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I N T R O D U C T I O N

In accordance with our earlier work of synthesizing bio-
active molecules possessing benzimidazole nucleus [1] we
have synthesized and present in this work a series of potent
antimicrobial heterocyclic compounds bearing benzimidazole
nucleus as the centre. The medicinal properties of benzimida-
zole as potent anticancer [2,3] and antimicrobial [4-6] have
drawn our attention to concentrate research around it. Several
other biological properties associated with different benzimi-
dazole derivatives includes antiparasitic [7], analgesic [8],
antibacterial [9] and molluscicidal [10] properties. It is also
observed that benzimidazole derivatives are found to possess
anti-HIV [11], anthelmintic [12], antimycobacterial [13], anti-
diabetic [14] and antioxidant properties [15]. Several biological
properties exhibited by different benzimidazole scaffolds
includes antiallergic [16], analgesic [17,18] and antihyper-
tensive activities [19].

Drugs available in the market viz. albendazole, mebendazole
and bendamustine are found to possess benzimidazole as its
core. Literature survey also reveals that the benzimidazole ring
containing molecules are potent growth inhibitors over a wide
range of bacteria and fungi [20,21]. Synthesis and evaluation

A new class of fluorobenzimidazole derivatives (IIIa-j) was synthe-
sized to investigate their antimicrobial potential. All the compounds
were prepared by multiple step synthesis, initiating from the synthesis
of 5-(difluoromethoxy)-1H-benzimidazole-2-thiol (I). The compound
I was further reacted with different derivatives of 2-chloro-N-
phenylacetamide (IIa-j) prepared by reacting differently substituted
anilines with chloroacetylchloride and triethylamine in DMF
(solvent); resulting in formation of fluorobenzimidazoles IIIa-j. The
compounds IIIa-j were characterized by spectral analysis viz. 1H NMR,
13C NMR, mass spectra, elemental analysis and IR. All these
compounds were screened in vitro for their antimicrobial activity
against Gram-positive (S. aureus and E. faecalis) and Gram-negative
bacterial (E. coli and P.aeruginosa) strains as well as fungi (A. niger
and C. albicans). Some of the compounds exhibited promising results
(in MIC) against Gram-negative bacterial strains.
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of different substituted benzimidazole analogs resulted in
the discovery of some important drugs viz. omeprazole, lanso-
prazole, rabeprazole and pantoprazole as shown in Fig. 1.
Benzimidazole derivatives are used as CK2 inhibitors against
the CK2 proteins responsible for neoplastic growth in animals
[22]. Some fused heterocyclic benzimidazole derivatives are
used as eukaryotic topisomerase II inhibitors [23]. Variedly
substituted benzimidazoles exhibited excellent activity against
a wide variety of virus including HIV and several leads posse-
ssing benzimidazole nucleus were developed and found capable
of ceasing adenoviral replication [24]. The literature survey
helped to understand the versatility of benzimidazole and its
high potency as a therapeutic agent [25,26], which directed us
to synthesize the fluorobenzimidazoles derivatives (IIIa-j) as
shown in Fig. 2.
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Fig. 2. General structure and carbon enumeration of titled compounds IIIa-j

E X P E R I M E N T A L

All the chemicals and solvents required for the synthesis
of fluorobenzimidazole derivatives and corresponding inter-
mediates were purchased from Merck Ltd., SD Fine chemicals,
LOBA Chemie and HIMEDIA. Melting points reported here
were obtained using open end capillary method and are uncor-
rected. TLC plates (TLC Silica gel 60 F254) used for monitoring

the completion of reaction were purchased from Merck. The
IR spectral data were measured by using Bruker FT-IR alpha-t
(ATR). The 1H NMR and 13C NMR were obtained using Bruker
Spectrophotometer-400 MHz and 100 MHz respectively, where
DMSO-d6 was used as solvent and TMS as reference. The mass
spectral analysis was conducted on Shimadzu mass analyzer.
The elemental analysis was carried out on Perkin-Elmer 2400
CHN Analyzer.

General procedure

Synthesis of 5-(difluoromethoxy)-1H-benzo[d]imida-
zole-2-thiol (I): This compound was obtained by literature
procedure [27].

General procedure for the synthesis of 2-chloro-N-
(aryl)acetamide derivatives (IIa-j): Various substituted amines
(0.01 mol) were added to a solution of DMF (35 mL) con-
taining triethylamine (3-4 drops). The mixture was stirred for
10 min at room temperature. Chloroacetylchloride (0.015 mol,
113 g/mol, 1.19 mL) was added to the above mixture, maintaining
the temperature between 0 to 5 °C. The obtained solution was
then stirred at room temperature for 4-6 h. The completion of
reaction was monitored with TLC using toluene: acetone (8:2)
as mobile phase. The solution was then added onto crushed
ice and the separated precipitates were filtered and dried. The
product was crystallized from methanol.

General method for the synthesis of final derivatives
(IIIa-j): 5-(Difluoromethoxy)-1H-benzo[d]imidazole-2-thiol
(I) (0.01 mol, 180 g/mol, 1.8 g) was made soluble in acetone.
To this well stirred solution different acetamide derivatives
IIa-j (0.01 mol) were added to the above solution. Potassium
carbonate (0.02 mol, 138 g/mol, 2.76 g) was added to the solu-
tion containing mixture of 5-methoxy-1H-benzo[d]imidazole-
2-thiol (I) and different acetamide derivatives IIa-j. The mixture
was allowed to stir for 4 h at room temperature. The completion
of reaction was monitored using TLC plate with mobile phase
ethyl acetate: n-hexane (6:4). The final products thus obtained
were poured into ice-cold water and stirred for 30 min. The
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precipitates were filtered and washed occasionally. The final
products IIIa-j obtained were crystallized from alcohol.
Spectral data

5-(Difluoromethoxy)-1H-benzo[d]imidazole-2-thiol
(I): Solid white; Yield: 56 %; m.p.: 241 °C; m.f.: C8H6N2OF2S;
elemental analysis (%): Calculated: C, 44.44; H, 2.80; N, 12.96.
Found: C, 44.47; H, 2.83; N, 12.99; FTIR (ATR, νmax, cm-1):
1176 (-C-F str. -OCHF2), 1583 (-C=N str., benzimidazole
nucleus), 2996 (-CH str. -OCHF2), 3400 (-NH str. sec. amine);
1H NMR (400 MHz, DMSO-d6, δ, ppm): 6.95 (1H, s, -OCHF2),
6.742-7.91 (3H, m, Ar-H), 10.92 (1H, s, -NH); 13C NMR (100
MHz, DMSO-d6, δ, ppm): 102.8 (C14), 111.9 (C12), 116.9 (C11),
139.4 (C15), 147.7 (C9); +ESI-MS (m/z): 217.

2-(5-(Difluoromethoxy)-1H-benzo[d]imidazol-2-yl-
thio)-N-(3-nitrophenyl)acetamide (IIIa): Yield: 87 %; m.p.:
182 °C; m.f.: C16H12N4O4SF2; elemental analysis (%): Calculated:
C, 48.73; H, 3.07; N, 14.21; S, 8.13. Found: C, 48.75; H, 3.10; N,
14.25; S, 5.15; FTIR (ATR, νmax, cm-1): 1168 (-C-F str. -OCHF2),
1586 (-C=N str. benzimidazole nucleus), 1681 (-C=O str.),
2842 (-CH2 str. methylene), 3011 (-CH str. -OCHF2), 3095
(-CH str. aromatic ring), 3408 (-NH str. sec. amine); 1H NMR
(400 MHz, DMSO-d6, δ, ppm): 4.23 (2H, s, -CH2), 6.95 (1H,
s, -OCHF2), 6.54-7.92 (7H, m, Ar-H), 10.96 (1H, s, -NH), 12.32
(1H, s, benzimidazole-NH); 19F NMR (376 MHz, DMSO,
ppm): -81.19 (2F, s, -OCHF2); 13C NMR (100 MHz, DMSO-
d6, δ, ppm): 39.1(C8), 102.8 (C14), 111.9 (C12), 114.6 (C1), 116.9
(C11), 119.8 (C3), 139.4 (C15), 147.7 (C9), 148.4 (C2), 156.1
(C13), 166.4 (C7); ESI+MS (m/z): 395 (M+).

2-(5-(Difluoromethoxy)-1H-benzo[d]imidazol-2-yl-
thio)-N-(4-nitrophenyl)acetamide (IIIb): Yield: 66 %; m.p.:
194 °C; m.f.: C16H12F2N4O4S; elemental analysis (%): Calculated:
C, 48.73; H, 3.07; N, 14.21; S, 8.13. Found: C, 48.76; H, 3.11; N,
14.25; S, 5.16; FTIR (ATR, νmax, cm-1): 1171 (-C-F str. -OCHF2),
1579 (-C=N str. benzimidazole nucleus), 1685 (-C=O str.),
2834 (-CH2 str. methylene), 3001 (-CH str. -OCHF2), 3087
(-CH str. aromatic ring), 3396 (-NH str. sec. amine); 1H NMR
(400 MHz, DMSO-d6, δ, ppm): 4.19 (2H, s, -CH2), 6.88 (1H,
s, -OCHF2), 6.62-8.10 (7H, m, Ar-H), 10.91 (1H, s, -NH), 12.36
(1H, s, benzimidazole-NH); 19F NMR (376 MHz, DMSO,
ppm): -81.23 (2F, s, -OCHF2); 13C NMR (100 MHz, DMSO-
d6, δ, ppm): 39.1(C8), 102.8 (C14), 111.9 (C12), 116.9 (C11),
119.9 (C1), 124.3 (C2), 124.3 (C4), 139.4 (C15), 143.8 (C3),
147.7 (C9), 156.1 (C13), 166.4 (C7); ESI + MS (m/z): 395 (M+).

N-(3-Chlorophenyl)-2-(5-(difluoromethoxy)-1H-benzo-
[d]imidazol-2-ylthio)acetamide (IIIc): Yield: 89 %; m.p.:154
°C; m.f.: C16H12N3O2SClF2; elemental analysis (%): Calculated:
C, 50.07; H, 3.15; N, 10.95; S, 8.35. Found: C, 50.11; H, 3.18; N,
10.98; S, 8.38; FTIR (ATR, νmax, cm-1): 1167 (-C-F str. -OCHF2),
1583 (-C=N str. benzimidazole nucleus), 1691 (-C=O str.),
2837 (-CH2 str. methylene), 2998 (-CH str. -OCHF2), 3091
(-CH str. aromatic ring), 3399 (-NH str. sec. amine); 1H NMR
(400 MHz, DMSO-d6, δ, ppm): 4.22 (2H, s, -CH2), 6.96 (1H,
s, -OCHF2), 6.51-8.02 (7H, m, Ar-H), 10.86 (1H, s, -NH), 12.41
(1H, s, benzimidazole-NH); 19F NMR (376 MHz, DMSO,
ppm): -81.24 (2F, s, -OCHF2); 13C NMR (100 MHz, DMSO-
d6, δ, ppm): 39.1(C8), 102.8 (C14), 111.9 (C12), 116.9 (C11),
122.2 (C1), 128.1 (C3), 134.7 (C2), 139.4 (C15), 147.7 (C9),
156.1 (C13), 166.4 (C7); ESI+MS (m/z): 384 (M+).

N-(4-Chloro-3-fluorophenyl)-2-(5-(difluoromethoxy)-
1H-benzo[d]imidazol-2-ylthio)acetamide (IIId): Yield: 78 %;
m.p.:166 °C; m.f.: C16H11N3O2SClF3; elemental analysis (%):
Calculated: C, 47.83; H, 2.76; N, 10.46; S, 7.98. Found: C,
47.86; H, 2.80; N, 10.49; S, 8.01; FTIR (ATR, νmax, cm-1): 1170
(-C-F str. -OCHF2), 1587 (-C=N str. benzimidazole nucleus),
1695 (-C=O str.), 2829 (-CH2 str. methylene), 3009 (-CH str.
-OCHF2), 3088 (-CH str. aromatic ring), 3410 (-NH str. sec.
amine); 1H NMR (400 MHz, DMSO-d6, δ, ppm): 4.12 (2H, s,
-CH2), 6.89 (1H, s, -OCHF2), 6.47-8.09 (6H, m, Ar-H), 10.91
(1H, s, -NH), 12.39 (1H, s, benzimidazole-NH); 19F NMR (376
MHz, DMSO, ppm): -81.17 (2F, s, -OCHF2); 13C NMR (100
MHz, DMSO-d6, δ, ppm): 39.1(C8), 102.8 (C14), 111.9 (C12),
116.9 (C11), 111.8 (C1), 116.5 (C3), 139.4 (C15), 147.7 (C9),
156.1 (C13), 163.2 (C2), 166.4 (C7); ESI+MS (m/z): 402 (M+).

2-(5-(Difluoromethoxy)-1H-benzo[d]imidazol-2-ylthio)-
N-phenylacetamide (IIIe): Yield: 56 %; m.p.:182 °C; m.f.:
C16H13N3O2SF2; elemental analysis (%): Calculated: C, 55.01;
H, 3.75; N, 12.03; S, 9.18. Found: C, 55.05; H, 3.78; N, 12.05;
S, 9.20; FTIR (ATR, νmax, cm-1): 1173 (-C-F str. -OCHF2), 1592
(-C=N str. benzimidazole nucleus), 1696 (-C=O str.), 2833
(-CH2 str. methylene), 3005 (-CH str. -OCHF2), 3092 (-CH
str. aromatic ring), 3398 (-NH str. sec. amine); 1H NMR (400
MHz, DMSO-d6, δ, ppm): 4.18 (2H, s, -CH2), 6.91 (1H, s,
-OCHF2), 6.57-8.13 (8H, m, Ar-H), 10.93 (1H, s, -NH), 12.41
(1H, s, benzimidazole-NH); 19F NMR (376 MHz, DMSO,
ppm): -81.21 (2F, s, -OCHF2); 13C NMR (100 MHz, DMSO-
d6, δ, ppm): 39.1(C8), 102.8 (C14), 111.9 (C12), 116.9 (C11), 121.6
(C1), 128.2 (C3), 128.9 (C2), 139.4 (C15), 147.7 (C9), 156.1
(C13), 166.4 (C7); ESI+MS (m/z): 350 (M+).

2-(5-(Difluoromethoxy)-1H-benzo[d]imidazol-2-ylthio)-
N-(4-fluorophenyl)acetamide (IIIf): Yield: 85 %; m.p.:156
°C; m.f.: C16H12N3O2SF3; elemental analysis (%): Calculated:
C, 52.31; H, 3.29; N, 11.44; S, 8.73. Found: C, 52.34; H, 3.32; N,
11.47; S, 8.75; FTIR (ATR, νmax, cm-1): 1166 (-C-F str. -OCHF2),
1586 (-C=N str. benzimidazole nucleus), 1672 (-C=O str.),
2847 (-CH2 str. methylene), 3016 (-CH str. -OCHF2), 3087
(-CH str. aromatic ring), 3398 (-NH str. sec. amine); 1H NMR
(400 MHz, DMSO-d6, δ, ppm): 4.23 (2H, s, -CH2), 6.93 (1H,
s, -OCHF2), 6.62-8.02 (7H, m, Ar-H), 10.96 (1H, s, -NH), 12.37
(1H, s, benzimidazole-NH); 19F NMR (376 MHz, DMSO,
ppm): -81.20 (2F, s, -OCHF2); 13C NMR (100 MHz, DMSO-
d6, δ, ppm): 39.1(C8), 102.8 (C14), 111.9 (C12), 115.7 (C2), 116.9
(C11), 120.8 (C1), 139.4 (C15), 147.7 (C9), 156.1 (C13), 163.2
(C3), 166.4 (C7); ESI+MS (m/z): 368 (M+).

2-(5-(Difluoromethoxy)-1H-benzo[d]imidazol-2-ylthio)-
N-(2-methoxyphenyl)acetamide (IIIg): Yield: 89 %; m.p.:135
°C; m.f.: C17H15N3O3SF2; elemental analysis (%): Calculated:
C, 53.82; H, 3.99; N, 11.08; S, 8.45. Found: C, 53.85; H, 4.03; N,
11.11; S, 8.48; FTIR (ATR, νmax, cm-1): 1176 (-C-F str. -OCHF2),
1577 (-C=N str. benzimidazole nucleus), 1679 (-C=O str.),
2835 (-CH2 str. methylene), 2997 (-CH str. -OCHF2), 3094
(-CH str. aromatic ring), 3405 (-NH str. sec. amine); 1H NMR
(400 MHz, DMSO-d6, δ, ppm): 4.16 (2H, s, -CH2), 6.86 (1H,
s, -OCHF2), 6.54-8.06 (7H, m, Ar-H), 10.89 (1H, s, -NH), 12.39
(1H, s, benzimidazole-NH); 19F NMR (376 MHz, DMSO,
ppm): -81.22 (2F, s, -OCHF2); 13C NMR (100 MHz, DMSO-
d6, δ, ppm): 39.1(C8), 102.8 (C14), 111.9 (C12), 113.2 (C2), 116.9
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(C11), 128.2 (C3), 139.4 (C15), 147.7 (C9), 149.8 (C1), 156.1
(C13), 166.4 (C7); ESI+MS (m/z): 380 (M+).

2-(5-(Difluoromethoxy)-1H-benzo[d]imidazol-2-ylthio)-
N-m-tolylacetamide (IIIh): Yield: 94 %; m.p.:194 °C; m.f.:
C17H15N3O2SF2; elemental analysis (%): Calculated: C, 56.19;
H, 4.16; N, 11.56; S, 8.82. Found: C, 56.22; H, 4.20; N, 11.60;
S, 8.85; FTIR (ATR, νmax, cm-1): 1169 (-C-F str. -OCHF2), 1572
(-C=N str. benzimidazole nucleus), 1674 (-C=O str.), 2841 (-CH2

str. methylene), 3001 (-CH str. -OCHF2), 3091 (-CH str. aromatic
ring), 3409 (-NH str. sec. amine); 1H NMR (400 MHz, DMSO-
d6, δ, ppm): 4.23 (2H, s, -CH2), 6.90 (1H, s, -OCHF2), 6.47-7.99
(7H, m, Ar-H), 10.94 (1H, s, -NH), 12.31 (1H, s, benzimidazole-
NH); 19F NMR (376 MHz, DMSO, ppm): -81.17 (2F, s, -OCHF2);
13C NMR (100 MHz, DMSO-d6, δ, ppm): 39.1(C8), 102.8 (C14),
111.9 (C12), 138.8 (C2), 116.9 (C11), 124.8 (C3), 139.4 (C15),
147.7 (C9), 120.4 (C1), 156.1 (C13), 166.4 (C7); ESI+MS (m/z):
364 (M+).

2-(5-(Difluoromethoxy)-1H-benzo[d]imidazol-2-ylthio)-
N-(2-nitrophenyl)acetamide (IIIi): Yield: 87 %; m.p.:195 °C;
m.f.: C16H12N4O4SF2; elemental analysis (%): Calculated: C,
48.73; H, 3.07; N, 14.21; S, 8.13. Found: C, 48.75; H, 3.10;
N, 14.25; S, 8.15; FTIR (ATR, νmax, cm-1): 1176 (-C-F str. -OCHF2),
1583 (-C=N str. benzimidazole nucleus), 1680 (-C=O str.),
2834 (-CH2 str. methylene), 2995 (-CH str. -OCHF2), 3096
(-CH str. aromatic ring), 3400 (-NH str. sec. amine); 1H NMR
(400 MHz, DMSO-d6, δ, ppm): 4.20 (2H, s, -CH2), 6.96 (1H,
s, -OCHF2), 6.51-8.06 (7H, m, Ar-H), 10.86 (1H, s, -NH), 12.36
(1H, s, benzimidazole-NH); 19F NMR (376 MHz, DMSO,
ppm): -81.24 (2F, s, -OCHF2); 13C NMR (100 MHz, DMSO-
d6, δ, ppm): 39.1(C8), 102.8 (C14), 111.9 (C12), 125.5 (C2), 116.9
(C11), 125.1 (C3), 139.4 (C15), 147.7 (C9), 142.7 (C1), 156.1
(C13), 166.4 (C7); ESI+MS (m/z): 395 (M+).

2-(5-(Difluoromethoxy)-1H-benzo[d]imidazol-2-
ylthio)-N-(3-(trifluoromethyl)phenyl)acetamide (IIIj):
Yield: 84 %; m.p.:158 °C; m.f.: C17H12N3O2SF5; elemental
analysis (%): Calculated: C, 48.92; H, 2.90; N, 10.07; S, 7.68.
Found: C, 48.95; H, 2.93; N, 10.11; S, 7.70; FTIR (ATR, νmax,
cm-1): 1173 (-C-F str. -OCHF2), 1581 (-C=N str. benzimidazole
nucleus), 1674 (-C=O str.), 2840 (-CH2 str. methylene), 3003
(-CH str. -OCHF2), 3090 (-CH str. aromatic ring), 3403 (-NH
str. sec. amine); 1H NMR (400 MHz, DMSO-d6, δ, ppm): 4.17
(2H, s, -CH2), 6.93 (1H, s, -OCHF2), 6.58-8.03 (7H, m, Ar-H),
10.92 (1H, s, -NH), 12.35 (1H, s, benzimidazole-NH); 19F NMR

(376 MHz, DMSO, ppm): -81.19 (2F, s, -OCHF2), -61.89 (3F,
s, -CF3);13C NMR (100 MHz, DMSO-d6, δ, ppm): 39.1 (C8),
102.8 (C14), 111.9 (C12), 116.9 (C11), 120.8 (C3), 125.9 (C1),
131.4 (C2), 139.4 (C15), 141.7 (C6), 147.7 (C9), 156.1 (C13),
166.4 (C7); ESI+MS (m/z): 418 (M+).

R E S U L T S A N D   D I S C U S S I O N

All the fluorobenzimidazole derivatives (IIIa-j) were pre-
pared by the procedure depicted in Scheme-I. Simultaneously
two reactions were undertaken; 4-(difluoromethoxy)benzene-
1,2-diamine was reacted with carbon disulphide and KOH in
presence of ethanol, resulting in the formation of 5-(difluoro-
methoxy)-1H-benzo[d]imidazole-2-thiol (I) [27] and differe-
ntly substituted anilines were reacted with chloroacetylchloride
(CAC) and triethylamine (TEA) in presence of DMF, which
resulted in the formation of 2-chloro-N-acetamide derivatives
(IIa-j). The two intermediates thus obtained were condensed
in presence of K2CO3 (scavenger) to yield titled molecules
IIIa-j in good quantity. The antimicrobial potency of the synthe-
sized derivatives was reported in the form of minimum inhi-
bitory concentration (MIC) values (Table-1).

Characterization: The spectral data obtained for the final
derivatives IIIa-j helped to confirm their formation. Let us
consider compound IIIj and try to characterize its structure
from the IR, 1H NMR, 13C NMR and mass analysis. IR spectral
data for the compound 2-(5-(difluoromethoxy)-1H-benzo-
[d]imidazol-2-ylthio)-N-(3-(trifluoromethyl)phenyl)acetamide
(IIIj) has shown a stretching vibration at 3403 cm-1 indicating
clearly the presence of -NH (secondary amine) in the molecule.
The presence of a band at 3003 cm-1 confirmed the presence
of -C-H bond in the -OCHF2 substitution. The -C-H bond in the
aromatic ring can be depicted from a sharp band obtained at
3090 cm-1. A weak absorption band observed at 2840 cm-1

helped to prove the formation of the -CH2
 linkage (methylene

group) in the molecule. The presence of -C=O (carbonyl) group
and -C=N was confirmed by a sharp intensified bands at 1674
and 1581 cm-1, respectively. Also the presence of fluorine atom
in form of -C-F band (in -OCHF2) was proved by a sharp band
at 1173 cm-1.

The chemical shift observed in 1H NMR spectral data added
more confirmation to the formation of final derivatives. In the
compounds IIIj The absorption peak at δ = 12.35 helped to

TABLE-1 
ANTIMICROBIAL DATA OF THE SYNTHESIZED DERIVATIVES (IIIa-j) 

Minimum inhibitory concentration (µg/mL) 

Gram-positive bacteria Gram-negative bacteria Fungi -R (Derivatives) 

S. aureus E. faecalis E. coli P. aeruginosa C. albicans A. niger 
-3-NO2 250 250 62.5 125 250 250 
-4-NO2 250 500 250 125 500 500 
-3-Cl 500 500 500 62.5 500 500 

-3-F-4-Cl 500 500 500 62.5 500 500 
-H 500 500 500 125 500 500 

-4-F 125 250 62.5 125 125 125 
-2-OCH3 500 500 500 125 500 500 
-3-CH3 500 500 500 125 500 500 
-2-NO2 62.5 125 62.5 125 250 250 
-3-CF3 250 250 125 125 250 250 

Fluconazole – – – – 125 62.5 
Ciprofloxacin 62.5 125 125 125 – – 
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exhibit the presence of proton of secondary amino group (-NH)
in the benzimidazole nucleus. The proton of -NH (secondary
amine) group in between the methylene and the carbonyl group
confirmed its presence with a absorption band at δ value 10.92
ppm. The aromatic protons were proved by a broad band bet-
ween the δ values 6.58 to 8.03. A sharp absorption band appea-
ring at δ = 4.17 confirmed the presence of -CH2 linkage, as the
δ value appeared corresponded to the two protons of the
methylene group.

Different chemical shifts observed in the 13C NMR helped
to confirm the formation of the final molecules IIIa-j. The δ
values in the spectra were seen to vary between 39.1 to 166.4

Synthesis of 5-(difluoromethoxy)-1H-benzimidazole-2-thiol I

F2HCO NH2

NH2

4-(dif luoromethoxy)benzene-1,2-diamine

CS2 / KOH

EtOH
N
H

N

SH

F2HCO

5-(dif luoromethoxy)-1H -benzo[d ]imidazole-2-thiol

Synthesis of substituted 2-chloro-N-acetamide derivatives IIa-j

NH2

R

CAC / TEA 

DMF

H
N

R

Cl

O

substituted derivatives of  
2-chloro-N-acetamide IIa-m

Synthesis of final derivatives IIIa-j

N
H

N

SH

F2HCO

5-(dif luoromethoxy)-1H
-benzo[d ]imidazole-2-thiol

H
N

R

Cl

O

substituted derivatives of  
2-chloro-N-acetamide IIa-m

+

Acetone  K2CO3

N
H

N

S

F2HCO

O

HN

R

Fluorobenzimidazole derivatives IIIa-j

CAC = chloroacetylchloride 
TEA = triethylamine

Scheme-I: Synthetic route for titled derivatives IIIa-j

ppm values. The absorption peak at 39.1 ppm value proved
the presence of -CH2 group as the value correspond to the
carbon of methylene group. The -C=O group (C-7) confirmed
its presence in the molecules by a band observed at δ value
166.4. The carbon (C-9) present in the benzimidazole nucleus
and in vicinity to the sulfur atom was confirmed by a absorption
band at δ = 147.7 ppm. The carbon (C-6) of the phenyl ring
attached to the -NH group was found at δ value 141.7 ppm.
The carbon atom (C-13) attached to the -OCHF2 substitution
was seen at a downfield shift of δ = 156.1 ppm. It was observed
that with the formation of different derivatives, the δ value of
the carbon possessing the substituted functional group varied
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accordingly. In compound IIIa (m-NO2) and IIIb (p-NO2), the
shift for the carbon atom C-2 and C-3 was observed much
downfield than that of a normal carbon bearing proton nearly
at 148.4 and 143.8 ppm, respectively. The presence of -Cl in
IIIc shifted the absorption band for C-2 at δ = 134.7. Presence
of fluorine atom at C-3 in structure IIId was confirmed by a
absorption band at 163.2 ppm. Thus the 13C NMR data helped
to confirm the presence of various functional groups with their
respective molecules. The carbon enumeration for the general
structure of final derivatives is given in Fig. 1.

Antimicrobial activity: The synthesized compounds IIIa-j

were screened for their antibacterial and antifungal properties
against a broad panel of Gram-positive bacteria, Gram-negative
bacteria and fungi. The resulting MIC (µg/mL) values were
reported in Table-1. It was observed that a few derivatives
among the synthesized series were exhibiting excellent activity.
Ciprofloxacin drug was used as a standard for antibacterial
tests and fluconazole for antifungal activity. The MIC value
for ciprofloxacin against Gram-positive bacteria S. aureus
(ATCC no. 25923) was found to be 62.5 µg/mL. Against the
other Gram-positive bacteria E. faecalis (ATCC no. 29212)
and two Gram-negative bacteria E. coli (ATCC no. 25922)
and P. aeruginosa (ATCC no. 27853); the MIC value for the
standard drug ciprofloxacin was observed to be 125 µg/mL.
Fluconazole when introduced as a standard drug for antifungal
property against C. albicans (ATCC no. 10231) and A. niger
(ATCC no. 1015), was found to show MIC value 125 µg/mL
and 62.5 µg/mL respectively. The derivatives were screened
for their biological activity by standard protocols like micro
dilution/broth titer method. The tests were performed by diluting
the samples and preparing the sets with different concentration
initiating from 1000 µg/mL up to 7.8 µg/mL.

The newly synthesized compounds IIIa-j were tested against
the broad panel of Gram-positive and Gram-negative bacteria.
A very few derivatives were found to be active against the Gram-
positive bacterial strains S. aureus and E. faecalis. The com-
pounds IIIi (2-NO2) was found to be exhibiting equivalent
activity as that of the standard ciprofloxacin against S. aureus
(62.5 µg/mL) as well as E. faecalis (125 µg/mL). Also com-
pound IIIf (4-F) was found to exhibit excellent activity (62.5
µg/mL) against E. faecalis as compared to the activity of standard
drug ciprofloxacin against the same bacterial strain. The other
derivatives were demonstrating poor activity against the Gram-
positive bacterial strains. The same synthesized derivatives
IIIa-j when tested against Gram-negative bacteria E. coli and
P. aeruginosa were found to exhibit much better activity than
that shown against Gram-positive strains. The compounds IIIa

(3-NO2) and IIIf (4-F) showed excellent activity (62.5 µg/mL),
even better than the standard (125 µg/mL) against E. coli. The
compounds IIIi (2-NO2) and IIIj (m-CF3) also possessed activity
(125 µg/mL) equivalent to that of standard drug ciprofloxacin
when tested against E. coli. The complete series of synthesized
motifs were found to exhibit best results against the Gram-
negative strain P. aeruginosa as compared to the standard.
Compounds IIIc (3-Cl), IIId (3-F-4-Cl) and IIIf (4-F) were
found to show excellent activity (62.5 µg/mL) even better than
the standard. The other compounds IIIa (3-NO2), IIIb (4-NO2),
IIIe (H), IIIg (2-OCH3), IIIh (m-CH3), IIIi (2-NO2) and IIIj (3-

CF3) also exhibited activity equivalent (125 µg/mL) to that of
the standard drug ciprofloxacin. The derivatives IIIa-j when
tested against the fungal strains C. albicans and A. niger; it was
found that none of the compounds showed good activity even
equivalent to that of the standard drug fluconazole. Overall it
was found from the antimicrobial data that the derivatives
synthesized were good antibacterial but none of them could
be used as antifungal due to their poor MIC values as compared
to the standard.

SAR study: The structure activity relationship study helped
to analyze the impact of different functional group in the deri-
vatives towards the resulting biological data against the broad
panel of microorganisms. The variation in the structure of the
final derivatives was made possible by the use of both electron-
withdrawing and electron-donating substituents. The MIC
values presented in Table-1 very well stated that the electron-
withdrawing substituents like -NO2, -F, -Cl and –CF3 were
responsible for the exhibition of excellent biological activity
than the derivatives with electron-donating groups. Some of
the derivatives bearing electron-withdrawing functional groups
demonstrated even lower MIC (µg/mL) value than the standard
proving them to be excellent antibacterial molecules.

Conclusion

The derivatives bearing fluorosubstituted benzimidazole
nucleus presented in this research article up to a great extent
have proved to be potent antibacterial agents. Also from the
SAR study, it is much clear that the use of electron-withdrawing
functional groups in the final derivatives as substituents has
influenced the biological property of the synthesized motifs
IIIa-j. Also the concept of utilizing electron-withdrawing substi-
tuents will be kept in mind while undertaking other scientific
work of the same kind. Further optimization will be undertaken
in the structure to enhance the antimicrobial property of the
derivatives reported.

A C K N O W L E D G E M E N T S

The authors are thankful to Sheth M.N. Science College,
Patan and NGES, Mumbai. We extend our sincere regards to
SAIF, Chandigarh and IISC, Bangalore for providing spectral
data of the compounds related to this work.

R E F E R E N C E S
1. D. Joshi and K. Parikh, Synthesis and Evaluation of Novel Benzimi-

dazole Derivatives as Antimicrobial Agents, Med. Chem. Res., 23, 1290
(2014);
https://doi.org/10.1007/s00044-013-0732-z.

2. H.M. Refaat, Synthesis and Anticancer Activity of Some Novel 2-Substi-
tuted Benzimidazole Derivatives, Eur. J. Med. Chem., 45, 2949 (2010);
https://doi.org/10.1016/j.ejmech.2010.03.022.

3. M. Shaharyar, M.M. Abdullah, M.A. Bakht and J. Majeed, Pyrazoline
Bearing Benzimidazoles: Search for Anticancer Agent, Eur. J. Med.
Chem., 45, 114 (2010);
https://doi.org/10.1016/j.ejmech.2009.09.032.

4. A. El-masry, H.H. Fahmy and S.H.A. Abdelwahed, Molecules, 5, 1429
(2000);
https://doi.org/10.3390/51201429.

5. H. Göker, S. Özden, S. Yildiz and D. Boykin, Synthesis and Potent
Antibacterial Activity against MRSA of Some Novel 1,2-disubstituted-
1H-benzimidazole-N-alkylated-5-carboxamidines, Eur. J. Med. Chem.,
40, 1062 (2005);
https://doi.org/10.1016/j.ejmech.2005.05.002.

214  Joshi et al.



6. K.G. Sekar and S.K. Periyasamy, Oxidation of Thioacids by Quinaldi-
nium Fluorochromate, Arab. J. Chem., 9, 574 (2016);
https://doi.org/10.1016/j.arabjc.2013.11.022.

7. G. Navarrete-Vázquez, R. Cedillo, A. Hernández-Campos, L. Yépez,
F. Hernández-Luis, J. Valdez, R. Morales, R. Cortés, M. Hernández
and R. Castillo, Synthesis and Antiparasitic Activity of 2-(Trifluoromethyl)-
benzimidazole Derivatives, Bioorg. Med. Chem. Lett., 11, 187 (2001);
https://doi.org/10.1016/S0960-894X(00)00619-3.

8. K.M. Hosamani, K.C. Achar and H.R. Seetharamareddy, in vivo Anal-
gesic and Anti-inflammatory Activities of Newly Synthesized
Benzimidazole Derivatives, Eur. J. Med. Chem., 45, 2048 (2010);
https://doi.org/10.1016/j.ejmech.2010.01.029.

9. K. Parikh and D. Joshi, Antibacterial and Antifungal Screening of Newly
Synthesized Benzimidazole-Clubbed Chalcone Derivatives, Med.
Chem. Res., 22, 3688 (2013);
https://doi.org/10.1007/s00044-012-0369-3.

10. Z.M. Nofal, H.H. Fahmy and H.S. Mohamed, Synthesis, Antimicrobial
and Molluscicidal Activities of New Benzimidazole Derivatives, Arch.
Pharm. Res., 25, 28 (2002);
https://doi.org/10.1007/BF02975257.

11. T. Middleton, H.B. Lim, D. Montgomery, T. Rockway, H. Tang, X.
Cheng, L. Lu, H. Mo, W.E. Kohlbrenner, A. Molla and W.M. Katti,
Inhibition of Human Immunodeficiency Virus Type I Integrase by
Naphthamidines and 2-aminobenzimidazoles, Antiviral Res., 64, 35 (2004);
https://doi.org/10.1016/j.antiviral.2004.04.007.

12. A.T. Mavrova, K.K. Anichina, D.I. Vuchev, J.A. Tsenov, P.S. Denkova,
M.S. Kondeva and M.K. Micheva, Antihelminthic activity of Some
Newly Synthesized 5(6)-(un)Substituted-1H-benzimidazol-2-ylthio-
acetylpiperazine Derivatives, Eur. J. Med. Chem., 41, 1412 (2006);
https://doi.org/10.1016/j.ejmech.2006.07.005.

13. V. Klimesová, J. Koèí, K. Waisser and J. Kaustová, New Benzimidazole
Derivatives as Antimycobacterial Agents, Il Farmaco, 57, 259 (2002);
https://doi.org/10.1016/S0014-827X(02)01218-1.

14. H. Minoura, S. Takeshita, M. Ita, J. Hirosumi, M. Mabuchi, I.
Kawamura, S. Nakajima, O. Nakayama, H. Kayakiri, T. Oku, A. Ohkubo-
Suzuki, M. Fukagawa, H. Kojo, K. Hanioka, N. Yamasaki, T. Imoto, Y.
Kobayashi and S. Mutoh, Pharmacological Characteristics of a Novel
Nonthiazolidinedione Insulin Sensitizer, FK614, Eur. J. Pharmacol.,
494, 273 (2004);
https://doi.org/10.1016/j.ejphar.2004.04.038.

15. G. Ayhan-Kilcigil, C. Kus, T. Çoban, B. Can-Eke and M. Iscan, Synth-
esis and Antioxidant Properties of Novel Benzimidazole Derivatives,
J. Enzyme Inhib. Med. Chem., 19, 129 (2004);
https://doi.org/10.1080/1475636042000202017.

16. H. Nakano, T. Inoue, N. Kawasaki, H. Miyataka, H. Matsumoto, T.
Taguchi, N. Inagaki, H. Nagai and T. Satoh, Synthesis and Biological
Activities of Novel Antiallergic Agents with 5-lipoxygenase Inhibiting
Action, Bioorg. Med. Chem., 8, 373 (2000);
https://doi.org/10.1016/S0968-0896(99)00291-6.

17. S. Dixit, P. Sharma and N. Kaushik, Synthesis of Novel Benzimidazole
Derivatives: As Potent Analgesic Agent, Med. Chem. Res., 22, 900 (2013);
https://doi.org/10.1007/s00044-012-0083-1.

18. G. Mariappan, R. Hazarika, F. Alam, R. Karki, U. Patangia and S. Nath,
Synthesis and Biological Evaluation of 2-Substituted Benzimidazole
Derivatives, Arab. J. Chem., 8, 715 (2015);
https://doi.org/10.1016/j.arabjc.2011.11.008.

19. S. Estrada-Soto, R. Villalobos-Molina, F. Aguirre-Crespo, J. Vergara-
Galicia, H. Moreno-Diaz, M. Torres-Piedra and G. Navarrete-Vazquez,
Relaxant Activity of 2-(Substituted phenyl)-1H-benzimidazoles on
Isolated Rat aortic Rings: Design and Synthesis of 5-Nitro Derivatives,
Life Sci., 79, 430 (2006);
https://doi.org/10.1016/j.lfs.2006.01.019.

20. S.M. Badr, H.M. Eisa, A.M. Barghash and A.A. Farahat, Synthesis &
Antimicrobial Activity of Certain Benzimidazole and Fused Benzimi-
dazole Derivatives, Indian J. Chem., 49B, 1515 (2011).

21. Y. Radha, A. Manjula, B.M. Reddy and B.V. Rao, Synthesis and
Biological Activity of Novel Benzimidazoles, Indian J. Chem., 50B,
1762 (2011).

22. M.A. Pagano, F. Meggio, M. Ruzzene, M. Andrzejewska, Z. Kazimierczuk
and L.A. Pinna, 2-Dimethylamino-4,5,6,7-tetrabromo-1H-benzimi-
dazole: A Novel Powerful and Selective Inhibitor of Protein Kinase CK2,
Biochem. Biophys. Res. Commun., 321, 1040 (2004);
https://doi.org/10.1016/j.bbrc.2004.07.067.

23. C. McBride, P. Renhowe, C. Heise, J. Jansen, G. Lapointe, S. Ma, R. Pineda,
J. Vora, M. Wiesmann and C. Shafer, Design and Structure-Activity
Relationship of 3-Benzimidazol-2-yl-1H-indazoles as Inhibitors of
Receptor Tyrosine Kinases, Bioorg. Med. Chem. Lett., 16, 3595 (2006);
https://doi.org/10.1016/j.bmcl.2006.03.069.

24. K. Starcevic, M. Kralj, K. Ester, I. Sabol, M. Grce, K. Pavelic and G.
Karminski-Zamola, Synthesis, Antiviral and Antitumor Activity of 2-
Substituted-5-amidino-benzimidazoles, Bioorg. Med. Chem., 15, 4419
(2007);
https://doi.org/10.1016/j.bmc.2007.04.032.

25. Salahuddin, M. Shaharyar, A. Mazumder and M.M. Abdullah, Synthesis,
Characterization and Antimicrobial Activity of 1,3,4-Oxadiazole bearing
1H-Benzimidazole Derivatives, Arab. J. Chem., 10, 503 (2017);
https://doi.org/10.1016/j.arabjc.2012.10.010.

26. H. Kadri, C.S. Matthews, T.D. Bradshaw, M.F.G. Stevens and A.D.
Westwell, Synthesis and Antitumour Evaluation of Novel 2-Phenyl-
benzimidazoles, J. Enzyme Inhib. Med. Chem., 23, 641 (2008);
https://doi.org/10.1080/14756360802205398.

27. M.-L. Wang and B.-L. Liu, Synthesis of 2-mercaptobenzimidazole from
the Reaction of o-Phenylene Diamine and Carbon Disulfide in the
Presence of Potassium Hydroxide, J. Chin. Inst. Chem. Eng., 38, 161
(2007);
https://doi.org/10.1016/j.jcice.2007.01.003.

Asian Journal of Organic & Medicinal Chemistry  215

https://doi.org/10.1016/S0960-894X(00)00619-3
https://doi.org/10.1016/S0014-827X(02)01218-1
https://doi.org/10.1016/S0968-0896(99)00291-6

