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ABSTRACT

Three new Schiff bases bearing benzimidazole and p-toluen sulfonamide moiety were synthesized. Their structures were characterized by elemental analysis, FTIR,
NMR and LCMS methods. The antimicrobial properties of the compounds were also evaluated. All compounds exhibit higher antimicrobial activity against all
bacteria, Schiff bases (4a-4c) shows more activity than the parent aldehyde (3). 4c displays higher antibacterial activity against P. aeruginosa compare to reference
drug Sulfioxazole. The compounds were found more potent against Gram-negative than Gram positive bacteria. One more free phenyl group increase the activity in
4c, but one more phenyl ring in 4b does not.In vitro antifungal activity of the compounds was also tested on fungi C. albicans C. tropicalis and C. krusei. However,

our compounds exhibit no antifungal activity against three fungi.
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INTRODUCTION

Benzimidazoles are widely used group in the pharmaceutical industry because
5,6-dimethylbenzimidazole is a component of vitamin Bi,. Benzimidazole
derivatives exhibits a wide range of biological properties including antimicrobial,
antibacterial, antitumor, anticancer, anti-inflammatory and analgesic activities
[1-14].

Sulfonamides interfere with the use of p-aminobenzoic acid (PABA) in the
biosynthesis of tetrahydrofolic acid, which is an essential growth factor to the
bacteria’s metabolism [15]. Sulfonamides as artificial antifolic agents have been
extensively used as antibiotic (Sulfa drugs). They are also have various
pharmacological activities such as antifungal [16], antiviral [17], antitumor [18],
anti-inflammatory [19]. Because of drug resistance, sulfonamides mainly used
for the treatment of the urinary tract and methicillin resistant bacteria infections
[20].

New antibiotics is a major global challenge in human-patogenic bacteria
because of growing antibiotic resistance. In this context, some new sulfonamides
having benzimidazole ring have been reported with their potential bactericidal
and fungicidal agents against various bacterial and fungal resistant species [21-
23].

In order to give more benzimidazole-incorporated sulfonamide analogues, we
synthesized new 2-methox-1- (4-methylbenzene-sulfonyl) benzimidazole (3)
and its three Schiff base (4a-4c) derivatives, which is not reported in literature.
Their antimicrobial and antifungal activities were also tested against three Gram-
negative, three Gram-positive bacteria strains and three fungi.

EXPERIMENTAL

Melting points were measured by electrothermal 1A9100 melting point
apparatus in capillary tubes. The starting temperature of the approximate melting
range was input via the keyboard and the melting point range was spotted
visually. Elemental analyses for C, H and N were carried out with an LECO
CHNS-932 auto elemental analyzer. FT-IR spectra were recorded on a Perkin-
Elmer spectrum and KBr pellets were used for solid samples. *H NMR and **C
NMR spectra were determined on Bruker AV-400 using TMS (0.00 ppm) as
internal standard and DMSO-d6 as solvent.

Synthesis of the Compounds
Chloromethyl-1H-benzoimidazole (1)

1,2-Phenylenediamine (0.5 g, 4.63 mmol) was dissolved in 5 M HCI solution,
then chloroacetic acid (0.51 g, 4.63 mmol) was added. The resulting mixture was
refluxed for 15 hours at room temperature. pH of the solution was adjusted to
7.10 by adding concentrated ammonia, then yellow product was precipitated.
Solid product was filtered, washed three times with distilled water, dried and
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crystallized in a mixture of ethyl alcohol and water. yield 80%, e.n. 146-147 °C,
[24].

2-chloromethyl-1-(4-methylbenzene-sulfonyl) benzimidazole (2)

2-Chloromethyl-1H-benzoimidazole (1 g, 5.98 mmol) was dissolved in
acetonitrile and triethylamine (0.97 g, 9.54 mmol) was added. The resulting
mixture was poured into a salt-ice bath, than p-toluenesulfonyl chloride (1.57 g,
8.27 mmol) was added portion wise over 3 hours to the reaction medium. The
mixture was stirred in a salt-ice bath for 4 hours. At the end of the reaction, the
mixture was filtered and evaporated. The obtained solid was dissolved in ethyl
alcohol and column chromatography was carried out in a 1: 5 ethylacetate-
petroleum ether medium to obtain a substance with 80% yield; m.p 144-145 °C
[25].

2-methox-1-(4-methylbenzene-sulfonyl) benzimidazole (3)

2-chloromethyl-1- (4-methylbenzene-sulfonyl) benzimidazole (0.5 g, 1.56
mmol) and 2-hydroxy benzaldehyde compound (0.19 g, 1.56 mmol) dissolved in
acetonitrile were added K,COs (2.15 g, 15.55 mmol) and K1 (0.65 g, 3.92 mmol)
were added. The resulting reaction mixture was stirred at room temperature for
5 days, then poured into saturated NaHCOj; solution and extracted 3 times with
chloroform. The resulting organic phase was Na,SO, then filtered and
evaporated. The yellow 2-methox-1-(4-methylbenzene-sulfonyl) benzimidazole
compound was obtained. Yield 80%; m.p 141-142 °C; LC-MS (m/z): 407.04
[M+ H] (calc. 406.46); Anal. calcd. for C»,HisN,O,S: C, 65.01; H, 4.46; N, 6.89;
Found: C, 65.89; H, 4.28; N, 6.26; FT-IR data (neat, v/icm™*): 1694.09 (C=0),
1598.71 (Ring C-C), 1479.42 (Ring C-C), 1452.34 (Ring C=N), 1191.08 (S=0);
H-NMR (DMSO-ds) § (ppm): 2.4 (3H), 3.3 (2H), 7.21 — 8.13 (M, 9Ha,), 9.95 (s,
1H); ®C NMR (DMSO-dg) & (ppm): 21.78, 77.04, 113.05, 113.71, 120.99,
122.93,123.76, 125.11, 126.90, 127.54, 128.51, 128.65, 129.29, 130.14, 130.26,
135.32, 136.07, 146.33, 187.34.

2-((2-((1-tosyl-1-H-benzo[d]imidazol-2-yl)methoxy)benzylidene)amino)
phenol (4a)

2-methox-1-(4-methylbenzene-sulfonyl) benzimidazole compound was
dissolved in ethyl alcohol (0.25 g, 0.61 mmol) and 2-amino-phenol (0.067 g, 0.61
mmol) was added. The reaction mixture was boiled under reflux for 24 hours
then evaporated to give yellow 1H-benzimidazole, 1-[(4-methylphenyl)
sulfonyl]-2-(phenoxy) methyl. Yield 55%; m.p. 116-118 °C; LC-MS (m/z):
497.99 [M+ H] (calc. 497.57); Anal. calcd. for CsHp3N30,4S: C, 67.59; H, 4.66;
N, 8.45; Found: C, 67.08; H, 4.57; N, 8.29; FT-IR data (neat, v/cm™): 3057.27
(O-H), 2974.95 (C-H), 1597.70 (C=N), 1488.67 (Ring C-C), 1452.82 (Ring
C=N), 1161.06 (S=0); 'NMR (DMSO-de) & (ppm): 2.35 (3H), 3.40 (2H), 7.28 -
7.59 (M, 17H,), 10.02 (1H); *C NMR (DMSO0-dg) § (ppm): 21.80, 77.07, 118.29,
120.03,122.91, 123.16, 123.84, 124.29, 126.98, 127.24, 127.93, 128.45, 128.51,
129.13,129.82, 130.05, 131.92, 132.53, 132.87, 135.32, 142.45, 144.75, 145.10,
146.09, 149.57, 155.36, 187.38.
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2-((2-((1-tosyl-1-H-benzo[d]imidazol-2-yl)methoxy)napthylidene)amino)
phenol (4b)

The compound was dissolved 2-methox-1-(4-methylbenzene-sulfonyl)
benzimidazole (0.25 g, 0.61 mmol) in ethyl alcohol and 3-amino-2-naphthol
(0.096 g, 0.61 mmol) was added to the solution. The reaction mixture was boiled
under reflux for 24 hours then evaporated to give compound. Yield, 68%; m.p.
118-120 °C; LC-MS (m/z): 548.02 [M+ H] (calc. 547.63). Anal. calcd. for
CsH2sN30,S: C, 70.18; H, 4.60; N, 7.67; Found: C, 71.04; H, 4.17; N, 7.46; FT-
IR data (neat, v/cm™): 3053.82 (O-H), 2973.67 (C-H), 1625.87 (C=N), 1486.40
(Ring C-C), 1451.98 (Ring C=N), 1158.46 (S=0); *H-NMR (DMSO-ds) 3 (ppm):
2.28 (3H), 3.50 (2H), 7.17—8.48 (M, 19H,,), 9.43 (1H); **C NMR (DMSO-ds) &
(ppm): 21.77, 77.1, 119.93, 122.39, 123.25, 123.78, 125.45, 126.64, 127.53,
128.51, 128.58, 129.17, 128.66, 129.58, 129.77, 129.99, 130.16, 130.43, 131.19,
131.44,132.63, 132.99, 133.13, 135.35, 137.33, 145.48, 146.42, 147.43, 152.92,
187.38.

1,2-diphenyl-2-((2-((1-tosyl-1-H-benzo[d]imidazol-2-yl)methoxy)
napthylidene)amino)phenol (4c)

2-methox-1-(4-methylbenzene-sulfonyl) ~ benzimidazole compound was
dissolved in ethyl alcohol (0.25 g, 0.61 mmol) and 2-Amino-1,2-diphenylethanol
(0.13 g, 0.61 mmol) was added. The reaction mixture was boiled under reflux for
24 hours then evaporated to give yellow compound. Yield, 75, m.p. 148-150 °C;
LC-MS (m/z): 602.10 [M+ H] (calc. 601.72); Anal. calcd. for CssH3:N3O4S: C,
71.86; H, 5.19; N, 6.98; Found: C, 71.94; H, 5.47; N, 6.73; FT-IR data (neat,
viem®): 3057.24 (O-H), 1599.06 (C=N), 1490.14 (Ring C-C), 1454.96 (Ring
C=N), 1159.37 (S=0); 'NMR (DMSO-ds) 5 (ppm): 2.28 (3H), 3.30 (2H), 4.86
(1H), 5.38 (2H), 6.86 — 7.99 (m, 22H), 8.46 (1 H); 3C NMR (DMSO-de) & (ppm):
21.30, 63.13, 76.68, 78.48, 116.94, 117.08, 117.12, 118.70, 118.88, 127.03,
127.22,127.40, 127.66, 127.79, 127.87, 128.06, 128.10, 128.17, 128.41, 128.54,
128.72,128.78, 129.03, 129.59, 129.80, 131.46, 131.70, 131.84, 132.45, 132.57,
132.78, 139.21, 139.49, 140.17, 160.92, 165.95.

Antimicrobial activity Assay

The antibacterial activity of the compounds was performed against American
Type Culture Collection (ATCC) reference bacterial strain Salmonella
typhimurium ATCC 14028, Staphylococcus aureus ATCC 25923 Enterococcus
faecalis ATCC 29212, Escherichia coli ATCC 25922, Klebsiella pneumonia
ATCC 27853, Pseudomonas aeruginosa ATCC 27853 cultures.

The compounds were dissolved in dimethylsulfoxide (10%DMSO) to a final
concentration of 8.0 mg mL™ and sterilized by filtration with 0.45 mm millipore
filters.

The minimum inhibitory concentration (MIC) values of the compounds were
determined using modification of the micro well dilution assay method. 100 mL
of the test compounds, initially prepared at 4000 mg/mL concentration, were
added into the first wells. Then, 100 mL of the serial dilutions was transferred
into nine consecutive wells. The contents of the wells were mixed and the micro
plates were incubated at 37° C for 24 h.

The compounds were tested against each microorganism twice. The values
obtained are average of the two results. The MIC values were determined from
visual examinations as the lowest concentration of the extracts in the wells with
no bacterial growth. Sulfisoxazole were used as positive control.

Antimicrobial tests were also carried out by the disc diffusion method using
100 mL of suspension containing 108 CFUmML™ bacteria which was spread on
nutrient agar (NA) medium. The discs (6mm in diameter) impregnated with 30
mL of each compound (240 mg/disc) at the concentration of 8.0 mg/mL and
placed on the inoculated agar. DMSO impregnated discs were used as negative
control.

Sulfisoxazole (300 mg/disc) were used as positive control to determine the
sensitivity of one strain/isolate in each microbial species tested.

The inoculated plates were incubated at 37 °C for 24 h for bacterial strains
isolates. Antimicrobial activity in the disc diffusion assay was evaluated by
measuring the zone of inhibition against the test organisms. Each assay in this
experiment was repeated twice. Percentage of inhibition was calculated by
comparing the distance of the sample to the distance of Sulfisoxazole as standard.
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Table 1. Antimicrobial activity results of the compounds.

Bacteria MIC (ug/mL)

3 | 4 | 4 | 4 | sp
Gram-positive
S. aureus
ATCC 25923 250 62.5 62.5 31.25 234
E. faecalis
ATCC 29212 250 62.5 62.5 31.25 93.75
S. typhimurium
ATCC 14028 250 125 125 31.25 375
Gram-negative
E. coli
ATCC 25922 125 31.25 31.25 31.25 234
K. pneumonia
ATCC 27853 125 31.25 31.25 31.25 234
P. aeruginosa
ATCC 27853 125 62.5 62.5 15.125 375

SD: Sulfioxazole.
RESULT AND DISCUSSION
Chemistry

The new benzimidazole-incorporated sulfonamide derivatives were prepared
from comercial 1,2-phenylenediamine and chloroacetic acid. Their synthetic
routes were outlined in Scheme 1.

NHz
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\SN
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Scheme 1. Synthesis of benzimidazole-sulfonamide derivatives (3, 4a-4c).

Reagents and conditions: (i) chloroacetic acid, 25 °C, pH 7.1 (ii) p-
toluenesulfonyl chloride, triethylamine, acetonitrile, 0 °C, (iii) and 2-hydroxy
benzaldehyde, K,CO; KIl, acetonitrile, (iv) 2-amino-phenol, ethanol, (v) 3-
amino-2-naphthol, ethanol, (vi) 2-Amino-1,2-diphenylethanol, ethanol.

Evaluation of antimicrobial activity

In vitro antibacterial activity of the compounds was screened on bacterial
strains, Gram-positive S aureus, E. faecalis, S. typhyimurium and Gram-negative
E.coli, K. pneumonia,P.aeruginosa with microdilution method Antibacterial
activity data (MIC) were given in Table 1 and 2. The order of antimicrobial
activity is 3 < 4a = 4b < 4c. All compounds exhibit higher bacteriostatic activity
against all bacteria, Schiff bases (4a-4c) shows more antimicrobial activity
against all bacterial strains than the parent aldehyde (3). 4c displays higher
antibacterial activity against P. aeruginosa compare to reference drug
Sulfioxazole. The compounds were found more potent against Gram-negative
than Gram positive bacteria. One more free phenyl group increase the activity in
4c, but one more phenyl ring in 4b does not.

In vitro antifungal activity of the compounds was also tested on fungi C.
albicans C. tropicalis and C. krusei. However, our compounds exhibit no
antifungal activity against three fungi.



Table 2. Disc diffusion antimicrobial activity results of the compounds.

Bacteria Zone diameter (mm 240 pg/disc)
3 4a | 4 [ 4 | sD
Gram-positive
S. aureus
ATCC 25923 6 o o 12 24
E. faecalis
ATCC 29212 6 o ° 12 17
S. typhimurium
ATCC 14028 6 10 10 12 10
Gram-negative
E. coli
ATCC 25922 ! 14 12 12 20
K. pneumonia
ATCC 27853 ! 14 12 12 27
P. aeruginosa
ATCC 27853 ! o o 16 8
SD: Sulfioxazole.
CONCLUSION

In this study new four benzimidazole derivatives compounds were synthesis.
The characterization of synthesis compounds was done by spectroscopic
methods. The antimicrobial activities of compounds were determined and the
results were compared to the Sulfioxazole compound. Among the synthesized
compounds, 4c showed the strongest effect.
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