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ABSTRACT

A new series of N-[4-(1H-benzimidazol-2-yl)-phenyl]-3-(substituted)-acryl amide
(chalcones) derivatives were synthesized by condensation of p-amino benzoic acid and o-
phenylene diamine. Further the acetylated product of benzimidazole derivatives undergoes
Claisen-Schimdt condensation with aryl aldehydes to produce corresponding chalcones. The
structures of synthesized compounds were characterized by FT-IR, 'H NMR and ESI-MS
spectral data. The in-vitro biological activities of the test compounds (5a-5j) were screened
for antimicrobial, antifungal, antioxidant and anthelmintic activities. Among the compounds
5a, 5d and 5g showed more significant antimicrobial activity, antifungal, antioxidant and
anthelmintic. By docking on to PDB ID: 1A9U and 3FLY, confirmed that 5a, 5d and 5g
possess higher anthelmintic activity. The in-vitro antioxidant activity was evaluated by
DPPH. All the synthesized compounds have shown free radical scavenging and anthelmintic
activity in dose dependent manner.

KEYWORDS: Benzimidazole, Docking, Antimicrobial, Antioxidant, Anthelmintic activity.

INTRODUCTION:

The benzimidazole nucleus which is a useful structure for research and development of new
pharmaceutical molecules has received much attention in the last decade. The benzimidazole
still remain one of the most versatile classes of compounds, therefore are useful substructures
for further molecular exploration'. They exhibit a wide range of biological activities and this
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molecule is a constituent of vitamin-Bi2". Literature review revealed that benzimidazole,
possess diverse chemotherapeutic activities such as antimicrobial ™", antiviral""', anti-HIV"",
anti-mycobacterial',  anticancer™,  anti-inflammatory®, and  anticonvulsant".
Benzimidazole is a potent inhibitor of PARP-1 and PARP-2 that is currently under
development by KuDOS Pharmaceuticals®. These are a relatively new class of
benzodiazepine receptor ligands that range in efficacy from antagonist to full agonist*V.
Additional analogs have displayed inhibitory activity against EGFR, VEGFR-2 and PDGFR
kinase inhibitors®. Well known examples of approved benzimidazole-based drugs like
omeprazole (Prilosec, a proton-pump inhibitor)*!, candesertan (anti-hypertensive, an
angiotensin 1l receptor antagonist)™", mebendazole (treatment of worm infestations)*'" and
astemizole (non-sedative anti-histamine)*™.

Owing to the immense important and varied biological activities exhibited by the
benzimidazole, it was aimed in our present investigation to design and synthesize some novel
benzimidazole (5a-5j) derivatives as depicted in Scheme. In this context we have prepared a
series of N-[4-(1H-Benzimidazol-2-yl)-phenyl]-3-(substituted) acrylamide derivatives by
condensation and cyclization of o-phenylene diamine with p-amino benzoic acid. Further the
acetylated product was treated with different aryl aldehydes to give the titled compounds.
These synthesized compounds were evaluated for their in-vitro biological activities.

EXPERIMENTAL SECTION:

The IR spectra of the compounds were recorded on Perkin-Elmer 1600
spectrophotometer, FT-IR spectrometer using KBr disc. *H NMR was recorded on Bruker
advance-300 MHz instrument using TMS as an internal standard (chemical shifts in 8, ppm).
Mass spectra were recorded on LC-MSD-Trap-SL using ESI-MS method. The purity of the
compounds was checked on silica gel-coated aluminum sheets by thin-layer chromatography.
Melting points (m.p.) were determined in open capillaries, using Toshniwal melting point
apparatus, expressed in °C and are uncorrected. Column chromatography was performed by
using Qualigen’s silica gel for column chromatography (60—120 mesh). All the solvents were
AR grade and were distilled before use. Indole-3-carboxyaldehyde was obtained from Merck
(India). All substituted aldehydes were purchased from Sd. Fine Chemicals. Fluconazole and
streptomycin were purchase from Himedia (Mumbai, India). DPPH (a,c-diphenyl-B-picryl
hydrazyl) was purchased from Sigma Chemical Company (St. Louis, MO, USA) and H:0>
from Merck, India. The standard cultures of test microorganisms were obtained from
Department of Microbiology, Kakatiya University, Warangal, Telangana, India.
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Reagents: (a) 4N HCI, ag NaHCOs; (b) CHCI3, Ac20, (c) KOH, Ethanol, substituted

aldehydes.
Chemistry:
General procedure for Synthesis of 2-(4-aminophenyl) benzimidazole (3):
2-(4-aminophenyl) benzimidazole (3) was synthesized by the condensation of (0.01 mol) o-
phenylene diamine and (0.01 mol) p-amino benzoic acid in 40 ml 4(N) Hydrochloric acid and
refluxed for 4 hrs, then cooled at room temperature. The pH was adjusted to 7.2 using sodium
hydroxide pellets. The resulting solid was filtered and washed with water, dried in vacuum
and recrystallized with methanol™. The completion of the reaction was monitored by thin
layer chromatography using solvent system chloroform: methanol. The yield of 2-(4-
aminophenyl) benzimidazole was found to be 78.5%.
Synthesis of N-(4-(1H-benzo[d]imidazol-2-yl) phenyl) acetamide (4):

Dissolve 0.01 mol of 2-(4-aminophenyl) benzimidazole (3) in chloroform (50 ml) and
acetic anhydride (0.01 mol) was added drop wise with constant stirring at 5 to 10°C. The
reaction mixture was stirred for 4 hrs. The excess solvent was distilled off and the solid
product was filtered, dried and recrystallized from ethanol to give N-(4-(1H-
benzo[d]imidazol-2-yl) phenyl) acetamide.

Synthesis of Benzimidazolyl chalcones Derivatives (5a-5j):

Dissolve 0.01 mol of N-(4-(1H-benzo[d]imidazol-2-yl) phenyl) acetamide (4) in

ethanol (30 ml) and various aromatic aldehydes (0.01 mol) were taken and then an aqueous
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solution of KOH (2%, 5 ml) added to it. The reaction mixture was refluxed for 5 hrs and then
the excess solvent was removed by vacuum distillation and then it was poured into crushed
ice and acidified with dilute HCI. The solid separated was filtered and recrystallized by using
ethanol.

N-[4-(1H-benzimidazol-2-yl)-phenyl]-3-(1H-indol-3yl)-acrylamide (5a):

M.F:  CaH20N40, M Wt: 380.44, % yield 76 %, 156-158°C; IR, cm™ (KBr):3395 cm™* (-NH
str), 3112cm™ (-NH), 3060-2900cm™ (-CH str, Ar), 1699 cm™ (C=0 str), 1647 cm™? (-
CH=CH-), 1594 cm™* (-NH),1433cm™ (C=N str), 1331,1293cm* (C-N str), 990-860
cm? (-NH). 'H NMR, & ppm data (DMSO-dg):810.5 (s, 1H, -NH), 810.1 (d, 1H, -NH ,
indole), 89.30 (s, 1H, - NH-C=0), §7.55 (d, 1H, -CH=CH), 57.46-7.70 (d, 4H), §7.26-7.70
(m, 4H), 87.00 (m, 4H, indole), 56.84 (d, 1H, -CH=CH). Mass (ESI-MS): m/z 377
(M*,100%), 378(M+1, 30%).
N-[4-(1H-benzimidazol-2yl)-phenyl]-3-(3-nitro-phenyl)-acrylamide (5b):

M.F:  CzH1sNsOs, M.Wt: 384.38, % yield 77 %, mp. 136-138°C; IR, cm™ (KBr):3395 cm'?
(-NH str), 3112 (-NH), 3060-2900 (C-H str, Ar), 1699 (C=0 str), 1660-1640 (-CH=CH-),
1620-1590 (-NH), 1620-1535 (-NO2), 1620-1430(C=N str), 1600,1610 (-C=C-,Ar), 1375-
1275 (sym,-NOy), 764 & 694 (Ar-H) . *H-NMR (DMSO) & ppm: 10.6-11.3 (s, 1H, -NH),
8.33-9.38 (s, 1H, -NH-C=0), 7.47-8.23 (d, 4H,Ar-H), 67.46-7.70 (d, 4H, Ar-H), 67.26-7.70
(m, 4H), 87.09 &7.66 (d, 1H,-CH=CH). Mass (ESI-MS): m/z 384 (M*, 100%), 385 (M+1,
24.8%).

N-[4-(1H-benzo[d]imidazol-2-yl) phenyl ]-3-(thiophen-2-yl)acrylamide (5c):

M.F:  CzHi1sN3OS, M. Wt: 345.41, % yield 89 %, mp. 126-128°C; IR, cm™ (KBr): 3320 (-
NH str), 3210 (-NH), 3090 (C-H str, Ar), 1700 (C=0 str), 1660-1650 (-CH=CH-), 1620-1535
(-NO2), 1640-1430(C=N str), 1600,1610 (-C=C-,Ar), 1375-1275 (sym,-NO2), 740 & 690 (Ar-
H). *H-NMR (DMSO) & ppm: 11.20 (s, 1H, -NH-C=0), 10.6 (s, 1H, -NH), 7.32-8.05 (d, 4H,
Ar-H), 67.46-7.70 (d, 4H, Ar-H), §7.26-7.70 (m, 4H), 87.10 (d, 1H,-CH=CH), §7.55 (d, 1H,-
CH=CH). Mass (ESI-MS): m/z 384 (M*, 100%), 385 (M+1, 24.8%).
N-[4-(1H-benzimidazol-2-yl)-phenyl]-3-(4-dimethylamino-phenyl)-acrylamide (5d):

M.F: CasH22N4O, M. Wt: 382.45, % vyield 84 %, mp. 156-157°C; IR, cm™ (KBr):3395 cm
(N-H str in -NH-C=0), 3112cm™ (N-H in ring), 3060-2900cm™ (C-H str in Ar), 2853 cm"
12808 cm™ (C-H str in —CHs), 1699 cm™ (C=0 str), 1620-1590 cm™ (N-H bend), 1620-1430
cm® (C=N str in ring), 1586 cm™ (-CH=CH-), 1585,1555,1527 cm™* (-C=C- in Ar), 1365 cm*
(C-H out of plane), 855 cm™ (Ar-H). 'H NMR, dppm (DMSO- dg): 10.9 (s, 1H, -NH), 8.54
(s, 1H, -NH-C=0), 7.55 (d, 1H, -CH=CH), 7.46-7.70 (d, 4H,Ar-H), 7.26-7.70 (m, 4H), 6.84
(d, 1H, -CH=CH), 6.54-7.12 (d, 4H, Ar-H), 2.85 (s, 3H, -NCHz). Mass (ESI-MS): m/z 382
(M*, 100%), 383 (M+1,28%).
N-[4-(1H-benzimidazol-2-yl)-phenyl]-3-(3,4-dimethoxy-phenyl)-acrylamide (5e):

M.F: C24H21N303, M. Wt: 399.44, % yield 91 %, mp. 172-174°C; IR, cm™* (KBr):3415cm™(-
NH ), 3395 (-NH), 3060-2900 (C-H str), 2845 (C-H str, -OCHj3), 1670 (C=0 str), 1620-1590
(-NH), 1620-1430 (C=N, str),1586 (-CH=CH-), 1585, 1550, (-C=C-, Ar), 1275,1021 (C-
O-C str), 840-960(Ar-H), 607(Ar-H).!H NMR, & ppm (DMSO- ds): 11.3 (s, 1H, -NH),9.36 (s,
1H, -NH-C=0), 7.55 (d, 1H, -CH=CH),7.46-7.70 (d, 4H, Ar-H), 7.26-7.70 (m, 4H),6.84 (d,
1H, -CH=CH), 6.61-6.75 (m, 3H, Ar-H), 3.73 (s, 3H, -OCHs). Mass (ESI-MS): m/z 399 (M",
100%), 400 (M+1,28%).
N-[4-(1H-benzimidazol-2-yl)-phenyl]-3-(4-chloro-phenyl)-acrylamide (5f):

M.F: C22H16CIN3O, M. Wt: 373.83, % yield 89 %, mp. 129-131°C; IR,cm™ (KBr): 3395 (-NH
str), 3112 (-NH), 3060-2900 (C-H str, Ar), 1670 (C=0 str), 1620-1590 (-NH), 1620-1430
(C=N), 1586 (-CH=CH-), 1585,1555,1527 (-C=C-, Ar), 750&690(Ar-H), 633 (C-Cl). H
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NMR, 6 ppm (DMSO- dg):10.6 (s, 1H, -NH),9.56 (s, 1H, -NH-C=0), 7.55 (d, 1H, -CH=CH),
7.46-7.70 (d, 4H,Ar-H), 7.26-7.70 (m, 4H),7.22-7.24 (d, 4H, Ar-H), 6.84 (d, 1H, -CH=CH).
Mass (ESI-MS): m/z 373 (M, 100%), 375 (M+1, 28%).
N-(4-(1H-benzoimidazol-2-yl)phenyl)-3-(4-hydroxy-3-methoxyphenyl)acrylamide (59):
M.F: C23H1gN3O3, M. Wt: 385.41, % yield 78 %, mp. 133-135°C; IR,cm™ (KBr): 3400 -
3380(-NH str), 3130-3070 (C-H str, Ar), 3570-3200 (-OH, broad), 2830 (CHz-O-,str), 1680
(C=0 str), 1620-1590 (-NH), 1509-1610 (C=N), 1615 (-C=C-, Ar), 1410 (-OH, Phenol),
1200 (C-O, str), 710-690(Ar-H). *H NMR, & ppm (DMSO- dg): 11.06 (s, 1H, -NH-C=0),
10.9 (s, 1H, -NH), 9.02 (s,1H,-OH),8.01 (d, 1H, -CH=CH), 7.86-7.20 (m,11H, Ar-H), 6.84
(d, 1H, -CH=CH), 4.25(s,3H,-CH3). Mass (ESI-MS): m/z 385 (M*, 100%), 386 (M+1, 20%).
N-(4-(1H-benzoimidazol-2-yl)phenyl)-3-(p-tolyl)acrylamide (5h):

M.F: C23H19N30, M. Wt: 353.41, % yield 78 %, mp. 158-160°C; IR,cm™* (KBr): 3400 -3300(-
NH str), 3100 (C-H str, Ar), 2970 (-CHa,str), 1605 (C=0 str), 1610-1590 (-NH), 1510-1600
(C=N), 1615 (-C=C-, Ar), 1350-1330 (C-H, bending), 710-690(Ar-H). 'H NMR, & ppm
(DMSO- de): 10.92 (s, 1H, -NH-C=0), 10.9 (s, 1H, -NH), 8.22 (d, 1H, -CH=CH), 7.64-6.93
(m,12H, Ar-H),6.24 (d, 1H, -CH=CH), 2.78 (s,3H,-CH3). Mass (ESI-MS): m/z 353 (M*,
100%), 354 (M+1, 68%).
N-(4-(1H-benzo[d]imidazol-2-yl)phenyl)-3-(3-ethoxy-4-hydroxyphenyl)acrylamide (5i):
M.F: C24aH21N303, M. Wt: 399.44, % yield 88 %, mp. 166-168°C; IR,cm™ (KBr): 3400 -
3380(-NH str), 3130-3070 (C-H str, Ar), 2830 (CH3-O-,str), 1680 (C=0 str), 1620-1590 (-
NH), 1509-1610 (C=N), 1615 (-C=C-, Ar), 1200 (C-O, str), 710-690(Ar-H). 'H NMR: § 7.95
—7.53 (m, 7H), 7.47 — 7.15 (m, 4H), 7.05 - 6.76 (m, 3H), 6.35 (d, J = 15.0 Hz, 1H), 4.10 (d, J
= 77.0 Hz, 3H), 1.41 (d, J = 11.9 Hz, 3H). MF: C24H21N303, m/z: 399.16 (100.0%), 400.16
(26.0%).

N-(4-(1H-benzo[d]imidazol-2-yl)phenyl)-3-(4-methoxyphenyl)acrylamide (5j):

M.F: Ca3H19N302, M. Wt: 369.41, % vyield 81 %, mp. 169-171°C; IR,cm™ (KBr): 3400 -
3380(-NH str), 3130-3070 (C-H str, Ar), 2830 (CH3-O-,str), 1680 (C=0 str), 1620-1590 (-
NH), 1509-1610 (C=N), 1615 (-C=C-, Ar), 1200 (C-O, str), 710-690(Ar-H). 'H NMR, § ppm
(DMSO- de): 11.02 (s, 1H, -NH-C=0), 10.6 (s, 1H, -NH), 7.82 (d, 1H, -CH=CH), 7.86-7.20
(m,12H, Ar-H), 6.62 (d, 1H, -CH=CH), 4.25(s,3H,-CHz3). Mass (ESI-MS): m/z 369 (M*,
100%), 370 (M+1, 20%).

Protocol of Molecular Docking:

The software used for finding whether a molecule can be a drug or not is by Lipinski rule of
five. It gives information about Molecular weight, Hydrogen bond donor, hydrogen bond
acceptor, logP value and Molar refractivity. Molsoft L.L.C Drug Likeness and Molecular
Property Prediction gives information about a molecule i.e Molecular formula, Molecular
weight, Hydrogen bond acceptor, Hydrogen bond donor, MolLogP, MolLogS, MolPSA,
MolVol, pKa, BBB Score, Number of stereo centers and Drug Likeness Score. OSIRIS
Property explorer provides information whether a molecule, if synthesized causes any
toxicity effect by showing in the window on the screen, Green color indicates non- toxic
whereas Red color toxic. Apart from this other information like solubility, TPSA, clogP,
Drug Likeness and Drug Score are available. PASS (Prediction of Activity Spectra for
Substances) online software predicts whether a molecule is biologically active, as value Pa
and if inactive as Pi. Drug activity ADME, Physicochemical parameters, GI Absorption,
Drug likeness, GPCR ligand, lon channel modulator, Kinase inhibitor, Nuclear receptor
ligand, Protease inhibitor and Enzyme inhibitor and Bioavailablity score were found out
using Molinspiration and SWISS ADME softwares™iit,
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For molecular docking, the software used was Autodock 4.0/4.2, as it was user compatible
software which was most widely used for Protein-Ligand binding. It can be used in any of the
three methods like Rigid Body Docking, Flexible Ligand Docking and Flexible ligand and
protein respectively*ii,

Molecular properties, Druglikeness, Bioactivity with respect to GPCR ligand, lonchannel
modulator, Kinase Inhibitor, Nuclear receptor ligand, Protease inhibitor and Enzyme
inhibitor, were found out by using Molinspiration software**Vi>*x,

Physicochemical properties like Gl Absorption, Solubility, Inhibitor, Bioavailability and
ADME properties were found by SWISS ADME softwareV>,

All allowed torsions, for the ligands were set as flexible. Molecular docking study was
executed to understand the probable binding interactions of the synthesized compounds
(ligands) onto the active site of the receptors 1A9U and 3FLY, respectively.

All the hetero atoms including water molecules and bound ligands in PDB crystal structures
were removed from the receptors. After adding polar hydrogen and charges, the receptor was
set as rigid with no flexible bonds.

The docking glide score, free binding energy (using Prime MM-GBSA method), hydrogen
bonding and m—n interactions with the surrounding Amino acids were studied to elucidate the
binding affinities and appropriate alignment of all the ligands onto the active site of 1A9U
and 3FLY, respectively. The best-suited conformations of ligands, which were successful in
reversing the protein in its original conformation and produced maximum dock score, were
studied precisely*i,

Antimicrobial activity:

The antimicrobial activity was performed by agar disc-diffusion techniqueV against Gram-
positive bacteria including Staphylococcus aureus, Bacillus subtilis and L.bacillus and
Gram-negative bacteria including Escherichia Coli, Pseudomanas aeruginosa and
Salmonella paratyphi. Antifungal activity was screened against Pencillin notatum,
Aspergillus flavus, Candida albicans and Aspergillus niger. The inhibition zone was
measured in mm using streptomycin against bacteria and Flucanazole for fungi as standards
in dimethyl sulphoxide (DMSQO). DMSO showed no inhibition zone. Each compound and
standard drugs were diluted obtaining 1000 pg/ml concentration, as a stock solution. All the
compounds were tested at a concentration of 50 pg/ml and 100 pg/ml. Each experiment was
repeated twice and the average of the two determinations was recorded.

DPPH radical scavenging method:

The total antioxidant activity was measured by the DPPH radical scavenging assay method*".
The radical scavenging activity of plant extracts against stable DPPH radical (DPPH*) was
determined. L-Ascorbic acid was used as the reference compound. The antioxidant activity is
expressed in terms of ICso (concentration of the extract / reference compound required to
inhibit DPPH radical formation by 50%).The results were expressed as ICso values (the
concentration of test required to scavenge 50% free radicals).

Nitric oxide (NO) radical scavenging method:

Nitric oxide generated from sodium nitroprusside in an aqueous solution at physiological pH,
interacts with the Griess reagent and the absorbance of the chromophore formed was
measured at 546 nm using spectrophotometryV'. The reaction mixture (5.0 ml) containing
SNP (5 mM) in phosphate buffered saline (pH 7.3), with or without the plant extract at
different concentrations, was incubated at 25°C for 180 min in front of a visible
polychromatic light source (25W tungsten lamp). Generation of NO- free radical thus
interacted with oxygen to produce the nitrite ion (NO') which was assayed at 30 min intervals
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by mixing 1.0 ml of incubation mixture with an equal amount of Griess reagent (1%
sulfanilamide in 5% phosphoric acid and 0.1% naphthylethylenediaminedihydrochloride).
Anthelmintic Activity:

The synthesized compounds were screened for anthelmintic activity by using Indian earth
worms Pheretima posthuma obtained from Department of Botany, Kakatiya University. The
earthworms were divided into groups of six earthworms approximately of equal size were
selected randomly for the present study*"!,

Albendazole is diluted with normal saline solution to obtain 0.1, 0.2, 0.5 and 1 % (m/V)
served as standard and was poured into Petri dishes. The synthesized compounds were
dissolved in minimal quantity of ethanol and diluted to prepare four concentrations of 0.1,
0.2, 0.5and 1 % (m/V) of each compound. Normal saline served as a control. The compounds
were evaluated by the time taken for complete paralysis and death of earthworms. The mean
lethal time for each test compound was recorded and compared with standard drug. The time
taken by worms to become motionless was noted as paralysis time. Death was concluded
when the worms lost their motility followed with fading away of their body colour.

RESULTS AND DISCUSSION:

The key intermediate used for the synthesis of both series of the final compounds was
2-(4-aminophenyl) benzimidazole (3), which in turn prepared by the reaction of o-phenylene
diamine (1) with p-amino benzoic acid (2) in the presence of 4N HCI. The reaction of
compound (3) with different aryl aldehydes in absolute ethanol gave benzimidazole Schiff
bases (6a-6j). And the N-[4-(1H-Benzimidazol-2-yl)-phenyl]-3-(aryl) acryl amides (5a-5j)
were prepared by treating acetylated product of benzimidazole with aryl aldehyde using
Claisen-schimdt condensation. 2-(4-aminophenyl)benzimadole (3) was prepared following
the procedure previously described [23-24]. The physical data of N-(4-(1H-
benzo[d]imidazol-2-yl) phenyl) acetamide (4) were comparable.

IR spectra of these compounds showed the presence of characteristic absorption peaks around
3395 cm*(-NH-C=0-), 1700 to 1670 cm™ (-C=0-, str), 1660-1640 cm™

(-CH=CH-), 1620-1590 cm™*(N-H bend) 1620-1430 cm™ (C=N). *H NMR spectra revealed
that the compounds shows peaks at 610.5-11.9 (s, 1H,-NH), 67.46-7.70 (m, 4H, benzene),
87.26-7.70 (m, 4H, Hetero aromatic), 86.84 and 7.55 corresponding to two protons of (-
CH=CH-). C NMR spectra revealed that the compounds shows peaks at & 168.2 (C of
C=0), 6 163.2 (N=C), & 153.6 (C-N), 6 122.9-141.5 (C=C in hetero aromatic), & 113.2-129.9
(C=C in aromatic), 6 43.6 (-CHas, aliphatic).

All the synthesized compounds were subjected to Lipinski rule of five, the compounds along
with standard (Albendazole), was following the rule without violation.

The synthesized compounds 5a-5j and standard when subjected to OSIRIS toxicity, all the
compounds along with standard (5a, 5b, 5c, 5e, 5f, 5g, 5h, 5i) exhibited non-toxic
(mutagenicity, tumorigenicity, reproductive toxicity and irritating effects), whereas 5d has
exhibited mutagenic and tumorigenic effect, 5 had shown irritant and reproductive effect and
Albendazole had shown reproductive effect. Drug score for compound 5a and Albendazole
were found to be 0.41 and 0.26 respectively.

The derivatives along with standard drug, when subjected for PASS Online, for Anthelmintic
activity the values obtained Pa and Pi for compound 5a and standard were 0.493, 0.018 and
0.847, 0.002 respectively.

As per the obtained results from the SWISS ADME software for the synthesized compounds,
along with standard, all the compounds were found to possess moderate to lower solubility,
higher GI absorption and similar bioavailability score (0.55). However, all the compounds
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were inhibiting the enzymes, CYP1A2 other than compounds like 5b and 5f i.e no action on
CYP1A2.

The bioactivity score > 0.00, the compound has considerable bioactivity, if the activity ranges
from 0.00-0.50, then moderate activity and if activity is < -0.50, then compound is
inactiveVixox,

From the docking result using two proteins (PDB ID: 1A9U and 3FLY), has been found that
the Sub Rank and Rank Grep Pattern values for all the test and standards compounds were
found to be 1(one) (Table 1la and 1b).

Table 1a: Binding energies of test compounds and standard (Std. Albendazole)

PDB ID: 1A9U | 5a 50 |5c |&d 5e 5f | 5g 5h | 5i |5] | Std.
Run 5 2 10 |2 9 6 1 1 9 3 1
Binding Energy | - - - - - - - 64. | - - -
(kcal/mol) 801 {650 |69 |757 |7.18 |76 |7.29 [36 |6.7 |7.1 |63
0 9 5 7 3
Cluster RMSD 0.00 [ 0.00 | 0.0 [0.00 |0.00 0.00 0.0 |0.0 |0.0 0.0
0 0.0 0 0 0 0
0
Reference 46.5 | 68.4 | 75. | 415 |41.8 |42. | 415 |44. |40. | 41. | 46.
RMSD 9 5 87 |7 8 21 |5 71 |74 |47 |17

Table 1b: Binding energies of test compounds and standard (Std. Albendazole)
PDB ID: 3FLY |5a 50 |5c |5d 5e 5f | 5g 5h |5i |5j | Std.

Run 9 1 3 10 2 2 1 3 1 |3 |4
Binding Energy | - - - - - - - - - - -
(kcal/mol) 723 (680 |71 618 |271 |69 [691 [6.7 |68 |6.6 |57
4 3 9 |2 2 |8
Cluster RMSD 0.00 | 0.00 | 0.0 |0.00 |0.00 0.0 |0.00 |00 |00 |00 |00
0 0 0O |0 |0 |0
Reference 36.4 [352 |26. |27.1 | 36,5 |37. 357 |25. |25. |35 |19
RMSD 1 9 46 |3 1 04 |0 63 |66 |67 |35

Compound 5a had lowest binding energy against 1A9U and 3FLY were found to be -8.01
and -7.23 kcal/mol, respectively as compared to Albendazole -6.33 and -5.78 respectively
(Table 1a and 1b), which indicated a good binding pose or very high binding affinity towards
the receptor binding site. Compound 5d had lower energy, but higher energy than 5a against
1A9U and 3FLY was found to be -7.57 and -6.18 kcal/mol. Compound 5g had lower energy,
but higher energy than 5a and 5d against 1A9U and 3FLY was found to be -7.29 and -
6.91kcal/mol. Albendazole had lower energy, but higher energy than 5a, 5d and 5g against
1A9U and 3FLY was found to be -6.33 and -5.78 kcal/mol.

The results of 1A9U and 3FLY interacting amino acids for the synthesized compounds and
standard were tabulated in Table 2 and Figure 1.

Table 2: Interacting Amino acids for test and standard compounds (Std. Albendazole)

Interacting Amino acids
Comp | 1A9U | Comp | 3FLY
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5a TYR132, ARGI136, GLUS81, |5a LYS53, LEU104, VAL30,
ASN82, LEU164, GLU163, ALA51, THR106, LEU75, ILES84,
PHE129, TYR311, MET109, GLY110,ALA111(NoHydrogens)
GLY110 (1 Hydrogen UNL O1).

5d LyS165, HIS107, LEU48, | 5d PHE348, LYS76, VAL349,
MET109, GLY110, ALA157, LEUS86, PRO351, LYS79
GLU163 (1 Hydrogen LYS165)

59 LYS53, VAL38, ALA5L, ILE84, | 59 ASP292, LEU246, PRO266,
LEU75, PHE169, GLU71 (1 LYS267, LEU291, LEU289,
Hydrogen LYS53) VAL239(1Hydrogen UNL O1)

Std. THR132, GLN133, ASN82, | Std. GLU163, TYR311, ARG136,
LYS165, GLU163 (1 Hydrogen ASN82, GLU81, LYS165 (2
UNLZ1, N1) Hydrogens UNL1,01, UNL1, O1)

{

()™
-
“
<

59 (LA9U)

N
i
B

;>

5g (3FLY)

Albendazole (1A9U) Albendazole (3FLY)
Figure 1: Docking of 5a, 5d, 5g and Albendazole with interactions on PDB ID: 1A9U and
3FLY
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In-vitro antimicrobial activity:

The results of antibacterial activity (the zone of inhibition) are presented in Figure 2a and
Figure 2Db, the results revealed that all newly synthesized compounds were exhibited potent
antibacterial activity. In general, compounds 5a, 5d and 5g exhibited more pronounced
antibacterial activity than the other test compounds against both Gram positive and Gram
negative bacteria. Among all the compounds tested 5a exhibited remarkable antibacterial
activity against the Gram positive Bacillus subtilis, Saphylococcus aureus and Gram negative
Escherichia coli as compared with Streptomycin. Compounds 5¢ and 5f showed good activity
against Lactobacillus and Escherichia Coli, Pseudomanas aeruginosa & Salmonella
paratyphi. Moreover, compounds 5b, 5¢, 5e and 5i were moderate active and 5f, 5h and 5j
wild mild active against the tested microorganism.

The compounds 5a-5j were also tested against Pencillin notatum, Aspergillus flavus,
Candida albicans and Aspergillus niger for their antifungal activity and most of the
compounds indicated significant antifungal activity by agar disc diffusion and their zone of
inhibition results are presented in Figure 2. From the results, it is evident from the screening
data compounds 5a and 5d were more effective against tested microorganisms and their
potencies were comparable against standard drug fluconazole. However none of the
compounds were superior to standard used against any fungi.

Furthermore, when the comparison for the compounds was made between bacteria and fungi
it was observed that the different derivatives of benzimidazole found to be more active
against bacteria than fungi and among different fungi as listed, it was observed that the
compounds are more active against gram positive bacteria than the gram negative ones.

35 ' 3
/ Std:

I T T I
= Aspergillus ~—Pencillom = _ - .

—  fotatum

==B.subtilis
30 L =S aureus  Gram+Vve

30 niger
L.bacillus 5
sa\ i ; / std. \

H
T2 )
g : /
N 20—
Eis Rt \;
° - -
p : \y § ’“‘“’j
& 10 210 5g 3 5
- :
—E.Coli = Si N \ X#]
51 —P.aeruginosa-Gram -Ve : \/
S.paratyphis
0 . . 0
Figure 2a Figure 2b

Figure 2: Antibacterial and antifungal activity of test compound.

All values are the mean of three measurements and expressed as mean +SD, NA= No
Activity found; Std.; Streptomycin and Flucanazole

Antioxidant activity:

Free radical scavenging activity of all the synthesized compounds performed using DPPH
method and the results were found in Figure 3. All the synthesized compounds produced a
concentration dependant scavenging of free radical, DPPH and NO. The ICso values of all the
test compounds were found between 113.21ng/ml and 245.23pg/ml. Among all the test
compounds, compound 5a, 5d, and 5g having more potent antioxidant activity (ICso values)
against DPPH and NO free radicals (Figure 3), where as others were showing moderate to
poor activity compared to standards one. The ICso values of the test compounds were found
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to be significant as compared to that of standard, Ascorbic acid. The effect of antioxidants on
DPPH radical scavenging was thought to be due to their hydrogen donating ability. DPPH is
a stable free radical and accepts an electron or hydrogen radical to become a stable
diamagnetic molecule. The reduction capability of DPPH radicals was determined by
decrease in its absorbance at 517 nm induced by antioxidants.

The absorbance of the chromophore (purple azo dye) formed during the diazotization of
nitrite ions with sulphanilamide at 546 nm and the nitrite generated in the presence or
absence of the test compounds were estimated using a standard curve based on sodium nitrite
solutions of known concentrations. Each experiment was carried out at least three times and
the data presented as an average of three independent determinations.

In our study, the antioxidant activities of all the compounds were positively correlated as
correlation coefficients (R) and coefficients (R2) = 0.250, 0.420 and 0.063, 0.177 in NO and
DPPH assays, respectively. All R values were positive at thep < 0.05 significance level.
This indicates that the two antioxidant assays are suitable and reliable for assessing the
total antioxidant potentials of the test compounds. All the synthesized compounds although
possess moderate antioxidant activities only few were highlighted due to presence of various
electron donating and electron withdrawing groups as well they were violating certain rules

of Lipinski etc.
300

—NO —DPPH
250 5h y=195.2-4.489x y=151.3-5.081x
/\R2=O.053 R2=0.177
200 AN //ge\\ —
@150 /5b hﬁ i — \
— et = Jg
3 5a 5¢ 5 T sk ]
7100 52 5g —
- \§
]
50 : - \
0 —Llnear(l\O,DFPH) Std.

Figure 3: Antioxidant activity of synthesized compounds using DPPH and NO assay method

All values are the mean of three measurements and expressed as mean = SD; Radical
scavenging activity by DPPH (2, 2-diphenyl-2-picrylhydrazyl hydrate) and NO (Nitric oxide)
assay is expressed in I1Cso (Concentration of the compounds/ solution required to inhibit
DPPH and NO radical formation by 50%); Significance level at p<0.05 significant, using
ANOVA test; Std.=Ascorbic acid.

Anthelmintic activity:

The synthesized compounds 5a-5j, were subjected to anthelmintic activity against Pheretima
posthuma. The compounds were tested for four concentrations i.e., 0.1, 0.2, 0.5, and 1.0 %
(mg/ml), is given in Figure 4a-4c. All the benzimidazole derivatives showed significant
anthelmintic activity and the compounds 5a, 5d and 5g has more potent anthelmintic activity.
All other compounds possess mild to moderate anthelmintic activity. When a comparison is
made between the compounds 5a and 5d or 5g, it appears that compounds with heterocyclic
group (benzopyrole) are more active than the compounds having, tertiary nitrogen with
electro donating group and electronegative substituent group bonded to the phenyl ring
through an unsaturated chain. This was further confirmed by comparing the data for
compounds 5d and 5g. These compounds were found to be active in order as 5a > 5d > 5g
where, a represented substituted benzopyrole, d represented presence of para di-methyl
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amine and g indicates the hydroxy group at para position. So, it was observed that
compounds possessing heterocyclic ring as in 5a is more potent than un-substituted
/substituted phenyl ring as 5d or 5g.

Figure 4b: Anthelmintic activity of 1 mg/ml concentration
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Figure 4c: Comparison of paralyzing and death time of worms (min.)

All values are the mean of three measurements and expressed as mean £SD, Significance
level at p<0.05 significant, using ANOVA test; Std.; Albendazole

CONCLUSION:

A series of novel benzimidazole derivatives have been synthesized and characterized by
spectral data. All the compounds were evaluated for in-vitro biological activities i.e.,
antimicrobial, antifungal, antioxidant and anthelmintic activities. Benzimidazole chalcones
has shown mild to moderate antimicrobial activity. Overall observation from the results of the
antimicrobial, antifungal, antioxidant and anthelmintic activities of the synthesized
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compounds revealed that compounds with indole nucleus, p-dimethyl amino benzene and p-
hydroxyl, m-methoxy disubstituted benzene linked to the end of vinyl group of chalcone are
more active than the remaining compounds. This confirmed various substituents like electron
with drawing group on benzimidazole nucleus leads to novel biological activities as well as
increase the hydrophilicity of the synthesized compounds might be presence of
secondary/tertiary nitrogen atom and hydroxyl group in their structures. In silico docking also
confirmed 5a, 5d and 5g compounds have shown higher biological activities due to list
binding energy and highest affinity towards receptors. The above 3 compounds (5a, 5d, and
5g) may become lead compounds for their biological properties and to explore them for
further activities by the upcoming researchers.
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