacterial,” anti-fungal,®
antiviral,” antihelmenthic,'® anticancer,'" antihypertensive,'?
anti-diabetes,! anti-fertility,! antioxidant,'® and treat ulcers,'*

treatment of malaria,” anti-HIV,'® effective against tubercu-
losis,"” an‘ti—allergic,18 an‘ti—psychiatric,19 anti-asthma,?® anti-
histamine.”! Manich reactions are the reaction of compounds
containing acid hydrogen as in (ketones, acetylenes, phenols,
and aliphatic nitro compounds) with formaldehyde and sec-
ondary (or primary) amines and sometimes ammonia by the
reaction of Manich, and the result is from the amino-methyl
derivatives called Manich bases.?>?

Experimental Materials and Physical Measurements

All the chemicals applied in our study are obtainable from
Fluka. In addition, Sigma Aldrich. Electro-thermal capillary
apparatus has specified the melting points. Com-pleating of
the reaction was monitored by thin-layer chromatography
(TLC) using Merck silica-coated plates and as mobile phase,
a mixture of hexane and ethyl acetate. Infrared spectra were
obtained using ATR technique Shimadzu 8400S, Fourier
Transforms Infrared spectroscopy SHIMADZU in the range
(400-4000) cm™. The 1H-NMR spectra were obtained on
a VARIAN model ultra-shield 400MHz in the Chemistry
Department, Faculty of Science, University of Jordan
laboratories. We used tetramethylsilane (TMS) as internal
reference and DMSO-d6 as solvent.

*Author for Correspondence: hatmmastrl(@gmail.com
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Synthesis of Benzimidazole Derivatives

1. Synthesis of compound (4,)

To a mixture of (0.004 mol) oxalic acid and (0.008mol)
4-methyl-o-phenylenediamine in (20mL) of ethanol, then
adding (NH,CI) (0.004 mol) to the reaction mixture. The
reaction mixture was refluxed in the microwave for 4—8 minutes
(400 watt). The completion of the reaction was confirmed by
TLC (ethyl acetate: hexane,1:2 v/v). After the reaction was
completed, the reaction was cooled to room temperature,
and then the sediment was filtered and collected, and it was
dried and purified by recrystallization from ethanol to give
the pure product. Color =white, M.P=286-287, Yield = 79 %,

Ry =0.22.
H
E . NN CH
HO & & OH 2mol/ 4-methyl-O-Phenylenediamine / 3
T NH,CI /

The equation for the synthesis of compound (A,)

2. Synthesis of compound (4,)

Dissolve (0.002 mol) KOH in methanol and after dissolving
4-methyl-o-phenylenediamine (0.002 mol) dry was added to
it and then (CS,) (0.12 mL) was added to the reaction mixture
with continuous stirring for 10 minutes. The reaction mixture
was refluxed in the microwave for 3—6 minutes (400watt).
The completion of the reaction was confirmed by TLC (ethyl
acetate: hexane,1:2 v/v). After the completion of the reaction,
the reaction mixture was cooled and poured into the ice-cold
water. The granular solid was obtained. It was crystallized from
the ethanol. Color =white, M.P=277-279, Yield =90 %, R ;=0.24.

HsC NH, HsC N
CS
. . >—SH
KOH
NH, H

The equation for the synthesis of compound (A,)

3. Synthesis of Compound (4;)

Mixture of 4-methyl-o-phenylendiamine (0.004 mol),
chloroacetic acid (0.004 mol) in (20 mL) of ethanol,after the
dissolution is completed, add (2 mL) from acetic anhydride.
The reaction mixture was stepped in the microwave for
5-10 minutes (400 watt). The completion of the reaction
was confirmed by TLC (ethyl acetate: hexane,1:2 v/v). The
reaction mixture was cooled at room temperature; crystals
were obtained, filtered, washed with cold water twice, dried,
and recrystallized using ethanol. Color = white, M.P = 210-213,
Yield =78 %, R ;= 0.25. Tables 1 and 2 shows physical properties.

H,C NH, o HyC N
H, Acetic anhydride
NH, N !

Synthesis of Mannich Bases Derivatives

1. Synthesis of Mannich Bases Compounds (4,.A)

The mixture of benzimidazole derivatives (A, A,) (0.4 g,
0.004 mol) and (5 mL, 0.008 mol) formaldehyde in (20 mL)
of ethanol with continuous stirring for one hour. and then add
a cold solution of primary amine (0.008 mol) and gradually
drops. The reaction mixture was stepped in the microwave for
(4—8) minutes (400 watt). After confirming the end of the TLC
reaction, the resulting mixture was left at room temperature
until the solvent evaporated from it; the sediment was filtered
and dried and recrystallized by absolute ethanol.

2. Synthesis of Mannich Bases compounds (Ag Ag)

Mixture of benzimidazole derivative (A5) (0.5 g, 0.004 mol)
and (5 mL, 0.004 mol) formaldehyde in (20 mL) of ethanol with
continuous stirring for one hour and then add a cold solution of
primary amine (0.004 mol) and gradually drops. The reaction
mixture was stepped in the microwave for (4—8) minutes
(400 watt). After confirming the end of the reaction using the
TLC, the resulting mixture stayed at room temperature until
the solvent evaporated from it; the sediment was filtered, dried,
and recrystallized by absolute ethanol.

HyC y HaC :Z
> CH,0 ?_\
\O:N/ | + Ar—NH, Imol \@ / Cl

r NO,
Ay Ay

Equation for the synthesis of Mannich bases compounds

(A, Ag)
HyC y
T
SN

+ A + A
2Ar—NH, ! 2 Ar——NH, :

{2 CH,0
Ar

r NO,

AsAs As,Ag

Equation for the synthesis of compound (A5)

Scheme 1: Synthesis of Mannich bases compounds (A,-A,)
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RESULTS AND DISCUSSION
The IR of compound 5,6’-dimethyl-1H, 1’H-2,2’-bibenzo[d]
imidazole (A,) was showed starching bands of N-H
benzimidazole at (3334). In addition, C-H aromatic at (3016),
aliphatic C-H (2977, 2906). And C=N (1635), C=C aromatic
(1585, 1510), and C-N(1299). The '"H-NMR of compound (A,)
(400MHz, DMSO- d6) was showed signals; 8:2.47ppm (3H,s,
CH,;) assign to the Protons group (CH;) of substituted to a
benzene ring. In addition, 32.51 assign to solvent (DMSO-d®),
63.38 assign to Protons (H,0), 86.80-7.91(6H,m, Ar-H) assign
to Protons of benzene rings,12.49 (1H, s, NH) benzimidazole.
The spectra are shown in Figure 1 for IR for compound
(A1)~24,25

The IR (KBr/cm™) of compound 5-methyl-1H-benzo[d]
imidazole-2-thiol (A,): N-H benzimidazole (3263), C-H
aromatic (3028), C-H aliphatic (2921, 2854), C=N (1654),
C=C aromatic (1519, 1546), C-N(1296), C-S(1369). 'H-NMR
(400MHz, DMSO-d®) §2.02 (3H,s,CHj;) assign to Protons
group(CHj;) connected to the benzene ring, 62.51 assign to
solvent (DMSO-d®), 33.38 assign to Protons (H,0), 66.85-8.38
(3H,m, Ar-H) assign to the Protons of the benzene ring, 12.02
(IH,s,SH), 812.62 (1H,s,NH) benzimidazole. The spectra are
shown in Figure 2 for IR of compound (A,).>*?

2-(chloromethyl)-5-methyl-1H-benzo[d]imidazole
compound (A;): IR vmax (KBr/cm-1): N-H benzimidazole
(3282), C-H aromatic (3047), C-H aliphatic (2968, 2867),

7.5
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Figure 1: FT-IR Spectrum for compound (A )

Table 1: Some physical properties of the synthesized compounds (A4-A,)

Comp. No.  Ar Color M.P. (°C) Yield (%) R,

A, Ph-Br Yellow  158-161 74 0.23
Ay Ph-NO, Yellow  171-173 77 0.41
A Ph-Br White 228-231 85 0.31
A, Ph-NO,  Yellow  182-185 81 0.51

Table 2: Some physical properties of the synthesized compounds (Ag, Ag)

Comp. No.  Ar Color M.P.(°C)  Yield (%) R,
Ay Ph-Br Yellow 125-128 74 0.32
Ay Ph-NO, Yellow 202-205 77 0.61

C=N (1666), C=C aromatic (1581, 1517), C-N(1242), C-CI(572).
'H-NMR(A,) (400MHz, DMSO-d®) 52.39 (3H,s,CH) assign to
Protons group(CH;) connected to the benzene ring,52.51 assign
to solvent (DMSO-d®), §3.30 assign to Protons (H,0), 84.67
(2H,s,CH,) assign to Protons group(CH,) connected to the
imidazole ring, 66.61-8.08 (3H,m,Ar-H) assign to the Protons
of the benzene ring, 6 12.71 (1H,s,NH) benzimidazole. The
spectra are shown in Figure 3 for IR of compound (A3).24’25

Synthesized Mannich Bases Derivatives for Compounds
(A-A7)

The IR spectrum of compounds (A,—A,) showed the absence
of a v(NH) for benzimidazole band and that presence of
a band at (3234-3369 cm’) assign to v(N-H) for amine
groups in the Mannich Bases., also showed band within
(1602-1645 cm™) assign to v(C=N), also showed bands within
(3047-3097 cm™) assign to v(C-H) aromatic, also showed
two bands (2921-2947 cm™) and (2846-2875cm™) assign to
v(C-H) aliphatic, also showed two bands (15291593 cm™) and
(1469-1540 cm™) assign to ¥(C=C) aromatic. also showed of
other bands within (1230-1331 cm™) assign to v(C-N), the rest
of the bands maintained their normal ranges, as shown in (Table
3), which shows the results of infrared absorption of synthesis

R B B oL o e A e E
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Figure 2: FT-IR Spectrum for compound (A,)
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Figure 3: FT-IR Spectrum for compound (A;)
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compounds (A4-A5). 'H-NMR (A,) (400MHz, DMSO0-d®) §2.51
assign to solvent (DMSO-d®), 82.84 (6H, s, CH,;) assign to
Protons two groups (CH;) related to benzene rings. In addition,
83.38 assign to Protons (H,0), 65.29 (4H,s,CH,) assign to
Protons group (CH,) connected to the groups (2NH), 56.61-8.58
(14H,m,Ar-H) assign to the Protons of benzene rings, §9.60
(1H,s,NH) assign to Protons two groups (NH) connected to
the benzene rings. The spectra are shown in Figure 4 for IR
of compound (A,).24%

Synthesized Mannich Bases Derivatives for Compounds
(Ags Ag)

The IR spectrum of compounds (Ag, Agy) showed the absence
of a v(NH) for benzimidazole band and that presence of
a band at (3345-3369 cm™) assign to v(N-H) for amine
groups in the Mannich Bases., also showed band within
(1602-1645 cm™) assign to v(C=N), also showed bands within
(3014-3097 cm™) assign to v(C-H) aromatic, also showed
two bands (2921-2939 cm™) and (2852-2856 cm™) assign to
v(C-H) aliphatic, also showed two bands (1520-1590 cm™) and
(1471-1502 cm™") assign to v(C=C) aromatic. It also showed
other bands within (1267-1323 ¢cm™) assign to v(C-N). The
rest of the bands maintained their normal ranges, as shown
in (Table 4), which shows the results of infrared absorption
of synthesis compounds (Ag, A,). "H-NMR (Ag) (400MHz,
DMSO-d®) §2.42 (3H,s,CH;) assign to the Protons group
(CH,;) related to the benzene ring. In addition, 62.51 assign to
solvent (DMSO-d®), §3.30 assign to Protons (H,0), and 54.67
(2H,s,CH,) assign to Protons group (CH,) associated with (Cl),

85.53 (2H,s,CH,) assign to Protons group (CH,) associated
with (NH), 66.61-8.04 (7H, m, Ar-H) assign to the Protons of
benzene rings, and 38.08 ('H, s, NH) assign to Protons group
(NH) related to the benzene ring. The spectra are shown in
Figure 5 for IR of compound (Ag).z“’25

Evaluation of the Biological Effectiveness of Some
Synthesis Compounds

The effect of the synthesis compounds was studied on the type
of fungus (Candida) and type of bacterial isolates of Bacillus
Puimilus. The fungus standard fungicide (Nystatin) was used,
and the standard antibiotic (Neomycin sulfate) of bacteria. The
results indicate that the synthesized compounds can inhibit
the fungus and bacteria used by using different concentrations
of the concentrated compounds (5 mg/mL), (7.5 mg/mL),
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Figure 4: FT-IR Spectrum for compound (A,)

Table 3: FT-IR spectral data for compounds (A4-A,)

IR (KBr) cm’!

v(C-H) v(C-H)
Comp No. v(N-H) Amine Arom. Aliph. v(C=N) v(C=C) Arom.  v(C-N) Others
2947 1529 v(C-Br)
A, 3367 3053 2846 1602 1469 1265 752
v (NO,).
Ay 3369 3097 2921 1645 1593 1323 asy.(1455)
2852 1502
sym.(1362)
2943 1565 v(C-Br)
Ag 3292 3047 2875 1635 1540 1331 682
v (NO,).
A, 3234 3068 2925 1627 1581 1230 asy.(1455)
2854 1512
sym.(1362)
Table 4: FT-IR spectral data for compounds (Ag,Ay)
IR (KBr) cm™
v(N-H) v(C-H) v(C-H)
Comp No. Amine Arom. Aliph. v(C=N) v(C=C) Arom.  v(C-N) Others
v(C-Br)
2939 1520 694
Ag 3369 3014 2856 1602 1471 1267 w(C-Cl)
754
v(C-Cl)
644
Ay 3345 3097 ;2932 1645 }ggg 1323 v (NO,).
asy.(1455)
sym.(1362)
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Table 5: Antifungal activity of synthesized compounds (A ,—A)

Table 6: Antibacterial activity of synthesized compounds (A —A)

Standard Standard 10
Comp. No. 10mg/mL  Smg/mL 7.5 mg/mL 10 mg/mL Comp. No.  mg/mL Smg/mL  7.5mg/mL 10 mg/mL
A 20.8 16.1 16.1 15.1 A 14.2 11.2 12.5 12.1
A, 20.8 15.3 17.5 15.7 A, 14.2 13.5 13.5 13.3
A, 20 13.7 13.2 14.8 A, 144 14.2 12.9 14.6
A, 20 17.1 13.6 15.1 A, 144 13.6 13.8 134
As 20.7 15.6 14.6 15.8 As 13.5 12.1 13.3 10.7
Ag 20.7 17.7 14.3 15.6 Ag 13.5 12.8 13.8 11.3
A, 20.3 17 13.3 15.5 A, 14.2 12.9 13.5 13.7
Agq 20.1 16.2 15.8 16.5 Agq 14.2 13.1 12.8 13
A, 20.4 14.5 14.9 15.2 A, 13.6 12.7 12.6 12.5
:fi* """""""""""""""""""""""""""""""""""" Biological Activity Of Bacillus puimilus
95 16
90 14 1
85 E 12 -
] £ 104
80— g
2 8 1
7T T T < | [aRIres 0 13 SR | SR c
i 2 6 |
70 :Z 4
] [
65 = 2
607; Comp. No.
55é W standard 10mg/ml| 142 142 144 144 135 135 142 142 136
: =5 mg/ml 112 135 142 13.6 121 128 129 131 127
504000 3650 7.5 mg/ml 125 135 129 13.8 13.3 138 13.5 128 126
- 10 mg/ml 121 13.3 14.6 13.4 10.7 11.3 13.7 13 125

Figure 5: FT-IR Spectrum for compound (Ag)

Biological Activity Of Candida
25
2988 3 8 & 3 =5 8
3
£ 15
o
c
2 10 H
c
[=]
=
3 51
=
£
]
Comp. No. Al A2 A3 Ad AS AB AT AB A9
Standard 10mg/ml| 20.8 | 20.8 20 20 207 | 207 | 203 | 201 204
5 mg/ml 16.1 153 137 171 156 | 17.7 17 16.2 145
W75 mg/ml 16.1 175 | 132 | 136 | 146 | 143 | 133 | 158 | 149
m 10 mg/ml 151 157 | 148 | 151 158 | 156 | 155 | 165 152

Scheme 2: Inhibitory activity of synthesized compounds
(A;—A,) anti-Candida fungus

(10 mg/mL) compared with the inhibition with the standard
antibodies with concentration (10 mg/mL), synthesized
compounds showed good inhibitory activity against bacteria
and weak to medium inhibitory activity against fungi.

Candida albicans Fungus

All synthesized compounds (A,—A,) showed weak to medium
activity at synthesized concentrations (5 mg/mL), (7.5 mg/mL),
(10 mg/mL) as in Table 5.

Scheme 3: Inhibitory activity of synthesized compounds (A;—A) anti
Bacillus Pumilus

Bacillus Puimilus

In these bacteria (Bacillus Puimilus), all compounds
synthesized (A;-Ay) showed good inhibitory activity at the
concentrations (5 mg/mL), (7.5 mg/mL), and (10 mg/mL) as
shown in Table 6.

CONCLUSION

In this research, new compounds containing benzimidazole
ring and Mannich bases were synthesized, characterized, and
study the biological activity of synthesized compounds, and
the following can be concluded:

A good product ratio of synthesized compounds (A—A,)
was obtained, and the products were obtained directly using
the microwave method and single-step, the tested compounds
(A—A,) showed good inhibitory activity anti-bacteria and
weak to medium inhibitory activity anti-fungus.
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