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INTRODUCTION

Studies on the discovery of cancer related drugs have made
aremarkable progress but still the area needs a lot of research
due to less effectiveness and selectivity [1]. It has also been
reported that almost 80% of the deaths caused by cancer are
related to lung cancer [2]. EGFR is an important class of receptor
tyrosine kinase enzyme and considered to be one of the major
causes for the substantial growth and survival of tumour cells.
Abnormally high EGFR expression and its mutation is consi-
dered to be one of the leads to cancer proliferation, increased
metastasis potential and neo angiogenesis [3-6]. Mutations in
EGFR also is responsible for the increased drug resistance.
An effective way to overcome such type of mutations and over-
expression EGFR inhibitors play a vital role [7]. Targeted therapy
that involves inhibiting EGFR by blocking tyrosine-kinase with
inhibitors at the ATP-binding site in the cytoplasmic wall is a
unique method to prevent the growth and spread of cancer cells

[8].
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In this work, a new series of imidazole-pyrazole-benzo[f]chromene hybrids were designed and synthesized by a base-catalyzed cyclo- |
condensation through a one-pot multicomponent reaction. All compounds were tested for in vitro antimicrobial and anticancer activities. |
Enzyme inhibitory activities of all compounds were carried out against FabH and EGFR. The majority of synthesized compounds displayed
promising antimicrobial as well as anticancer activity against used strains and cancer cell lines respectively. The compounds were also |
tested for in vitro anticancer activities against two cancer cell lines A549 and Hep G2. Compound 7f (ICs, = 0.62 uM) against EGFR and |
(ICs = 1.31 uM) against A549 kinase displayed the most potent inhibitory activity as compared to another member of the series. In the |
molecular modelling study, compound 7e was bound into the active pocket of EGFR with one pi-pi interaction and one hydrogen bond |
having minimum binding energy AGb = —7.6894 kcal/mol. Moreover, FabH molecule 7d was found to be binding in the active pocket |
|
|

Keywords: Anticancer activity, Imidazole-pyrazole-benzo[f]chromene, Enzyme inhibitory activity, One pot multicomponent.

Nitrogen containing heterocyclic rings play an important
role in the field of medicinal chemistry. Due to their multiple
uses as active biological scaffolds and their distinct character-
istics they are of significant importance in the pharmaceutical
field [9-15]. Studies show that pyrazoles and their derivatives
are of great importance due to their varied biological activities.
Pyrazoles and their derivatives are found to have excellent anti-
cancer [16], antimicrobial [17], anti-inflammatory [18] and
analgesic [19] activities. Taking into account the broad spectrum
of biological activities of pyrazole ring, it is considered to be a
significant moiety to be added in the drug discovery and hence-
forth in the pharmaceutical sector.

In addition, a number of other pharmacologically active
scaffolds like imidazole are also known to be of importance
due to their extensive biological activities and application in
drug designing. Imidazole and their derivatives also possess
pharmacological activities like anti-convulsant [20], anticancer
[21], antitubercular [22], antiinflammatory [23] and antimicro-
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bial [24]. Both imidazole and pyrazole rings have been a part
of a number of drugs in clinical use.

Prompted by these significant bio-profile of pyrazole and
imidazole derivatives and their importance in the medicinal
field and with the purpose of continuation of research of novel
biologically active heterocyclic scaffolds, we clubbed pyrazole
and imidazole moieties along with other bioactive moieties
into a single target molecule to obtain a novel series of potent
bioactive molecule. In present work, a novel series comprising
of antimicrobial moieties is synthesized by combining pyrazole
and imidazole derivatives along with their biological evaluation
for any significant changes and DFT studies and molecular
modelling of novel 1-(5-(1H-imidazol-1-yl)-3-methyl- 1-phenyl-
1H-pyrazol-4-yl)-3-amino-2-cyano-N-phenyl-1 H-benzo[f]-
chromene-5-carboxamide and its derivatives using one pot
MCR approach is reported.

EXPERIMENTAL

All chemicals were purchased commercially and used as
such. The FTIR spectral data of all the synthesized compounds
were recorded using Perkin-Elmer Spectrum-GX spectrophoto-
meter with KBr pellets. Silica gel coated aluminium plates 60
Fs4, 0.25 mm thickness, Merck were used to check and monitor
each step of synthesis. Thermo-Fisher LCMS spectrometer was
involved in the determination of mass spectra while 'H NMR
and C NMR were observed in DMSO-d; on a Bruker Avance
400 MHz spectrometer with TMS as internal standard and DMSO
as solvent. Elemental analysis of all the synthesized compounds
were carried out using Perkin-Elmer CHN/S/O Elemental
Analyzer 2400 Series II.

Synthesis of target molecule 1-(5-(1H-imidazol-1-yl)-
3-methyl-1-phenyl-1H-pyrazol-4-yl)-3-amino-2-cyano-N-
phenyl-1H-benzo[f]chromene-5-carboxamide derivatives
(7a-h): The starting compound 3-methyl-1-phenyl-1H-pyrazole-
5-one (la-d) was prepared as per the literature procedure by
refluxing equimolar mixture of ethylacetoacetate and phenyl
hydrazine with glacial acetic acid in water bath at 70 °C for 90
min. The mixture was then cooled on a water bath and ether
was added slowly with continuous stirring when precipitates
of the starting material 1la-d were separated out. The final
product was checked using TLC.

Vilsmeier-Haack reaction (chloroformylation) as per the
literature procedure was involved in converting the starting
material 1a-d into 3-methyl-1-phenyl-5-chloro-1H-pyrazole-
4-carbaldehyde (2a-d) by first preparing an iminium salt by
mixing ice cold equimolar solutions of POCl; and DMF and
then refluxing it with 3-methyl-1-phenyl-1H-pyrazole-5-one
(1a-d) for 5 h at 90 °C. The resulting mixture after reaching to
room temperature was then poured on crushed ice when 3-methyl-
1-phenyl-5-chloro-1H-pyrazole-4-carbaldehyde (2a-d) sepa-
rates out. The precipitates were washed with water to remove
all acidic impurities and recrystallized with ethanol. The final
product was confirmed using TLC.

In next step, the nucleophilic substitution of chloro group
in pyrazole by imidazole was carried out by refluxing 3-methyl-
1-phenyl-5-chloro-1H-pyrazole-4-carbaldehyde (2a-d) with
imidazole (3) for 2 h at 85 °C using DMF as solvent and K,CO;

as base catalyst. After the completion of reaction, the reaction
mixture was poured on ice cold water when the precipitates of
5-(1H-imidazol-1-yl)-3-methyl-1-phenyl-1 H-pyrazole-4-carb-
aldehye (4a-d) separate out, which was filtered, washed and
recrystallized with ethanol.

The target molecules were then synthesized using the one
pot MCR approach. For this, the calculated quantity of 5-(1H-
imidazol-1-yl)-3-methyl-1-phenyl-1 H-pyrazole-4-carbaldehye
(4a-d), malanonitrile (5) and 3-hydroxy-N-phenyl-2-naphth-
amide (6a-b) were refluxed for almost 3 h in a round bottom
flask. The mixture at room temperature gave the final product
1-(5-(1H-imidazol- 1-yl)-3-methyl- 1-phenyl-1H-pyrazol-4-
yl)-3-amino-2-cyano-N-phenyl-1H-benzo[f]chromene-5-
carboxamide (7a-h), which was recrystallized using ethanol
and confirmed with TLC (Scheme-I).

1-(5-(1H-Imidazol-1-yl)-3-methyl-1-phenyl-1H-pyrazol-
4-yl)-3-amino-2-cyano-N-phenyl-1H-benzo|f]chromene-5-
carboxamide (7a): Yield: 78%. IR (KBTI, Vi, cm™): 3450
(N-H str), 3032 (arom. C-H str.), 2110 (-CN str:), 1670 (C=0
str. of -NHCO-), 1545 & 1460 (C=C str. of aromatic ring), 1234
(C-O-C str. of Ar-0), 1280 (-NH, str:). '"H NMR (400 MHz,
DMSO-ds) & ppm: 2.03 (s, 3H, CHs3), 4.85 (s, 1H, -CH-), 6.82
(s, 2H, -NH>), 7.02-8.10 (m, 18H, Ar-H), 9.95 (s, 1H, NH).
C NMR (400 MHz, DMSO-d) 8 in ppm: 14.15 (CH3), 19.45
(CH), 59.24, 112.21, 119.00, 120.24, 120.24, 121.60, 121.60,
122.32,123.38, 123.91, 126.22, 126.50, 127.83, 128.00, 128.22,
128.64,129.00, 129.00, 129.35, 129.35, 129.70, 132.23, 134.05,
134.55, 137.90, 139.65, 147.15, 151.45, 151.60, 177.10 (Ar-C),
117.30 (-CN), 164.72 (C=0). MS (m/z): 563.21 (M"). Anal.
calcd. (found) % for C3sHasN7O, (m.w. 563.62 g/mol): C, 72.46
(72.36); H, 4.47 (4.34); O, 5.68 (5.81); N, 17.40 (17.23).

1-(5-(1H-Imidazol-1-yl)-3-methyl-1-phenyl-1H-pyrazol-
4-yl)-3-amino-2-cyano-N-(o-tolyl)-1H-benzo|[f]chromene-
5-carboxamide (7b): Yield: 81%. IR (KBr, Vi, cm™): 3453
(N-H str), 3030 (arom. C-H str.), 2114 (-CN str:), 1672 (C=0
str. of -NHCO-), 1546 & 1463 (C=C str. of aromatic ring), 1232
(C-O-C str. of Ar-0), 1284 (-NH, str:). '"H NMR (400 MHz,
DMSO-ds) & ppm: 2.03 (s, 3H, CH3), 2.24 (s, 3H, CH3), 4.85
(s, 1H, -CH-), 6.82 (s, 2H, -NH>), 7.02-8.10 (m, 17H, Ar-H),
9.95 (s, 1H, NH). “C NMR (400 MHz, DMSO-ds) 8 in ppm:
14.15 (CHs), 17.25 (CHs), 19.45 (CH), 59.24, 112.21, 119.00,
120.24,120.24, 121.60, 122.32, 123.38, 123.91, 126.22, 126.50,
127.83,128.00, 128.22, 128.64, 128.90, 130.32, 129.35, 129.35,
129.70, 131.20, 132.23, 134.05, 134.55, 134.72, 139.65, 147.15,
151.45, 151.60, 177.10 (Ar-C), 117.30 (-CN), 164.72 (C=0).
MS (m/z): 577.22 (M"). Anal. calcd. (found) % for C;sH»N-O,
(m.w. 577.65 g/mol): C, 72.78 (72.60); H, 4.71 (4.53); O, 5.54
(5.70); N, 16.97 (16.83).

1-(5-(1H-Imidazol-1-yl)-3-methyl-1-(p-tolyl)-1H-pyrazol-
4-yl)-3-amino-2-cyano-N-phenyl-1H-benzo|f]chromene-5-
carboxamide (7c¢): Yield: 83%. IR (KBr, Vi, cm™): 3455
(N-H str), 3034 (arom. C-H str.), 2108 (-CN str:), 1668 (C=0
str. of -NHCO-), 1542 & 1462 (C=C str. of aromatic ring),
1230 (C-O-C str of Ar-0), 1282 (-NH, st:). "HNMR (400 MHz,
DMSO-ds) & ppm: 2.03 (s, 3H, CH3), 2.47 (s, 3H, CH3), 4.85
(s, 1H, -CH-), 6.82 (s, 2H, -NH>), 7.02-8.10 (m, 17H, Ar-H),
9.95 (s, IH,NH). *C NMR (400 MHz, DMSO-d;)  ppm: 14.15
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Scheme-I: Synthetic route of novel 1-(5-(1H-imidazol-1-yl)-3-methyl-1-phenyl-1H-pyrazol-4-yl)-3-amino-2-cyano-N-phenyl-1H-benzo[f]-

chromene-5-carboxamide derivatives

(CHs;), 19.45 (CH), 21.30 (CH3), 59.24, 112.21, 119.00, 120.24,
120.24,121.60, 122.32, 123.38, 123.91, 126.22, 126.50, 127.83,
128.00, 128.22, 128.64, 128.90, 130.32, 129.35, 129.35, 129.70,
131.20, 132.23,134.05, 134.55, 134.72, 139.65, 147.15, 151.45,
151.60, 177.10 (Ar-C), 117.30 (-CN), 164.72 (C=0). MS (m/z):
577.22 (M"). Anal. calcd. (found) % for Cs;sH»N,O, (m.w.
577.65 g/mol): C, 72.78 (72.60); H, 4.71 (4.53); O, 5.54 (5.70);
N, 16.97 (16.83).

1-(5-(1H-Imidazol-1-yl)-3-methyl-1-(p-tolyl)-1H-pyrazol-
4-yl)-3-amino-2-cyano-N-(o-tolyl)-1H-benzo[f]chromene-
5-carboxamide (7d): Yield: 77%. IR (KBTI, Vy, cm™): 3451
(N-H str), 3032 (arom. C-H str:), 2115 (-CN str.), 1675 (C=0 str.
of -NHCO-), 1545 & 1463 (C=C str. of aromatic ring), 1230
(C-O-C str. of Ar-O), 1278 (-NH, str:). 'H NMR (400 MHz,
DMSO-ds) 6 ppm: 2.03 (s, 3H, CH3), 2.24 (s, 3H, CH3), 2.47
(s, 3H, CH;), 4.85 (s, 1H, -CH-), 6.82 (s, 2H, -NH.), 7.00-7.90
(m, 16H, Ar-H), 9.97 (s, 1H, NH). "C NMR (400 MHz, DMSO-
ds) 8 ppm: 14.15 (CHs), 17.25 (CH3), 19.45 (CH), 21.30 (CHs),
59.24,112.21, 119.00, 120.24, 120.24, 121.60, 121.60, 122.32,
123.38,123.91, 126.50, 127.83, 128.00, 128.22, 128.64, 129.00,
129.00, 129.35, 129.35, 129.70, 132.23, 134.05, 134.55, 135.61,
137.90, 139.65, 147.15, 151.45, 151.60, 177.10 (Ar-C), 117.30
(-CN), 164.72 (C=0). MS (m/z): 591.24 (M*). Anal. calcd. (found)
% for C3H2N;0, (m.w. 591.68 g/mol): C, 73.08 (73.20); H,
4.94 (5.12); O, 5.41 (5.34); N, 16.57 (16.71).

1-(5-(1H-Imidazol-1-yl)-1-(4-methoxyphenyl)-3-
methyl-1H-pyrazol-4-yl)-3-amino-2-cyano-N-phenyl-1H-
benzo[f]chromene-5-carboxamide (7e): Yield: 80%. IR (KBr,
Vmaw, cm™): 3452 (N-H str:), 3035 (arom. C-H st1.), 2115 (-CN
str), 1673 (C=0 str. of -NHCO-), 1546 & 1462 (C=C str. of
aromatic ring), 1232 (C-O-C str. of Ar-0), 1285 (-NH, str:), 1255
(C-O str. alkylaryl ether). '"H NMR (400 MHz, DMSO-d;) 8
ppm: 2.03 (s, 3H, CH,), 3.75 (s, 3H, OCHj3), 4.85 (s, 1H, -CH-),
6.82 (s, 2H, -NH,), 7.02-8.10 (m, 17H, Ar-H), 9.95 (s, 1H, NH).
C NMR (400 MHz, DMSO-d) 8 ppm: 14.15 (CH3), 19.45
(CH), 55.80 (OCH,), 59.24, 112.21, 112.21, 114.90, 114.90,
119.00, 120.24, 120.24, 121.60, 121.60, 122.32, 123.38, 123.91,
126.22,126.50, 127.83, 128.00, 128.22, 128.64, 129.00, 129.00,
129.70, 132.23, 134.05, 134.55, 137.90, 139.65, 151.45, 151.60,
177.10 (Ar-C), 117.30 (-CN), 164.72 (C=0). MS (m/z): 593.22
(M™*). Anal. calcd. (found) % for C3;sH»N,Os (m.w. 593.65 g/
mol): C, 70.81 (70.96); H, 4.58 (4.71); O, 8.09 (7.94); N, 16.52
(16.43).

1-(5-(1H-Imidazol-1-yl)-1-(4-methoxyphenyl)-3-
methyl-1H-pyrazol-4-yl)-3-amino-2-cyano-N-(o-tolyl)-1H-
benzo[f]chromene-5-carboxamide (7f): Yield: 77%. IR (KBr,
Vmaw, cm™): 3450 (N-H str:), 3031 (arom. C-H str.), 2108 (-CN
str), 1675 (C=0 str. of -NHCO-), 1542 & 1465 (C=C str. of
aromatic ring), 1230 (C-O-C str. of Ar-O), 1281 (-NH, str),
1251 (C-O str. alkylaryl ether). '"H NMR (400 MHz, DMSO-
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ds) & ppm: 2.03 (s, 3H, CH3), 2.24 (s, 3H, CHs), 3.75 (s, 3H,
OCHs), 4.85 (s, 1H, -CH-), 6.82 (s, 2H, -NH>), 6.95-8.03 (m,
16H, Ar-H), 9.95 (s, 1H, NH). *C NMR (400 MHz, DMSO-djs)
6 ppm: 14.15 (CH3), 17.25 (CH3), 19.45 (CH), 55.80 (OCH3),
59.24,112.21,112.21, 114.90, 114.90, 119.00, 120.24, 120.24,
121.60, 121.60, 122.32, 123.38, 123.91, 126.22, 126.50, 127.83,
128.00, 128.22, 128.64, 129.12, 129.12, 129.70, 132.23, 133.10,
134.55,137.45, 139.65, 151.30, 151.71,177.10 (Ar-C), 117.30
(-CN), 164.72 (C=0). MS (m/z): 607.23 (M"). Anal. calcd.
(found) % for Ci;sHxN;O3 (m.w. 607.67 g/mol): C, 71.16
(71.29); H, 4.81 (4.68); O, 7.90 (8.06); N, 16.14 (16.26).
3-Amino-1-(1-(4-chlorophenyl)-5-(1H-imidazol-1-yl)-3-
methyl-1H-pyrazol-4-yl)-2-cyano-N-phenyl-1H-benzo[f]-
chromene-5-carboxamide (7g): Yield: 75%; IR (KBTI, Viax,
cm™): 3450 (N-H str:), 3030 (arom. C-H s17:), 2110 (-CN str:),
1673 (C=0 str. of -NHCO-), 1545 & 1460 (C=C str: of aromatic
ring), 1231 (C-O-C str. of Ar-0), 1282 (-NH str.), 770 (-Cl
str). 'HNMR (400 MHz, DMSO-ds) 8 ppm: 2.03 (s, 3H, CHs),
4.85 (s, 1H,-CH-), 6.82 (s, 2H, -NH,), 7.02-8.10 (m, 17H, Ar-H),
9.95 (s, 1H,NH). *C NMR (400 MHz, DMSO-ds) & ppm: 14.15
(CH;), 19.45 (CH), 59.24, 112.21, 119.00, 120.24, 120.24,
121.60, 121.60, 122.32, 123.38, 123.91, 126.22, 126.50, 127.83,
128.00, 128.22, 128.64, 129.00, 129.00, 129.35, 129.35, 129.70,
132.23,134.05, 134.55, 137.90, 139.65, 147.15, 151.45, 151.60,
177.10 (Ar-C), 117.30 (-CN), 164.72 (C=0). MS (m/z): 597.17
(M*). Anal. calcd. (found) % for CssH24N;,O,ClI (m.w. 598.06
g/mol): C, 68.28 (68.10); H, 4.05 (4.21); O, 5.35 (5.23); N,
16.39 (16.43); C1, 5.93 (6.07).
3-Amino-1-(1-(4-chlorophenyl)-5-(1H-imidazol-1-yl)-3-
methyl-1H-pyrazol-4-yl)-2-cyano-N-(o-tolyl)-1H-benzo[f]-
chromene-5-carboxamide (7h): Yield: 77%. IR (KBr, Vi,
cm™): 3452 (N-H str:), 3035 (arom. C-H st1:), 2114 (-CN str.),
1670 (C=0 str. of -NHCO-), 1545 & 1463 (C=C str: of aromatic
ring), 1230 (C-O-C str. of Ar-O), 1285 (-NH, str.), 775 (-Cl str:).
'HNMR (400 MHz, DMSO-d;) 8 ppm: 2.03 (s, 3H, CH3), 2.24
(s, 3H, CHj3), 4.85 (s, 1H, -CH-), 6.82 (s, 2H, -NH>»), 7.00-7.90
(m, 16H, Ar-H), 9.97 (s, 1H, NH). *C NMR (400 MHz, DMSO-
ds)  ppm: 14.15 (CHs), 17.25 (CH3), 19.45 (CH), 59.24, 112.21,
119.00, 120.24, 120.24, 121.60, 122.32, 123.38, 123.91, 126.22,
126.50, 127.83, 128.00, 128.22, 128.64, 128.90, 130.32, 129.35,
129.35,129.70, 131.20, 132.23, 134.05, 134.55, 134.72, 139.65,
147.15, 151.45, 151.60, 177.10 (Ar-C), 117.30 (-CN), 164.72
(C=0). MS (m/z): 611.18 (M"). Anal. calcd. (found) % for
CisHa6N,0-Cl (m.w. 612.09 g/mol): C, 68.68 (68.81); H, 4.28
(4.37); 0, 5.23 (5.13); N, 16.02 (15.91); Cl, 5.79 (5.92).

RESULTS AND DISCUSSION

Infrared spectra studies: All the eight synthesized comp-
ounds 7a-h were subjected to IR spectral analysis to confirm
the different functional groups present in them. The stretching
frequency of compounds 7a-h for -NH group was observed
in the range of 3455-3450 cm™ while the aromatic C-H
stretching was observed at 3035-3030 cm™ and for C=C stret-
ching the IR spectral range was observed at 1546-1542 and
1465-1460 cm™. Stretching bands for the -CN was observed
in the range of 2115-2108 cm™ and for -NHCO in the spectral
range of 1675-1668 cm™ for all the synthesized compounds.

All compounds gave IR spectra for C-O-C ether linkage of
Ar-O from 1234-1230 cm™ and for -NH, group the range was
1285-1278 cm™. Alkyl aryl ether linkage C-O for compounds
7e and 7f was observed at 1255-1251 cm™ and a C-Cl stretching
for compounds 7g and 7h appeared in the range of 775 cm™.

"H NMR spectral studies: The '"H NMR spectra of the
synthesized compounds 7a-h indicated a singlet for three
protons of a methyl group appeared at § 2.03 ppm whereas in
compounds 7¢ and 7d, a singlet for three protons for methyl
group as R; substitution was observed at 8 2.47 ppm. A singlet
for three protons of methyl group as R, substitution in comp-
ounds 7b, 7d, 7f and 7g was observed at 3 2.24 ppm. A singlet
for an aromatic chiral proton for all eight synthesized comp-
ounds 7a-h indicating the cyclization of final product appeared
in the range of 6 4.85 ppm. In compounds 7e and 7f, singlet
for three protons of methoxy group as R; substitution appeared
at 8 3.75 ppm. All compounds 7a-h gave a singlet stretching for
two protons of amine —NHs in the region of 4 6.82 ppm and a
singlet for single proton of -NH group at 8 9.95 ppm. A multi-
plet for aromatic protons from sixteen to eighteen appeared in
the range of & 7.02-8.10 ppm for all the eight synthesized
compounds.

BC NMR spectral studies: All the eight synthesized
compounds 7a-h showed signals in the region of § 14.15 ppm
for —CHj; group. Methyl group as R, substitution in compounds
7c, 7d appeared in the range of 8 21.30 ppm whereas as R,
substitution in compounds 7b, 7d, 7f, 7h appeared at § 17.25
ppm. The methoxy group as R, substitution in compounds 7e,
7f was found in the range of 8 55.80 ppm. Active methylene
C4 (-CH) for compounds 7a-h showed a single line at § 19.45
ppm. The synthesized compounds also exhibited a single peak
at 8 117.30 ppm for cyanide (-CN) group and a single peak at
d 164.72 ppm for the carbonyl (-C=0) group. A multiplet of
aromatic carbon atoms in all compounds was confirmed in
the range of & 59.24-177.10 ppm.

Biological evaluation

Antiproliferation and EGFR inhibitory activity: Eight
new compounds with substituted imidazole, pyrazol and substi-
tuted N-phenyl benzo[f]chromenecarboxamide were synthesized
tested for EGFR inhibitory activity as well as anti-proliferation
activity against known lung cancer cell line A549 known as
adenocarcinoma human alveolar basal epithelial cell line and
liver cancer cell line Hep G2, where the results obtained from
this study is represented in Table-1. The inhibition of EGFR
and its mode of action is known by stopping the transferring
of signal between the two EGFR molecules. On testing the
activities and effectiveness of these molecules, it was found
that compound 7f showed most potent activity amongst the
prepared compounds with ICsy of 0.62 + 0.02 uM, while comp-
ounds 7h and 7e showed compared good activity with ICs, of
0.66 = 0.03 uM and ICs of 0.78 = 0.03 uM, respectively. In
the case of anti-proliferative activity against A549, compounds
7h and 7f showed most potent activity with ICsy of 1.24 +
0.05 uM and 1.31 + 0.03 uM, respectively, while for Hep G2
compounds 7f and 7e showed most potent activity with ICs,
of 1.36 +0.03 uM and 1.84 = 0.03 uM, respectively. Although
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TABLE-1
INHIBITION OF EGFR KINASE AND ANTIPROLIFERATIVE
ACTIVITY ICs, (uM) OF COMPOUNDS 7a-h

Compd. EGFR A549 Hep G2
7a 12.23 £ 0.04 16.25 +0.02 18.23 £ 0.06
7b 11.79 £ 0.04 19.54 +£0.02 17.54 £ 0.05
Tc 4.26 +£0.05 5.24 £ 0.06 7.29 £0.03
7d 3.69 £ 0.03 3.53 £0.04 4.17 £0.06
Te 0.78 £ 0.03 1.98 + 0.04 1.84 £0.03
7f 0.62 +0.02 1.31 £0.03 1.36 £0.03
7g 10.12 = 0.05 9.84 + 0.06 11.21 £0.07
7h 0.66 = 0.03 1.24 = 0.05 2.02 £0.04

Erlotinib 0.032 +0.02 0.13 £ 0.01 0.12

among all the synthesized compounds only compounds 7f and
7e showed the nearest potency compared to standard erlotinib.

E. coli FabH inhibitory activity: Synthesized eight com-
pounds 7a-h with various substitution were examined for the
E. coli FabH inhibitory activity and the results obtained from
this study is represented in Table-2, the inhibition concentration
is represented in micromole. Among these eight examined com-
pounds, three showed a decent inhibitory activity. Compound
7h showed the most potent inhibitory activity with the ICs of
2.7 uM, while compound 7d showed inhibitory action at the
ICso of 3.4 uM and compound 7f showed inhibitory action at
the ICs, of 3.8 uM. While the other derivatives 7a, 7b, 7¢, 7e
and 7g showed relatively very low and poor inhibitory action
at the ICs; of 13.6 uM, 18.2 uM, 6.8 uM, 12.6 uM and 11.6
UM, respectively.

TABLE-2
E. coli FabH INHIBITORY ACTIVITY OF
SYNTHESIZED COMPOUNDS 7a-h

E. coli FabH Hemolysis
Compss I R CoGM L3O (mgl)
7a H H 13.6 >10
7b H CH, 182 >10
7c CH, H 6.8 >10
7d CH,  CH, 34 >10
7e OCH, H 12.9 >10
7t OCH,  CH, 3.8 >10
78 a H 1.6 >10
7h a CH, 27 > 10

Lytic concentration 30%

Molecular docking study

With EGFR: The synthesized compounds 7a-h interacted
with the active pocket of the protein of EGFR by using the
molecular docking method, to study the pharmacophore with
various substitutions allowing better fitting into the active pocket
and guiding the SAR. The homology model of all compounds
with the protein PDB file of active pocket of EGFR protein was
corrected using MOE software and; missing fragments and
assigning partial charge were assigned to the prepared module.
The lowest energy homology model of the geometrically opti-
mized ligand structure was used to dock the ligand site with
rigorous receptor refinement. Table-3 shows the resultant bind-
ing energy of all docked molecules. From the all synthesized
compounds, it was concluded that the main interaction observed

TABLE-3
BINDING ENERGY OF COMPOUNDS 7a-h WITH EGFR
Bindin
Compd. R, R, — A%}b)

7a H H -7.3289
7b H CH, -6.6029
Tc CH, H -7.3439
7d CH, CH; -7.2507
Te OCH; H -7.6894
7t OCH; CH; -7.5749
7g Cl H -7.2586
7h Cl CH, -7.6125

by compound 7e is one pi-pi interaction between the methoxy
phenyl ring with Trp 32 and, one hydrogen bond between the
phenylamine ring with Asn 247. Compound 7e was bound into
the active site of the EGFR pocket with the minimum binding
energy of AGb = - 7.6894 kcal/mol, amongst the all docked.
Figs. 1 and 2 show 2D and 3D binding interaction with the
pocket boundary and pocket cavity, respectively with all the
amino acids of EGFR protein residues labelled with their short-
code within the radius of 4.08 A of the ligand atom. The binding
energy of compound 7e and EGFR are shown in which two
types of interaction present on of the hydrophobic and aromatic
interactions. The binding was stabilized by one pi-pi interaction
between Trp 32 and the methoxy phenyl ring adjacent to the

‘

Fig. 2. 3D Binding model of compound 7e into the active pocket of EGFR
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pyrazole ring with a bond distance of 3.28 A and one hydrogen
bond between the phenylamine rings with Asn 247 with a bond
distance of 3.21 A in the form of arene hydrogen interaction.
From this binding model, it could be concluded that these pi-pi
interaction and hydrogen bonds from the methoxy phenyl ring
and phenylamine rings with the pocket can be said to be respon-
sible for the effective EGFR inhibitory of compound 7e from
the docking results.

With FabH: Similarly, the synthesized compounds 7a-h
and E. coli FabH interacted with the active pocket of the protein
of E. coli FabH-CoA complex structure (PDB code: 1HNIJ) by
using the molecular docking method and to understand the
behaviour of the pharmacophore with various substitutions
allowing better fitting into the active pocket and to guide the
SAR. A catalytic triad tunnel composed of Cys-His-Asn is
found in the active site of FabH, which is found in many bacteria.
This triad works as catalysis plays an important role in the
controlling of chain elongation as well as substrate binding
and hence the alkyl chain of CoA is broken at the Cys residue
of the triad of FabH, the interaction occurring between the
Cys and substrate seems to play a significant role in the binding
of the substrate. The lowest energy homology model of the
geometrically optimized ligand structure was used to dock the
ligand site with rigorous receptor refinement. The binding
energy data of all docked molecules is represented in Table-4.
The binding efficiency of all synthesized compounds 7a-h was
studied after concluding that compound 7d was found to be
bound strongly into the active pocket of the FabH with one pi-pi
interaction, two hydrogen bonds and one cation-pi interaction,
the binding energy AGb of -8.9117 kcal/mol on primary anal-
ysis of docking results. Figs. 3 and 4 show 2D and 3D binding
interaction with the pocket boundary and pocket cavity, with
the dotted line and active pocket surface of E. coli FabH protein
residues labelled with their short-code within the radius of
4.20 A of the ligand atom. The binding energy of compound
7d and E. coli FabH are shown in which three types of inter-
action present hydrophobic, aromatic interactions and cationic-
pi interaction with the aromatic ring. The binding was stabilized
by one pi-pi interaction between Trp 32 and the methoxy phenyl
ring adjacent to the pyrazole ring adjacent to the pyrazole ring
with a bond distance of 3.49 A. Pyrazole forms two hydrogen
bonds, the first of which is the hydrogen of Gly 152 and pyrazole
ring with a bond distance of 3.67 A and the second of which is
the hydrogen of Arg 151 and pyrazole ring with bond distance
4.75 A, cation-pi interaction between imidazole and Arg 151
with bond distance 4.75 A in the form of arene hydrogen inter-
action. From this interaction and the binding score, it can be
primarily concluded that the strong hydrogen bonding, pi-pi
interaction and cationic-pi interaction by the pyrazole ring,
imidazole ring and methyl phenyl ring fragment with Trp 32,
Gly 152 and Arg 151 is responsible for the effective FabH
inhibitory of compound 7d in docking results.

Computational studies

Density functional theory: The structural geometry of
all the synthesized compounds 7a-h was optimized to their mini-
mum possible energy level using the quantum computational

Asian J. Chem.
TABLE-4
BINDING ENERGY OF COMPOUNDS 7a-h WITH FabH
Bindin
Compd. R, R, — A%}b)

7a H H -7.6056
7b H CH, -7.5064
7c CH, H -7.7224
7d CH, CH, -8.9117
Te OCH; H -7.9413
7t OCH; CH; -8.1580
7g Cl H -7.7091
7h Cl CH, -7.8443

P 5
® ®

Fig. 3. 2D Binding model of compound 7d into the active pocket of FabH

Asp27

Fig. 4. 3D Binding model of compound 7d into the active pocket of FabH

tool ORCA 5.0.3 with the DFT method and B3LYP level of
DFT theory and def-2SVP basis set [25,26]. The output struc-
tures with the minimum energy of the synthesized compounds
7a-h were analyzed for the IR frequency range, none of them
were found with the negative vibrational frequency of the
optimized structure and hence the lowest frequency value of
the output structure was preferred for the geometry study. The
influence of substitution groups changing R, and R, positions
on the geometry of molecules was studied by using density
functional theory (DFT). Based on the potential planarity of
the optimized compound, two main cores of atoms 7a-h were
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found, so that two imaginary planes were passed through atoms,
where the first plane was passed from imidazole ring having
R, substitution and the second plane was passed from benzo-
chromene core having R» substitution, therefore in compounds
7a-h there is only one twist angle 6. It was conventional that
the smaller the molecular orbital energy gap AE, the greater
the reactivity and lower kinetic stability of the materials, but
from recent work we know that this conventional relation is

not obeyed in all the cases [27-29]. The factors calculated from
the quantum computational DFT study of all the compounds
7a-h are shown in Table-5. The highest occupied molecular
orbital (HOMO) and least unoccupied molecular orbital (LUMO)
of all the synthesized compounds are represented in the mole-
cular surface plot in Fig. 5. It can be observed that in molecules
7ato 7h, the HOMO density delocalized is spread over the imid-
azole and pyrazole moiety of the molecule but in molecules

TABLE-5
FACTORS CALCULATED FROM THE QUANTUM COMPUTATIONAL DFT STUDY OF MOLECULES 7a-h
Element 7a 7b Tc 7d Te 7f 7g 7h
Dipole moment (Debye) 1.939 4.235 2.209 1.958 3.512 3.234 2.176 1.613
Energy (a.u.) -1841.960 -1881.220 -1881.220 -1920.476 -1956.338 -1995.594 -2301.363 -2340.619
Twist angle (0) 24.24 24.54 24.77 2291 25.04 23.12 25.16 22.85
Eliomo (€V) -10.133 -10.161 -10.130 -10.121 -10.118 -10.109 -10.098 -10.090
ELumo (€V) -4.397 -3.767 -4.392 -4.215 -4.395 -4.217 -4.390 -4.210
I =—Egomo 10.133 10.161 10.130 10.121 10.118 10.109 10.098 10.090
A =-E ymo 4.397 3.767 4.392 4215 4.395 4.217 4.390 4.210
AE=1-A (eV) 5.736 6.394 5.738 5.906 5.723 5.892 5.708 5.880
n=>0-A)2 2.868 3.197 2.869 2.953 2.862 2.946 2.854 2.940
x=>0+A)2 7.265 6.964 7.261 7.168 7.257 7.163 7.244 7.150
o=1/m 0.349 0.313 0.349 0.339 0.349 0.339 0.350 0.340
S=1/2n 0.174 0.156 0.174 0.169 0.175 0.170 0.175 0.170
Pi=—y -7.265 -6.964 -7.261 -7.168 -7.257 -7.163 -7.244 -7.150
® = (Pi)’/2n 9.202 7.585 9.188 8.700 9.201 8.708 9.193 8.694
AN, = X/M 2.533 2.178 2.531 2427 2.536 2431 2.538 2432
®
O | N :
Sobg, Sy y ‘ Q
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Fig. 5. Frontier molecular orbitals diagram of 7a-h
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7e to 7h, the HOMO density is shifted to R; substituted phenyl
ring due to the more electron negative groups. The LUMO
density is spread over the benzochromene core of the molecule,
while no such change is seen in the benzochromene core of
the molecule due to the R, substituted. Parameters based on
the molecular orbital energy and their energy gap are also
calculated where they can be used to relet them with other
molecular properties of the ligand such parameters as softness,
hardness, global softness, absolute softness, chemical potential,
global electrophilicity, electronegativity and additional elec-
tronic charge are reported in Table-5 with the molecular energy,
twist angles between planes and dipole moment. It was conven-
tional that the softness is directly related to the biological
activity of the ligand, but the biological activity data obtained
itcan be said that the data in Table-5 are not sufficient to predict
the reactivity of the molecules.

Imidazole

Imidazole

Imidazole
Imidazole

7d

Imidazole

Imidazole

Molecular docking study: The inhibition of EGFR kinase
and antiproliferative activity ICso (WUM) of compounds 7a-h is
reported in Table-1, it was observed that among all the com-
pounds, compound 7e exhibited greater potency against all
three cancer cell lines, which are EGFR, A549 and HepG2
with the ICs of 12.23 + 0.04, 19.54 + 0.02 and 18.23 + 0.06,
respectively. Compound 7a showed least activity against the
EGFR with ICs, of 12.23 + 0.04, while compound 7b showed
the least activity against A549 cell line with ICs, of 19.54 +
0.02 and compound 7a showed the least activity against HepG2
ICso of 18.23 + 0.06, this can be attributed to the nature of the
substituents in conjugation with the core of the molecule, the
higher activity of the molecule can be due to the presence of
hydrogen at R, and R,, this position can be a good hydrogen
bond acceptor. While in the least active molecules, the presence
of the —CHj3 group at all the substitution positions can only

Imidazole

Imidazole

.12

Fig. 6. Twist angle 0 of 7a-h
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increase the electron density in the core, which must be binding
with the pocket least firmly compared to all others. The change
in the substitution can affect the geometry of the molecule also
which is a critical factor in protein binding hence this change
can bring a change in the twist angle between the aromatic
part of the molecule allowing the molecule to fit perfectly or
adversely in the pocket of EFGR, which can be quantitatively
seen in Table-5, also qualitatively it can be observed in Fig. 6.
The stronger biological interaction of compound 7f with the
protein is with residue Arg 817, where it forms one hydrogen
bond between nt-electron of methoxy phenyl ring and hydrogen
of Arg 817 with a bond distance of 3.18 A with the binding
energy of -7.5749 kcal/mol. This interaction of compound 7f
with protein residues is shown in Fig. 7. In case of FabH E.
coli, the inhibition concentration data for all the prepared
compounds shows that compound 7d exhibited greater potency
with the ICsy concentration of 3.4 uM, while compound 7b

(&)

@ \s)

showed the least potency against E. coli with the ICs, concen-
tration of 18.2 uM, from the docking score it can be seen that
compound 7d bound with the least binding energy with the
protein and their interaction in 2D and 3D shown in Fig. 8.

Conclusion

This study aimed to synthesize new molecules with
imidazole-pyrazole-benzo[f]chromene hybrids for their
potential against lung and breast cancer. Eight derivatives were
synthesized with smaller groups at substitution positions. The
synthesized compounds 7a-h were aimed for their anticancer
antimicrobial activity and some significant biological results
were obtained with a conclusion that when imidazole-pyrazole
and methyl/methoxy substitution at the R position is present
in the molecules, its hydrogen and the phenyl ring bind with
the protein and enhances the binding with more affinity also,
the imidazole-pyrazole-benzo[f]chromene core with electron-

Asn, IO)

20§

A

\

A Phe? 13.
X

Fig. 8. 2D & 3D Binding model of compound 7h into the active pocket of FabH
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donating and hydrogen bond acceptor plays a major role in
fitting the active pocket of protein. Compound 7f was shown
to be the most active against EGFR, A549 and HepG2 cancer
cell lines, while compound 7h showed to be the most active
against FabH E. coli, although other members of the prepared
series were also found to be active with comparatively higher
inhibition concentration. The highest inhibition power of the
potent prepared derivative against EGFR was about fourth time
lower than the taken standard, while for A549 the potency
was seventeenth time lower than the standard. To understand
the binding posture and sites, the molecular docking was per-
formed. Compound 7e was bound into the active site of EGFR
pocket with the minimum binding energy of AGb = -7.6894
kcal/mol, compound 7d was bound into the active site of FabH
pocket with the minimum binding energy of AGb =-8.9117
kcal/mol, amongst the all docked amongst the all docked. From
this study and observation, it can be concluded that molecules
with imidazole-pyrazole and broader molecular core composed
of benzo[f]chromene pharmacophores can be used as templet
and can be further structurally modified for target-based appli-
cation, evaluating the further scope of the pharmacophore and
study the limitations that cannot be explored by in vitro is further
needed.
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