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Abstract: Benzimidazole and its analogs belong to important class of bioactive heterocycles in the field of medicinal chemistry. The
5,6-dimethyl-1-(a-D-ribofuranosyl)benzimidazole ring system was discovered in 1948 as an integral part of the structure of vitamin
B12. By retrosynthetic analysis we synthesized total sixteen novel benzimidazole analogs along with the synthesis of two known
benzimidazole analogs 4 and 5 precursors and two series (7a-7h and 8a-8h) of eight analogs each and screened all the synthesized
analogs for antioxidant (free radical scavenging activity) and antibacterial activity out of them only 8a with phenyl substituent and 8g
with 3,5-dinitrophenyl substituent showed the highest free radical scavenging activity with % inhibition 98.73 % and 98.91 % as
compared to standard BHT (99.24 %) at 100 pg/ml concentration. In the evaluation of antibacteraial activity it was found that all the
novel analogs (7a-7h and 8a-8h) were moderately active against all five bacterial strains viz. Agrobacterium tumefaciens (gram -ve),
Erwinia chrysanthemi (gram -ve), Xanthomonas phaseoli (gram -ve), Escherichia coli (gram -ve) and Bacillus subtilis (gram +ve)
with standard antimicrobial agent streptomycin.

IndexTerms: Antimicrobial, Antioxidant, Benzimidazole, DPPH.
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1. Introduction

Benzimidazole is one of the important nitrogen containing heterocyclic species because if its synthetic importance and
various pharmacological, medicinal and agricultural application [1]. Benzimidazole drugs, due to their structural features and electron
rich environment have ability to bind with different types of therapeutic targets. Benzimidazole is one of the oldest known nitrogen
heterocycles, first synthesized by Hoebrecker and later by Ladenberg and Wundt during 1872-1878 [2, 3]. The benzimidazole
derived alkaloids have limited occurrence in nature and only a few examples of natural products are known which have
benzimidazole basic scaffolds [4].

Benzimidazole and its analogs belong to important class of bioactive heterocycles in the field of medicinal chemistry®. They
exhibit various biological activities including antimicrobial [6], anti-inflammatory [7], antitumour [8], antiparasitic [7], antiprotozoal
[9], anti-HIV [10], anti-herpes (HSV-1) [11], antimicobacterial [12], anti-influenza [13], human cytomegalovirus (HCMV) [14],
anticonvulsant [15], antineoplastic [16], antiulcer [17], anthelmintic [18], antiproliferative [19], analgesic [20], cardiovascular
applications [21], antioxidant activity [22], anti-ischemia—reperfusion injury [23], anti-hypertension [24] and obesity [25]. They also
act as ligands for modeling biological systems of transition metals [26], asymmetric catalysis [27] and antimicrobial [28-33]. There is
special scientific interest also to develop diverse types of antioxidants for medical treatment because antioxidants are very important
for protecting living organisms against excessive reductive oxygen species (ROS) [34-37].

Literature survey revealed that none of the research group have attempted the substitution reaction at N-1 position of 4-(1H-
benzodimidazol-2-yl)-2-methoxyphenol (4) and 2-(3,5-dinitrophenyl)-1H-benzodimidazole (5). It was therefore thought worthwhile to
carry out the synthesis of C-2 substituted benzimidazoles (4) and (5). Further the substitution reactions will be done at N-1 position of
these benzimidazole analogs (4 and 5) with different substituted benzyl bromides along with evaluation of in vitro antioxidant activity
(free radical scavenging activity using DPPH) taking BHT as standard of all the synthesized compounds (7a-7h and 8a-8h). All the
synthesized compounds (7a-7h and 8a-8h) will be also screened for antibacterial activity following cup-plate method using Muller-
Hinton Agar for bacteria against standard drug streptomycin for bacteria.

2. Result and discussion

To the best of our knowledge, none of the presently synthesized benzimidazole analogs (7a-7h and 8a-8h) have been
reported in literature. We have synthesized eighteen (7a-7h and 8a-8h) new analogs so as to evaluate their antioxidant and
antimicrobial activity.

2.1. Synthesis of benzimidazole Analogs

The total syntheses of novel benzimidazole analogs 7a-7h and 8a-8h are shown in Scheme 1 and 2. The % yield, M.P. (°C)
and time required of various benzimidazole analogs are recorded in Table 1.

The structures of all benzimidazole analogs (7a-7h and 8a-8h) and all the precursors (4 and 5) were established by their
spectral data (IR, *H NMR, *C NMR and HRMS) except benzyl bromides, which were used in subsequent reactions. The detailed
descriptions are as follows:

2.2. Synthesis of 4-(1H-benzo[d]midazol-2-yl)-2-methoxyphenol (4)

The o-phenylene diamine (1) was refluxed in water in the presence of catalytic amount of conc. HCI with vanillin (2). The
reaction mixture was refluxed for 3 hrs. Usual workup afforded the respective substituted benzimidazole analogs (4) in excellent yield
(80%). (Scheme 1, Table 1)

2.3. Synthesis of 2-(3, 5-dinitrophenyl)-1H-benzo[d]imidazole (5)

The o-phenylene diamine (1) was refluxed in water in the presence of catalytic amount of conc. HCI with 3,5dinitrobenzoic
acid (3). The reaction mixture was refluxed for 4h. Usual workup afforded the respective substituted benzimidazole analogs (5)
(85%). (Scheme 1, Table 1)

2.4. Synthesis of substituted 1H-benzo[d]imidazol-2-yl (7a-7h)

The synthesized benzimidazole analog, 4 was stirred with substituted benzyl bromides (6a-6h) at room temperature in 10%
ethanolic KOH solution. The reaction mixture was stirred for 3-5 hrs. Usual workup of the reaction mixture afforded the
corresponding 1-N substituted benzimidazole analogs (7a-7h) in excellent yield (~85%). (Scheme 2, Table 1)

2.5. Synthesis of substituted 2-(3,5-dinitrophenyl)-1H-benzo[d]imidazole (8a-8h)

Similarly, another synthesized benzimidazole analog, 5 was stirred with benzyl bromide (6a-6h) at room temperature in 10%
ethanolic KOH solution. The reaction mixture was stirred for 5-8 hrs. Usual workup afforded the corresponding 1-N substituted
benzimidazole analogs (8a-8h) in excellent yield (~81%). (Scheme 3, Table 1).
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6b,7b:R1, R2=H, R; = -OBn, R4=H;

6 c,7c:R1,R,=H, R; =-0OBz, R,=H;

6 d, 7d:R1, R, R; =-OMe, R;=H;

6 e,7e:R1=H, R2 =-OMe, R; = -OBz, R,=H;

6 f,7f : R1, R, = H, R; = -OMe, R,=H;

6 9,7 9g:R1=H, R, =0Me, R;= OH, R;=Br, R;=H;

6 h,7 h: R1=-OMe, R,, R; = H, R,=H;

Scheme 2 : (i) C,H5OH, KOH, r.t., 3-6 hrs
Table 1: Benzimidazole analogs (4, 5, 7a-h, 8a-h)

S. No. | Compounds | M.P. (°C) | Yield (%) | Time (h)
1 4 160-162 80 3
2 5 177-179%8 85 4
3 Ta 183-184 85 4
4, 7b 196-198 82 3
5. 7c 230-212 80 5
6 7d 240-241 89 3
7 Te 256-157 87 4
8 7f 212-214 85 4
9. 79 264-267 84 6
10. 7h 220-223 87 4
11. 8a 203-204 81 5
12. 8b 236-138 88 6
13. 8c 242-244 83 5
14, 8d 255-258 82 7
15. 8e 270-271 87 5
16. 8f 232-234 86 4
17. 89 285-286 83 8
18. 8h 251-255 89 4
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8 d : R1, R, R3 = -OMe, R4=H;

8 e : R1 =H, R2 =-OMe, R; = -OBz, R,=H;
8f : R1, R, = H, R3 =-OMe, R4=H;

8 g : R1 =H, R, = OMe, R3= OH, R4=Br;

8 h : R1=-OMe, R,, R3 = H, R4=H;

Scheme 3 : (i) CoH5;0H, KOH, r.t., 3-7 hrs

2.6. Biological Activity

All the synthesized analogs (7a-7h and 8a-8h) were evaluated for in vitro free radical scavenging activity and anti microbial
activity.

2.6.1. Experiment 1: Determination of free radical scavenging activity by 1, 1-diphenyl-2-picrylhydrazyl (DPPH) method
(Table 2, Graph 1 and 2).

All the synthesized 4-(1H-benzo[d]midazol-2-yl)-2-methoxyphenol analogs (7a-7h) and 2-(3,5-dinitrophenyl)-1H-
benzo[d]imidazole analogs (8a-8h) were separately dissolved in methanol to prepare samples of different concentrations (1000 pg/ml,
500 pg/ml, 250 pg/ml, 100 pg/ml) each as described in material and methods (Experiment 1).

The antioxidant activity in terms of percentage of DPPH scavenging activities were determined using BHT (butylated
hydroxyl toluene) as standard, as described in materials and methods. The results are listed in Table 2 and Graph 1 and 2.

NO,
O,N
. N
S SI
NO,

(DPPH) Butylated hydroxyl toluene (BHT)

The absorbance at 517nm for free radical scavenging activity by DPPH was compared with the standard BHT at 517 nm at
four concentrations viz. 1000 pg/ml, 500 pg/ml, 250 pg/ml and 100 pg/ml. The standard BHT has shown an increase in absorbance as
the concentration decreases. The absorbance obtained for BHT at the concentrations 1000 pg/ml, 500 pg/ml, 250 pg/ml and 100 pg/ml
were 0.02, 0.0269, 0.026 and 0.0202 respectively (Table-2). Interestingly out of 16 samples (7a-7h and 8a-8h) at concentration 1000
ug/ml only one compound (7d) has shown approximately comparable value of absorption (0.0844) with the standard BHT (0.02). At
concentration 500 pg/ml, two samples (8a and 8g) have shown absorption values 0.073 and 0.082 respectively comparable with the
standard BHT (0.0269). Similarly at concentration 250 ug/ml, three samples 8a, 8c and 8g have shown absorption values 0.056, 0.042
and 0.057 respectively comparable with the standard BHT (0.026). Similarly at concentration 100 pg/ml, three samples 8d, 8f and 8g
have shown absorption values 0.059, 0.061 and 0.033 respectively comparable with the standard BHT (0.020). All the results of
absorption values at different concentrations are listed in Table 2.

The study of percentage of DPPH scavenging activity in 16 samples (7a-h and 8a-h) has also been carried out and
demonstrated that the three samples 8a, 8c and 8g have the highest value of % inhibition at concentrations 250 pg/ml (98.03, 98.56
and 98.01 respectively) and 100 pg/ml (98.73, 98.88 and 98.11 respectively) comparable with the standard BHT at concentrations 250
ug/ml (99.02) and 100 pg/ml (99.24) (Table-2, Graph-2).

Other analogs which have remarkable % of DPPH scavenging activity are 7b with % inhibition 94.98 % and 94.99 % (1000
ug/ml and 500pg/ml respectively), 7b with % inhibition 95.99 % (1000 pg/ml), 7d with % inhibition 96.83% and 96.23% (1000 pg/ml
and 500pg/ml respectively), 7g with % inhibition 94.10% (1000 pg/ml), 7h with % inhibition 94.17 % (500 pg/ml), 8d with %
inhibition 97.93% and 96.64% (250 pg/ml and 100ug/ml respectively) and 8f with % inhibition 96.35% and 97.83% (250 pg/ml and
100pg/ml respectively) (Table-2, Graph-1 and 2).

The results therefore demonstrated that the free radical scavenging activity and % inhibition are related to the concentration
of the compound and the most suitable concentration of the synthesized compounds is 100ug/ml-250 pg/ml comparable to standard
BHT.
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Graph 1: % inhibition of DPPH scavenging activity of 7(a-h)
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H 1000

Table 2: Absorbance (517 nm) and % Inhibition at different concentrations for free radical scavenging activity by DPPH in
compounds 7a-7h and 8a-8h and BHT

Concentration (ng/ml)

1000 500 250 100
Sample Absorb- 0 Absorb- 0 Absor- : Absorba- %
ance (517 | | % ance (517 % bance N nce (517 | Inhibition
nm) nhibition nm) Inhibition (517 nm), Inhibition nm)
7a 0.4509 83.1092 0.377 85.8775 0.4311 83.850 0.3102 88.37985
7b 0.134 94.9803 0.1337 94.9915 0.168 93.7066 0.2328 91.27927
7c 0.107 95.9917 0.1349 94.9466 0.1944 92.77 0.1966 92.63532
7d 0.0844 96.8383 0.1006 96.231 0.1453 94.5570 0.1466 94.50833
Te 0.2267 91.5077 0.1392 94.7855 0.2189 91.7999 0.3723 86.05357
7f 0.4121 84.5626 0.1967 92.6315 0.1612 93.9614 0.1945 92.71399
79 0.1573 94.1075 0.2753 89.6872 0.3141 88.2337 0.2244 91.59393
7h 0.1831 93.1410 0.1554 94.86 0.3262 87.7804 0.2377 91.09571
8a 0.1631 94.0381 0.073 97.4186 0.0567 98.0302 0.0378 98.73935
8b 0.347 87.1384 0.2405 91.1342 0.2457 90.9391 0.27 90.02739
8c 0.84 93.4641 0.0859 96.9346 0.0425 98.5630 0.0338 08.88943
8d 0.3249 87.9675 0.143 94.7923 0.0935 96.6495 0.0593 97.93269
8e 0.6062 77.4134 0.3327 87.6749 0.2144 92.1134 0.3882 85.59262
8f 0.44 83.6491 0.2264 91.6632 0.1014 96.3531 0.0618 97.83889
89 0.1539 94.3833 0.082 97.081 0.057 98.0189 0.0331 98.91569
8h 0.8922 66.6829 0.2982 88.9693 0.1692 93.8093 0.0995 96.42442
BHT 0.02 99.355 0.0269 98.9923 0.026 99.0260 0.0202 99.2433
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Graph 2: % inhibition of DPPH scavenging activity of 8(a-h)

2.6.2. Experiment 2: Determination of antibacterial activity of benzimidazole analogs (7a-7h and 8a-8h) (Table 3, Graph 3
and 4)

All the benzimidazole analogues (7a-7h) and (8a-8h) were evaluated for their antibacterial activity and the results are
summarized in Table 3.

Antibacterial Activity- The antibacterial activity was evaluated against five pathogenic bacterial strains viz. Agrobacterium
tumefaciens (gram -ve), Erwinia chrysanthemi (gram -ve), Xanthomonas phaseoli (gram -ve), Escherichia coli (gram -ve) and
Bacillus subtilis (gram +ve) with standard antimicrobial agent streptomycin.

The antibacterial activity was carried out against the above mentioned organisms by following the cup-plate method using
Muller-Hinton Agar medium for bacteria. The compounds were screened for their antibacterial activity at 200 pg/ml concentration
level using DMSO as solvent.

The zone of inhibitions of the synthesized compounds against five pathogenic (Gram positive and Gram negative) bacteria
are presented in Table 3.

Among all the tested compounds 7c, 7e, 7g, 8c, 8e and 8g have shown mild antibacterial activity as compared to standard
drug streptomycin (Table 3). After the evaluation of antibacterial activity the zone of inhibition for the most active compound (7e)
amongst 7a-7h was 20.67 for A. tumefaciens, 22.76 for E. chrysanthemi,15.54 for X. phaseoli, 18.35 for E. coli and 19.12 for B.
subtilis strains. Other compounds showing mild activity were 7g having zone of inhibition 19.66, 15.76, 14.55, 18.88 and 18.85 and
7¢ having zone of inhibition 18.33, 14.56, 14.87, 17.54 and 18.07 respectively for A. tumefaciens, E. chrysanthemi, X. phaseoli, E. coli
and B. subtilis strains.

Similarly amongst the series 8a-8h compound 8e was found to be most active antibacterial agent as compared to standard
drug streptomycin. The zone of inhibition for the compound 8e was 28.87 for A. tumefaciens, 27.86 for E. chrysanthemi, 19.96 for X.
phaseoli, 22.87 for E. coli and 25.74 for B. subtilis strains. Other compounds showing mild activity were 8g having zone of inhibition
27.66, 26.97, 19.88, 22.83 and 25.57 and 8c having zone of inhibition 23.54, 25.87, 18.87, 21.05 and 24.08 for A. tumefaciens, E.
chrysanthemi, X. phaseoli, E. coli and B. subtilis strains respectively.

As predicted by the SAR in general it is clear that value of zone of inhibitions were greater for compounds 8a-8h due to
presence of nitro group (electron withdrawing group) than the compounds 7a-7h bearing methoxy and phenolic group (electron
donating group) in basic scaffold of substituted benzimidazoles. The compounds 7e and 8e both bearing -OBz group (electron
withdrawing group) at 4" position and methoxy group at 3™ position of benzene ring showed higher antibacterial activity. The bromo
group at 4™ position of phenyl ring also enhances the activity in both compounds 7c and 8c thus supporting the SAR prediction that
electron withdrawing groups enhance the activity.

The graphical representations of zone of inhibition of all the tested compounds are displayed in Graph 3 and 4.
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Table 3: Antibacterial activity (Zone of inhibition)* of benzimidazole derivatives (7a-7h and 8a-8h)

Gram negative bacteria Gram Po§itive
S.No. Samples bacteria
A. tumefaciens E. chrysanthemi X. phaseoli E. coli B. subtilis
1. 7a 9.33 5.12 3.22 6.73 8.65
2. 7b 14.33 12.34 11.54 15.65 17.97
3. 7c 18.33 14.56 14.87 17.54 18.07
4. 7d 15.00 14.24 12.97 14.32 12.60
5. Te 20.67 22.76 15.54 18.35 19.12
6. 7f 12.66 13.32 8.64 13.57 14.43
7. 79 19.66 15.76 14.55 18.88 18.85
8. 7h 10.66 13.77 9.78 9.98 12.78
9. 8a 12.66 10.23 5.34 9.32 11.76
10. 8b 16.21 19.78 16.76 18.09 19.90
11. 8c 23.54 25.87 18.87 21.05 24.08
12. 8d 20.22 21.34 12.46 15.65 20.75
13. 8e 28.87 27.86 19.96 22.87 25.74
14. 8f 15.44 14.84 10.76 11.74 12.60
15. 89 27.66 26.97 19.88 22.83 25.57
16. 8h 13.67 12.43 7.76 10.94 12.35
17. #Std. 38.23 40.33 27.57 39.57 39.76

#Std. means Streptomycin (+control). All the compounds were screened at 200 pg/ml concentration

45 -

40 A B A. tumefaciens
—~ @ E. chrysanthemi
£35 A Y !
= O X. phaseoli
= 30 - m E. coli
C .

g 25 - @ B. subtilis

7a 7b 7c 7d 7e 7f 78 7h #Std.

Graph 3: Zone of inhibition for compounds 7a-7h
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Graph 4: Zone of inhibition for compounds 8a-8h

3. Experimental

Melting point was determined in a melting point apparatus. The IR spectra were recorded on a Perkin-Elmer RX-1 (4000-450
cm?) spectrophotometer using KBr pellets. 'H NMR and *C NMR (Nuclear Magnetic Resonance) spectra were recorded on Bruker
300 MHz instrument using DMSO as a solvent. Chemical shifts are reported in parts per million (ppm) using Tetramethylsilane
(TMS) as internal standard. Solvents and reagents were used without further purification, unless otherwise specified. The Positive
Electron Spray lonization (ESI) High resolution mass spectrometry of compound was recorded on Agilent 6520(Q-TOF) mass
spectrometer and mass spectrum of the isolated compounds. Ultra violet (UV) spectrum was recorded on UV-visible Double-Beam
Spectrophotometer (systronic-2203) instrument using chloroform as a solvent. The thin layer chromatography (TLCs) were visualized
in an iodine chamber and carried out on precoated silica gel plates 60 F254 or RP-18 F254 plates (Merck). TLC was carried out on
precoated silica gel plates 60 F254 (Merck) for monitoring of reactions. Spots were visualized by UV light or by iodine chamber.
Column Chromatography was performed using silica gel (230-400 and 100-200 mesh size). 1, 1-Diphenyl1-2-picryl-hydrazyl (DPPH)
was purchased from Sigma-Aldrich Merck to determine the antioxidant activity of synthesized compounds in terms of free radical
scavenging activities. o-Phenylenediamine (157), vanillin (158), 3, 5-dinitrobenzoic acid (159) and benzyl bromide (162 a) were
purchased from Sigma Aldrich Chemical Co.

3.1. Synthesis of substituted benzimidazole 4 and 5
3.1.1. Synthesis of 4-(1H-benzo[d]imidazol-2-yl)-2-methoxyphenol (4)

A mixture of o-phenylenediamine (1.08 gm, 10 mmol) (1) and vanillin (1.52 gm, 10 mmol) (2) in water (15 ml) in presence
of catalytic amount of conc. HCI was stirred for 3 hrs in an oil bath at 100°C. The progress of reaction was monitored by TLC. After
completion of reaction the reaction mixture was cooled to room temperature, solvent decanted and the residue extracted with CHCI3 (3
X 20 ml). The organic layer was dried over anhydrous Na;SOs and filtered. The residue was purified using silica gel column
chromatography using CHCIs: MeOH (98:2) as an eluent to obtain the corresponding benzimidazole analog 4 as yellowish brown
solid.Yield: 85%; IR (KBr; vmax, cm™) 3450.45 (-NH Stretching), 3196.05 (-CH Stretching), 1597.06 (C=N Stretching), 1508.33,
1436.97 (C=C Stretching), 1272.06 (C-N Stretching), 1222.42 (C-N Stretching), 1029.99 (C-O Stretching). *H (DMSO, 300 MHz; §,
ppm): 7.08-7.88 (4H, m, Ar-H, H-4, H-5, H-6, H-7), 7.55 (1H, dd, J = 8.8, Ar-H, H-14), 6.96 (1H, dd, J = 8.8, Ar-H, H-15), 7.46
(1H,s, Ar-H, H-11), 5.70 (1H, s, NH), 5.35 (1H, s, OH), 3.68 (3H, s, OCHj); **C (DMSO, 75 MHz; &, ppm): 152.98 (C-2), 148.79 (C-
13), 148.09 (C-12), 141.76 (C-8, C-9), 124.23 (C-10), 124.56 (C-15), 123.03 (C-5, C-6), 115.34 (C-14), 115.23 (C-4,C-7), 112.21 (C-
11), 56.23 (OQH3). ESI-MS m/z 241 M+H+; Mol. Formula: C14H12N202.

3.1.2.  Synthesis of 2-(3,5-dinitrophenyl)-1H-benzo[d]imidazole (5)

The compound 5 was prepared similarly as described for the synthesis of 4 by the reaction of 1 with 3, 5-dinirobenzoic acid
(3) as starting material for 4 hrs. The residue was purified using silica gel column chromatography, CHCls: MeOH (95:5) as an eluent
to obtain the corresponding benzimidazole analog 5 as dark brown solid.Yield: 80%; IR (KBr; vmax, cm™) 3400.23 (-NH Stretching),
3066.82 (-CH Stretching), 1620.34 (C=C Stretching), 1556.65 (C=N Stretching), 1544.23 (NO2 sym Stretching), 1129.58 (C-O
Stretching), 927 (N-O). *H (DMSO, 300 MHz; §, ppm): 8.97 (2H, s, Ar-H, H-11, H-15), 8.36 (1H, s, Ar-H, H-13), 7.22-7.59 (4H, m,
Ar-H, H-4, H-5, H-6, H-7), 5.05 (1H, s, NH); 3C (DMSO, 75 MHz; 8, ppm): 150.27 (C-2), 147.37 (C-12, C-14), 140.47 (C-8, C-9),
132.47 (C-10), 126.87 (C-11, C-15), 122.56 (C-5, C-6), 122.34 (C-13), 121.09 (C-4, C-7). ESI-MS m/z 285 M+H"; Mol. Formula:
C13HgN4O4.
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3.1.3.  Synthesis of 4-(1H-benzo[d]imidazol-2-yl)-2-methoxyphenol (4) analogs (7a-7h)
3.1.3.1.  4-(1-benzyl-1H-benzo[d]imidazol-2-yl)-2-methoxyphenol (7a)

In a round bottom flask, 4-(1H-benzodimidazol-2-yl)-2-methoxyphenol (4) (0.240 mg, 1mmol) in ethanol (10 ml) was stirred with
anhydrous KOH (500 mg) for 5 minutes at room temperature. Then benzyl bromide (6a) (0.5 ml) was added drop wise with the help
of pressure equalizing dropping funnel and stirred for 4 to 6 hrss. The progress of the reaction was monitored with TLC. After
completion of reaction the reaction mixture was poured in to ice cold water and then filtered. The pure compound 7a was obtained as a
yellow brown solid. Yield: 85%; IR (KBr; vma, cm?) 3146.06 (-CH Stretching), 1625.67 (C=C Stretching) 1610.50 (C=N
Stretching), 1436.97 (C=C Stretching), 1382.53 (C-N Stretching), 1272.23 (C-N Stretching), 1167.59 (C-O Stretching). *H (DMSO,
300 MHz; 8, ppm): 6.90-7.59(12H, m, Ar-H, H-5, H-6, H-7, H-4, H-11, H-14, H-15, H-17 to H-22), 5.79 (1H, s, NCH,, H-16), 5.45
(1H, s, OH), 3.83 (3H, s, OCHjs, H-23); *3C (DMSO, 75 MHz; 8, ppm): 153.96 (C-2), 148.07 (C-13), 148.02 (C-12) , 142.62 (C-8, C-
9), 137.30 (C-17), 128.64 (C-18, C-22), 127.89 (C-19, C-21), 125.70 (C-20), 124.23 (C-10), 123.09 (C-5, C-6, C-15), 119.05 (C-4, C-
7), 115.84 (C-14), 112.71 (C-11), 56.13 (OCHjs), 52.22 (C-16, N-CH,). ESI-MS m/z 331 M+H*; Mol. Formula: C2:H1sN2O,. Anal.
Calcd.: C 76.34, H5.49, N 8.48, O 9.69.

3.1.3.2.  4-(1-(4-(benzyloxy)benzyl)-1H-benzo[d]imidazol-2-yl)-2-methoxyphenol (7b)

The compound 7b was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (4) with
(6b) (0.278 mg, 1 mmol). The pure compound 7b was obtained as a brown solid. TLC Solvent System: 9:1 (CHCIlz: MeOH); Yield:
82%; IR (KBr; umax, cm™) 3156.56 (-CH Stretching), 1615.17 (C=C Stretching) 1560.12 (C=N Stretching), 1283.56 (C-N Stretching),
1262.27 (C-N Stretching), 1207.51 (C-O Stretching). 'H (DMSO, 300 MHz; 8, ppm): 6.43-7.23 (16H, m, Ar-H, H-5, H-6, H-7, H-4,
H-11, H-14, H-15, H-25 to H-29, H-18, H-19, H-21, H-22), 5.69 (1H, s, NCH,, C-16), 5.35 (1H, s, OH), 5.16(2H, s, OCH,Ph, H-23),
3.84 (3H, s, OCHs, H-30); 3C (DMSO, 75 MHz; §, ppm): 156.08 (C-20), 152.98 (C-2), 148.79(C-13), 148.09 (C-12), 141.76 (C-8, C-
9), 136.56 (C-24), 130.5 (C-17), 129.6 (C-19, C-21), 128.50 (C-27), 127.34 (C-25, C-19), 127.10 (C-26, C-28), 124.23 (C-10), 124.56
(C-15), 115.34 (C-14), 114.2, 112.21 (C-11), 70.80 (CH,Ph, C-23), 56.12 (OCHs, C-30), 50.21(C-16, N-CH,).ESI-MS m/z 437
M+H*; Mol. Formula: C2sH24N203. Anal. Calcd.: C 77.04, H 5.54, N 6.42, O 11.0.

3.1.3.3.  4-((2-(4-hydroxy-3-methoxyphenyl)-1H-benzo[d]imidazol-1-yl)methyl) phenyl benzoate (7c)

The compound 7c was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (4) with (6
c) (0.289 mg, 1 mmol). The pure compound 7c was obtained as a brown solid. TLC Solvent System: 9:1 (CHCIs: MeOH); Yield:
80%; IR (KBr; umax, cm™) 3309.89 (O-H Stretching), 3101.03 (-CH Stretching), 1756.34 (C=0 Stretching), 1596.25 (C=C Stretching)
1515.23 (C=N Stretching), 1283.56 (C-N Stretching), 1267.45(C-N), 1262.27 (C-N Stretching), 1220.32 (C-N), 1120.11 (C-O
Stretching); *H (DMSO, 300 MHz; &, ppm): 8.22 (2H, dd, J=8.4, Ar-H, ring D), 7.60 (2H, dd, J=8.4, H-19, H-21) 7.25-7.50 (12H, m,
Ar-H, H-5, H-6, H-7, H-4, H-11, H-14, H-15, H-25 to H-29), 5.79 (2H, s, NCH,, H-16), 5.35 (1H, s, OH), 3.84 (3H, s, OCHs, H-30);
13C (DMSO, 75 MHz; §, ppm): 165.23 (C=0), 153.30 (C-2), 146.40 (C-13), 141.55 (C-12), 146.45 (C-13), 146.40 (C-20), 142.40 (C-
9), 138.95 (C-8), 137.28 (C-17), 133.99 (C-24), 131.42 (C-18, C-22), 130.34 (C-19, C-21), 129.40 (C-27), 127.50 (C-28, C-26),
128.34 (C-25, C-29), 123.67 (C-10), 123.05 (C-5, C-6), 121.32 (C-15), 116.76 (C-14), 119.56 (C-4, C-7), 110.20 (C-11), 56.23
(OCHjs, C-30), 52.87(C-16, N-CHy); ESI-MS m/z 451 M+H*; Mol. Formula: C2sH2N204. Anal. Calcd.: C 74.65, H 4.92, N 6.22, O
14.21.
3.1.3.4.  2-methoxy-4-(1-(2,3,4-trimethoxybenzyl)-1H-benzo[d]imidazol-2-yl) phenol (7d)

The compound 7d was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (4) with
(6 d) (0.262 mg, 1 mmol). The pure compound 7d was obtained as a brown solid. TLC Solvent System: 9:1 (CHCI3: MeOH); Yield:
89%; IR (KBr; vma, cm?) 3359.67 (O-H Stretching), 3152.42 (-CH Stretching), 1550.27 (C=C Stretching), 1525.28 (C=N
Stretching), 1213.34 (C-N Stretching), 1267.45(C-N), 1120.11 (C-O Stretching), 1105.80 (C-O Stretching); *H (DMSO, 300 MHz; 3,
ppm): 6.90-7.59 (6H, m, Ar-H, H-5, H-6, H-7, H-4, H-14, H-15), 7.19 (1H, s, Ar-H, H-11), 6.57 (1H, d, J=7.5, Ar-H, H-21), 6.32 (1H,
d, J=7.5, H-22), 5.46 (2H, s, NCH2, H-16), 5.35 (1H, s, OH), 3.84 (12H, s, 4 x OCHj3); **C (DMSO, 75 MHz; §, ppm):153.3 (C-2),
151.4 (COCHs, C-18), 150.98(COCHgs, C-20), 148.76 (C-13), 148.56 (C-12), 142.43 (COCHas, C-20), 124.42 (C-10), 143.42 (C-9),
138.40 (C-8), 148.09 (C-12), 123.06 (C-15), 119.07 (C-4, C-7), 115.67 (C-14), 112.43 (C-11), 104.63 (C-22), 123.67 (C-17), 119.60
(C-21), 60.80 (OCHs, C-23, C-24, C-25, C-26), 56.12 (C-16, N-CH,); ESI-MS m/z 421 M+H*; Mol. Formula: Cz4H24N20s. Anal.
Calcd.: C 68.56, H 5.75, N 6.66, O 19.03.

3.1.35.  4-((2-(4-hydroxy-3-methoxyphenyl)-1H-benzo[d]imidazol-1-yl)methyl)-2-methoxyphenyl benzoate (7€)

The compound 7e was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (4) with
6e (0.321 mg, 1 mmol). The pure compound 7e was obtained as a brown solid. TLC Solvent System: 9:1 (CHClz: MeOH); Yield:
87%; IR (KBr; vma, cm?) 3289.34 (O-H Stretching), 3092.78 (-CH Stretching), 1760.60 (C=O Stretching), 1576.85 (C=C
Stretching), 1515.35 (C=N Stretching), 1223.90 (C-N Stretching), 1217.92(C-N Stretching), 1262.27 (C-O Stretching), 1220.32 (C-O
Stretching), 1120.11 (C-O Stretching); *H (DMSO, 300 MHz; §, ppm): 6.90-8.22 (15H, m, Ar-H, H-5, H-6, H-7, H-4, H-14, H-15, H-
25 to H-19), 5.59 (2H, s, NCH, H-16), 5.38 (1H, s, OH), 3.78 (6H, s, 2 x OCH3, H-30, H-31); 3C (DMSO, 75 MHz; §, ppm): 165.23
(C-23), 153.56 (C-2), 151.57 (C-OCHs, C-20), 148.79 (C-13), 148.07 (C-12), 142.43 (C-9), 142.45 (C-8), 137.81 (C-10), 135.40 (C-
19), 134.90 (C-17), 130.30 (C-27), 130.09 (C-25, C-29), 133.30 (C-24), 128.66, 124.24 (C-18), 121.78 (C-21), 123.65 (C-5, C-6),
122.50 (C-15), 119.90 (C-14), 112.80 (C-11), 109.34 (C-22), 55.89(OCHjs, C-30, C-31), 52.56(C-16, N-CHy); ESI-MS m/z 481 M+H";
Mol. Formula: Ca9H24N20s. Anal. Calcd.: C 72.49, H 5.03, N 5.03, O 16.65.
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3.1.3.6. 2-methoxy-4-(1-(4-methoxybenzyl)-1H-benzo[d]imidazol-2-yl)phenol (7f)

The compound 7f was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (4) with 6f
(0.201 mg, 1 mmol). The pure compound 7f was obtained as a brown solid. TLC Solvent System: 9:1 (CHCl3:MeOH); Yield: 85%;
IR (KBr; vmax, cm?) 3172.82 (-CH Stretching), 1566.86 (C=C Stretching), 1505.23 (C=N Stretching), 1203.93 (C-N Stretching),
1187.82(C-N Stretching), 1162.27 (C-O Stretching), 1120.32 (C-O Stretching), 1130.78 (C-O Stretching); *H (DMSO, 300 MHz; §,
ppm): 7.22-7.59 (4H, m, Ar-H, H-4, H-5, H-6, H-7), 7.19 (1H, s, Ar-H, H-11), 7.59 (2H, dd, J= 7.8, Ar-H, ring D), 7.02 (2H, dd, J=
8.6, Ar-H, ring D), 7.12 (2H, d, J= 7.8, Ar-H, H-15), 6.87 (2H, dd, J= 8.6, Ar-H, H-16), 5.79 (2H, s, NCH2, H-16), 5.39 (1H, s, OH),
3.83 (6H, s, OCHjg, H-23, H-24); 3C (DMSO, 75 MHz; §, ppm): 157.56 (C-20), 153.36 (C-2), 148.70 (C-13), 148.07 (C-12), 142.43
(C-9), 137.81 (C-8), 130.09 (C-17), 129.61 (C-18, C-22), 124.24 (C-10), 123.65 (C-15), 119.90 (C-4, (C-7), 115.80 (C-14), 114.26 (C-
19, C-26), 112.70 (C-11), 58.89 (OCHs, C-23, C-24), 56.31(C-16, N-CH>); ESI-MS m/z 361 M+H*; Mol. Formula: C22H20N20s. Anal.
Calcd.: C 73.79, H5.59, N 7.77, O 13.32.
3.1.3.7.  2-bromo-4-((2-(4-hydroxy-3-methoxyphenyl)-1H-benzo[d]imidazol-1-yl)methyl)-6-methoxyphenol (79g)

The compound 7g was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (4) with
6g (0.295 mg, 1 mmol). The pure compound 7g was obtained as a brown solid. TLC Solvent System: 9:1 (CHCI3:MeOH); Yield:
84%; IR (KBr; umax, cm™) 3001.24(-CH Stretching), 1598.99 (C=C Stretching), 1550.77 (C=N Stretching), 1282.66 (C-N Stretching),
1263.37(C-N Stretching), 1141.86 (C-O Stretching), 1099.43 (C-O Stretching), 1043.49 (C-O Stretching); H (DMSO, 300 MHz; §,
ppm): 6.75-7.45 (9H, m, Ar-H, H-5, H-6, H-7, H-4, H-14, H-15, ring D), 5.64 (2H, s, NCH2, H-16), 4.92 (1H, s, OH), 3.81 (3H, s,
OCHg, H-24), 3.79 (3H, s, OCHgs, H-23); 3C (DMSO, 75 MHz; §, ppm): 157.56 (C-OCHj;, C-21), 153.36 (C-2), 148.70 (C-13),
148.07 (C-12), 142.43 (C-9), 137.81 (C-8), 130.09 (C-OH), 129.61 (C-17), 127.59 (C-18), 127.29 (C-22), 124.24 (C-10), 123.65 (C-5,
C-6), 119.90 (C-4, C-7), 115.80 (C-14), 114.26 (C-11), 112.70 (C-Br), 58.89(0OCHjs, C-23, C-24), 56.31(C-16, N-CH,); ESI-MS m/z
456 M+H"*; Mol. Formula: C22H19BrN2O4. Anal. Calcd.: C 58.04, H 4.21, Br 17.55, N 6.15, O 14.06.
3.1.3.8.  2-methoxy-4-(1-(2-methoxybenzyl)-1H-benzo[d]imidazol-2-yl)phenol (7h)

The compound 7h was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (4) with
6h (0.201 mg, 1 mmol). The pure compound 7 h was obtained as a brown solid. TLC Solvent System: 9:1 (CHCI;:MeOH); Yield:
87%; IR (KBr; vma, cm?) 2999.31 (-CH Stretching), 1599.62 (C=C Stretching), 1500.62 (C=N Stretching), 1282.66 (C-N
Stretching), 1274.95 (C-N Stretching), 1246.02 (C-O Stretching), 1122.57 (C-O Stretching), 1029.99 (C-O Stretching); *H (DMSO,
300 MHz; 6, ppm): 6.36-7.88 (11H, m, Ar-H, Ar-H, H-5, H-6, H-7, H-4, H-14, H-15, ring D), 5.44 (2H, s, NCH2, H-16), 5.32 (1H, s,
OH), 3.82 (6H, s, 2 x OCHs); 3C (DMSO, 75 MHz; 8, ppm):155.36 (C-OCHj;, C-18), 148.66 (C-2),146.30 (C-13), 132.75 (C-12),
130.78 (C-8), 130.16 (C-9), 128.33 (C-17), 127.65 (C-19, C-21), 122.49 (C-10), 119.31 (C-4, C-7), 118.97 (C-15, C-6, C-6), 116.01
(C-14), 111.35 (C-20), 111.13 (C-22), 110.93 (C-11), 55.91(OCHjs, C-23), 55.53 (OCHs, C-24), 47.79 (C-16, N-CH.); HRMS m/z 378
M+NHz*; Mol. Formula: C22H20N20s. Anal. Caled.: C 73.32, H 5.59, N 7.77, O 13.32.

3.1.4. Synthesis of 2-(3,5-dinitrophenyl)-1H-benzo[d]imidazole (5) analogs (8a-8h)
3.1.4.1.  1-benzyl-2-(3,5-dinitrophenyl)-1H-benzo[d]imidazole (8a)

The compound 8a was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (5) with (6
a) (0.5 ml). The pure compound 8a was obtained as a brown solid. TLC Solvent System: 8:2 (CHCIl3:MeOH); Yield: 81%; IR (KBr;
Umax, M) 3109.29 (C-H Stretching), 1610.04 (C=C Stretching), 1565.34 (C=N Stretching), 1534.53 (NO, sym Stretching), 1257.47
(C-N Stretching); H (DMSO, 300 MHz; &, ppm): 9.04 (2H, s, Ar-H, H-11, H-15), 8.72 (1H, s, Ar-H, H-13), 7.22-7.69 (9H, m, Ar-H,
H-4, H-5, H-6, H-7, ring D), 5.49 (2H, s, NCH>, H-16). **C (DMSO, 75 MHz; §, ppm): 155.32 (C-2), 150.27 (C-12, C-14), 140.45 (C-
9), 137.78 (C-8), 137.32, 132.40 (C-10), 128.66 (C-18, C-22), 127.87 (C-19, C-21), 125.79 (C-20), 123.04 (C-5, C-6), 119.56 (C-4, C-
7), 129.08 (C-11, C-15), 118.07 (C-13), 52.23 (C-16). ESI-MS m/z 375 M+H*; Mol. Formula: C20H14N4Os4. Anal. Calcd.: C 64.17, H
3.77,N 14.97, O 17.10.
3.1.4.2.  1-(4-(benzyloxy)benzyl)-2-(3,5-dinitrophenyl)-1H-benzo[d]imidazole (8b)

The compound 8b was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (5) with
(6b) (0.278 mg, 1 mmol). The pure compound 8b was obtained as a brown solid. TLC Solvent System: 8:2 (CHCl3:MeOH); Yield:
88%; IR (KBr; vmax, cm?) 3110.20 (C-H Stretching), 1612.23 (C=C Stretching), 1545.12 (C=N Stretching), 1530.03 (NO, sym
Stretching), 1260.34 (C-N Stretching),1220.40(C-O Stretching); *H (DMSO, 300 MHz; §, ppm): 9.04 (2H, s, Ar-H, H-11, H-15), 8.72
(1H, s, Ar-H, H-13), 6.87-7.59 (13H, m, Ar-H, H-4, H-5, H-6, H-7, ring D, OBn), 5.59 (2H, s, NCH,, H-16), 5.29 (2H, s, CH,,
OCHPh); 3C (DMSO, 75 MHz; §, ppm):156.07 (C-20), 153.23 (C-2), 149.34 (C-12, C-14), 142.42 (C-9), 137.89 (C-8), 136.57 (C-
24), 132.43 (C-10), 127.65 (C-27), 128.99 (C-25, C-29), 127.19 (C-26, C-28), 130.09 (C-17), 128.97 (C-18, C-22), 126.64 (C-15, C-
11), 123.09 (C-5, C-6), 119.53 (C-4, C-7), 118.06 (C-13), 114.24 (C-19, C-21), 70.12 (OCH,Ph, C-23), 52.43 (C-16); ESI-MS m/z
481 M+H"; Mol. Formula: C»7H20N4Os. Anal. Calcd.: C 67.49, H 4.20, N 11.66, O 16.65.

3.1.4.3.  4-((2-(3,5-dinitrophenyl)-1H-benzo[d]imidazol-1-yl)methyl)phenyl benzoate (8c)

The compound 8c was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (5) with (6
c) (0.278 mg, 1 mmol). The pure compound 8c was obtained as a brown solid. TLC Solvent System: 8:2 (CHCI3:MeOH); Yield: 83%;
IR (KBr; vmax, cm?) 3108.24 (C-H Stretching), 1735.76 (C=0), 1605.29 (C=C), 1592.23 (C=C Stretching), 1555.52 (C=N
Stretching), 1532.83 (NO sym Stretching), 1243.67 (C-N Stretching), 1210.40(C-O Stretching); *H (DMSO, 300 MHz; &, ppm): 9.04
(2H, s, Ar-H, H-11, H-15), 8.72 (1H, s, Ar-H, H-13), 7.24-8.22 (9H, m, Ar-H, ring D, OBz), 7.25-7.30(6H, s, Ar-H, H-4, H-5, H-6, H-
7), 5.59 (2H, s, NCH,, H-16); 3C (DMSO, 75 MHz; 8, ppm):165.21(C-23), 156.07 (C-20), 153.23 (C-2), 149.34 (C-12, C-14), 142.42
(C-9), 137.89 (C-8), 136.57 (C-17), 133.95 (C-24), 132.43 (C-10), 131.57 (C-27), 121.57(C-19, C-21), 130.09 (C-18, C-22), 128.97
(C-25, C-29), 128.05 (C-26, C-28), 123.34 (C-5, C-6), 121.57 (C-19, C-21), 121.09 (C-15, C-11), 119.53 (C-4, C-7), 118.06 (C-13),
52.43 (C-16); ESI-MS m/z 495 M+H"; Mol. Formula: C27H1sN4Os. Anal. Calcd.: C 65.59, H 3.67, N 11.33, O 19.41.
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3.1.44. 2-(3,5-dinitrophenyl)-1-(2,3,4-trimethoxybenzyl)-1H-benzo[d]imidazole (8d)

The compound 8d was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (5) with
(6 d) (0.289 mg, 1 mmol). The pure compound 8d was obtained as a brown solid. TLC Solvent System: 8:2 (CHCIl3:MeOH); Yield:
82%; IR (KBr; vmax, cm™): 1600.26 (C=C), 1574.54 (C=C Stretching), 1530.50 (C=N Stretching), 1542.52 (NO, sym Stretching),
1212.90 (C-N Stretching), 1210.40(C-O Stretching), 1150.75 (C-0); *H (DMSO, 300 MHz; &, ppm): 9.04 (2H, s, Ar-H, H-11, H-15),
8.72 (1H, s, Ar-H, H-13), 7.22-7.56(4H, m, Ar-H, H-4, H-5, H-6, H-7), 6.57(1H, d, J=7.6, Ar-H, ring D), 6.32(1H, d, J=7.6, Ar-H,
ring D), 5.46 (2H, s, NCH;, H-16), 3.83(9H, s, 3 x O-CH3 H-23, H-24, H-25); 13C (DMSO, 75 MHz; &, ppm):153.78 (C-2), 151.27 (C-
OCHjs, C-18), 150.09 (C-OCH3C-20), 149.35 (C-12, C-14), 142.48 (C-OCHg), 142.32 (C-9), 137.86 (C-8), 132.45 (C-10), 128.98 (C-
11, C-15), 123.34 (C-5, C-6), 123.03 (C-17), 119.58 (C-4, C-7), 119.05 (C-22), 118.03 (C-13), 104.67 (C-21), 60.80 (2 x OCHs, C-23,
C-24), 56.30 (OCHjs, C-25), 46.76 (C-16); ESI-MS m/z 465 M+H*; Mol. Formula: Cz3H20N4O7. Anal. Calcd.: C 59.48, H 4.34, N
12.06, O 24.11.

3.1.45.  4-((2-(3,5-dinitrophenyl)-1H-benzo[d]imidazol-1-yl)methyl)-2-methoxyphenyl benzoate (8e)

The compound 8e was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (5) with 6e (0.321
mg, 1 mmol). The pure compound 8e was obtained as a brown solid. TLC Solvent System: 8:2 (CHCI;:MeOH); Yield: 87%; IR (KBr;
Umax, CM1): 3118.24 (C-H Stretching), 1745.56 (C=0), 1615.19 (C=C), 1592.23 (C=C Stretching), 1545.22 (C=N Stretching), 1542.83
(NO; sym Stretching), 1258.46 (C-N Stretching),1120. 04 (C-O Stretching); *H (DMSO, 300 MHz; §, ppm): 9.04 (2H, s, Ar-H, H-11,
H-15), 8.72 (1H, s, Ar-H, H-13), 7.22-8.23 (12H, m, Ar-H, ring D, OBz, H-4, H-5, H-6, H-7), 3.83 (3H, s, OCHj, H-30), 5.79 (2H, s,
NCH;, H-16); 3C (DMSO, 75 MHz; §, ppm):165.21 (C-30), 156.07 (C-2), 153.23 (C-OCHj3, C-20), 149.34 (C-12, C-14), 142.42 (C-
9), 137.89 (C-8), 136.57 (C-19), 132.43 (C-17), 133.95 (C-24), 132.49 (C-10), 130.29 (C-27), 130.09 (C-25, C-29), 128.97 (C-26, C-
28), 128.57 (C-11, C-15), 123.34, 123.05 (C-5, C-6), 121.09 (C-18, C-22), 119.53 (C-4, C-7), 118.06 (C-13), 109.35 (C-21), 55.88 (C-
30), 52.43 (C-16) ;ESI-MS m/z 525 M+H"*; Mol. Formula: C2sH20N4O7. Anal. Calcd.: C 64.12, H 3.84, N 10.68, O 21.35.

3.1.4.6. 2-(3,5-dinitrophenyl)-1-(4-methoxybenzyl)-1H-benzo[d]imidazole (8 f)

The compound 8f was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (5) with 6f
(0.201 mg, 1 mmol). The pure compound 8f was obtained as a brown solid. TLC Solvent System: 8:2 (CHCl;:MeOH); Yield: 86%;
IR (KBr; vmax, cmt) 3115.25 (C-H Stretching), 1612.23 (C=C Stretching), 1545.12 (C=N Stretching), 1533.43 (NO, sym Stretching),
1238.32 (C-N Stretching), 1224.47(C-0 Stretching); *H (DMSO, 300 MHz; §, ppm): 9.04 (2H, s, Ar-H, H-11, H-15), 8.72 (1H, s, Ar-
H, H-13), 7.22-7.33 (4H, m, Ar-H, H-4, H-5, H-6, H-7), 7.12 (2H, dd, J=8.6, Ar-H, ring D), 6.87 (2H, dd, J=8.6, Ar-H, ring D), 5.79
(2H, s, NCH, C-16), 3.83 (3H, s, OCHs, H-23); **C (DMSO, 75 MHz; 3, ppm): 157.89 (C-OCHs, C-20), 153.33 (C-2), 149.34 (C-12,
C-14), 142.42 (C-9), 137.89 (C-8), 132.56 (C-17), 130.43 (C-18, C-22), 129.09 (C-19, C-21), 128.97 (C-11, C-15), 123.09 (C-5, C-6),
119.53 (C-4, C-7), 118.06 (C-13), 114.27, 58.34 (OCHs, C-23), 52.43 (C-16); ESI-MS m/z 405 [M+H]*; Mol. Formula: C21H1sN4Os.
Anal. Calcd.: C 62.37, H 3.99, N 13.86, O 19.78.
3.1.4.7.  2-bromo-4-((2-(3,5-dinitrophenyl)-1H-benzo[d]imidazol-1-yl)methyl)-6-methoxyphenol (8g)

The compound 8g was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (5) with
6g (0.295 mg, 1 mmol). The pure compound 8g was obtained as a brown solid. TLC Solvent System: 8:2 (CHCl3;:MeOH); Yield:
83%; IR (KBr; umax, cm™) 3303.57 (O-H), 3155.25 (C-H Stretching), 1614.27 (C=C Stretching), 1549.82 (C=N Stretching), 1538.23
(NO, sym Stretching), 1235.89 (C-N Stretching), 1224.47(C-O Stretching), 720.54 (C-Br); *H (DMSO, 300 MHz; §, ppm): 9.04 (2H,
s, Ar-H, H-11, H-15), 8.72 (1H, s, Ar-H, H-13), 7.22-7.33 (4H, m, Ar-H, H-4, H-5, H-6, H-7), 6.77 (2H, s, Ar-H, ring D), 5.79 (2H, s,
NCH,, H-16), 5.35 (1H, s, OH), 3.82 (3H, s, OCHj3, H-23); 3C (DMSO, 75 MHz; §, ppm): 152.33 (C-OCHj;, C-21), 149.34 (C-2),
143.67 (C-12, C-14), 142.42 (C-OH), 142.03 (C-9), 138.89 (C-8), 132.43 (C-10), 132.05 (C-17), 138.87 (C-20), 128.09 (C-11, C-15),
127.97 (C-18), 123.09 (C-5, C-6), 119.53 (C-4, C-7), 118.06 (C-13), 111.78 (C-Br, C-19), 109.42 (C-22), 58.84 (OCHs, C-23), 51.13
(C-16); ESI-MS m/z 500 M+H*; Mol. Formula: C21H15BrN4Os. Anal. Calcd.: C 50.52, H 3.03, N 11.22, O 19.23, Br 16.00.
3.1.4.8.  2-(3,5-dinitrophenyl)-1-(2-methoxybenzyl)-1H benzo[d]imidazole (8 h)

The compound 8h was prepared in a similar manner as described earlier for the synthesis of (7a) by the reaction of (5) with
6h (0.201 mg, 1 mmol). The pure compound 8h was obtained as a brown solid. TLC Solvent System: 8:2 (CHCI3:MeOH); Yield:
89%; IR (KBr; vmax, cm?) 3115.25 (C-H Stretching), 1612.23 (C=C Stretching), 1545.12 (C=N Stretching), 1533.43 (NO2 sym
Stretching), 1260.62 (C-N Stretching), 1224.47(C-O Stretching); 'H (DMSO, 300 MHz; §, ppm): 9.04 (2H, s, Ar-H, H-11, H-15),
8.72 (1H, s, Ar-H, H-13), 6.48-7.19 (8H, m, Ar-H, H-4, H-5, H-6, H-7, Ring D), 5.49 (2H, s, NCH>, H-16), 3.83 (3H, s, OCHj3, H-23);
13C (DMSO, 75 MHz; §, ppm): 158.89 (C-OCHs, C-18), 153.33 (C-2), 149.34 (C-12, C-14), 142.42 (C-9), 137.89 (C-8), 130.43 (C-
10), 129.09 (C-11, C-15), 128.97 (C-17), 126.70 (C-19), 125.78 (C-21), 123.09 (C-5, C-6), 120.99 (C-20), 119.53 (C-4, C-7), 118.28
(C-13), 112.06 C-22), 56.34 (OCHs;, C-23), 46.43 (C-16); ESI-MS m/z 405 M+H*; Mol. Formula: C21H1sN4Os. Anal. Calcd.: C 62.37,
H 3.99, N 13.86, O 19.78.

3.2. Biological activity
Experiment 1: Determination of free radical scavenging activity by 1, 1-diphenyl-2-picrylhydrazyl (DPPH) method

When a solution of DPPH is mixed with that of a substrate that can donate a hydrogen atom, then this in order to evaluate the
antioxidant potential through free radical scavenging by the test samples, the change in optical density of DPPH radicals is monitored
at 517 nm. A control was prepared by dissolving DPPH (7.89 mg, 0.2 mM) in 100 ml ethanol instead of samples. Then the solution
was kept in dark for 2 hrs. Sample solutions were prepared by dissolving 3mg of each sample in 3 ml of methanol separately. 1ml of
0.2 mM DPPH methanolic solution was mixed with 3ml of each sample solutions of various concentrations (100pg/ml, 250ug/ml,
500pg/ml and 1000pg/ml) separately. The mixture was left in the dark for 30 min before its absorbance was rerecorded by at UV
spectrophotometer 517 nm. Standard solution of BHT was prepared by dissolving 10 mg of BHT in 10 ml of methanol (1000 ppm)
and then diluted it to prepare the different concentration (100pug/ml, 250pg/ml, 500pg/ml and 1000pg/ml) solutions. The DPPH radical
scavenging activity (%) was calculated using the following formula.
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A A

control ~ “*sample

x 100

DPPH radical scavenging activity (%) =
A

control

Where, Acontrol Was the absorbance of the control and Asampie Was the absorbance in the presence of the sample.

Experiment 2: Determination of antimicrobial activity
All glass apparatus were sterilized in hot air oven at 160°C for 1 hour 15 g of Muller-Hinton Agar and 32.5g of Sabouraud Dextrose
Agar for bacteria were separately dissolved in 500 ml of distilled water by heating on water bath. The medium (100 ml) each was
distributed, in 4 conical flasks and plugged with cotton, sterilized by autoclaving at 15-lbs/sq inch. pressure at 121°C for a period of
15 minutes. After cooling the media to 45°C, 1 ml of the 48 hours broth culture of stain was inoculated into each of the 4 different
conical flasks. The medium was shaken thoroughly and distributed on petridishes (100 ml each). It was kept aside for some time for
solidification and cups were made with sterile cork borer (internal diameter 6mm). Nine cups were made in each petridish and 0.2 ml
of the test compounds solutions were added. To each plate 0.2 ml of the standard drug solution and control solution were also added.
All the dilutions were made by using DMSO. Plates were kept at room temperature for 2 hours for diffusion and then plates were
incubated for 16 hours at 37°C for bacteria. The zones of inhibition were measured at the end of stipulated time. The results obtained
are recorded in Table 3.
4. Conclusion

We have synthesized total sixteen novel benzimidazole analogs along with the synthesis of two known benzimidazole
analogs 4 and 5 precursors. We have synthesized the two series (7a-7h and 8a-8h) of eight analogs each and screened all the
synthesized analogs for antioxidant (free radical scavenging activity) and antibacterial activity.The biological studies revealed that out
of all synthesized analogs only 8a with phenyl substituent and 8g with 3,5-dinitrophenyl substituent showed the highest free radical
scavenging activity with % inhibition 98.73 % and 98.91 % as compared to standard BHT (99.24 %) at 100 pg/ml concentration. In
the evaluation of antibacteraial activity it was found that all the novel analogs (7a-7h and 8a-8h) were moderately active against
bacterial strains.
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NS 2048

DS 4

SWH 18028.846 Hz
FIDRES 0.275098 Hz
AQ 1.8175317 sec
RG 199.93

DR 27.733 usec
DE 6.50 usec
TE 294.2 K

D1 2.00000000 sec
D1l 0.03000000 sec
TDO 1
======== CHANNEL fl ===ssss=
SFO1 75.5079867 MHz
NUC1 13C

Pl 9.50 usec
PLW1 34.00000000 w

CHANNEL f2
SFO2 300.2612010 MHz
NUC2 1H
CPDPRG[2 waltzié
PCPD2 90.00 usec
PLW2 8.89999962 W
PLW12 0.19877000 W
PLW13 0.16100000 W
F2 - Processing parameters
SI
SF 75.5004371 MHz
WDW EM
SSB ]
LB 1.00 Hz
GB 0
BC 1.40
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13C NMR Spectra of 7h
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Sample Name Dr. Sudha Jain(810) Position Vial 2 Instrument Name Instrument 1 User Name

nj Vol

2 InjPosition SampleType Sample IRM Calibration Status

Success
Data Filename BVBF-8.d ACQ Method ISOCRATIC.m Comment Acquired Time 5/}6/2019 11:4?322 AM

x10
6.

I
b

4.

2
[

a0n 00

5h @

0000 Aaas
ONDMOO=NALO®
o T il

4 [TESI Scan (0.3-0.5 min, 15 Scans) Frag=175.0V BVBF-8.d Subtract
.8 2
=
5

rowoNd

ooaN

a

2410986

—260.1289

+-421.20%6
4811882

31 1589769

L -
200 250 300 350 400 450 500 55 600

o 650 700 750 800 850 900 950
Counts vs. Mass-to-Charge (m/z)

Mass Spectra of 7h
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IR spectra of 7h
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