Send Orders for Reprints to reprints@benthamscience.net

85

Letters in Drug Design & Discovery, 2020, 17, 85-93

LETTER ARTICLE

Synthesis of Piperidine Conjugated Dihydroquinazolin-4(1H)-ones and
their Antiproliferative Activity, Molecular Docking Studies and DFT

BENTHAM Calculations
SCIENCE

Letters in Drug
Design & Discovery

.. ®

in

Kereyagalahally Honneshappa Narasimhamurthy', Chandra®, Toreshettahally Ramesh Swaroop',
Swamy Jagadish® and Kanchugarakoppal Subbegowda Rangappa™”

'Department of Studies in Organic Chemistry, Manasagangotri University of Mysore, Mysuru 570006, India;
’Department of Physics, National Institute of Engineering, Mysuru 570008, India; *Department of Studies in
Biochemistry, Manasagangotri, University of Mysore, Mysuru 570006, India; *Department of Studies in Chemistry,

Manasagangotri, University of Mysore, Mysuru 570006, India

ARTICLE HISTORY

Received: December 8, 2018
Revised: March 21, 2019
Accepted: April 9, 2019

DOI:
10.2174/1570180816666190613120349

@ CrossMark

Abstract: Background: Xanthatin, fluoropyrimidine and thienopyrimidine, pyrazolopyrimidine,
pyrimidine carboxamides, and SKLB1002 are reported as VEGFR2 tyrosine kinase inhibitors.
Recently, many studies related to different heterocycles conjugated with dihydroquinazolinones are
known to have very good biological activities. In this study, we are intended to explore the cytotoxic
studies of piperidine conjugated dihydroquinazolinones against colorectal/colon cancer cell lines and
along with molecular docking studies and DFT calculations.

Methods: The colorectal/colon cell lines HCT116 and A549 cell lines were treated with these
compounds and cytotoxic activities were evaluated by MTT dye uptake method. We performed
molecular modelling for compound 3d using the Auto Dock software. The binding of compound 3d
with target proteins was studied with the collection of experimentally determined PDB database.
Optimized geometry by DFT calculations was performed with B3LYP/6-31G (d) basis set.

Results: Piperidine-conjugated dihydroquinazolinone analogues displayed anticancer activity.
Particularly, the compound 3d with electron-withdrawing substituents on a phenyl ring showed
significant cytotoxicity against HCT116 and A549 cell lines. Molecular docking studies proved that
the compound 3d has good fitting by forming hydrogen bonds with amino acid residues at the active
sites of VEGFR2. The HOMO, LUMO, their energies and UV visible spectrum were predicted using
DEFT calculations.

Conclusion: Four piperidine-conjugated dihydroquinazolinones were synthesized and evaluated
against colorectal and colon cancer cell lines. Compound 3d significantly inhibited the growth of
HCT116 and A549. Molecular docking studies displayed good fitting of compound 3d by forming
different H-bonds with the amino acid at the active sites of the VEGFR2 target. Using a theoretical
approach, we optimized HOMO and LUMO plots for the compound 3d.

Keywords: Piperidine-conjugated dihydroquinazolinones, cytotoxicity, human colorectal carcinoma, colon adenocarcinoma,
VEGFR?2 tyrosine kinase inhibitors, DFT.

1. INTRODUCTION

Dihydroquinazolinones are nitrogen-comprising heteroc-
ycles, this heterocyclic moiety is present in natural products,
and these alkaloids display decent biological activity [1].
Due to their application in biology [2], they attracted the
interest of many researchers. Many protocols related to
the synthesis of dihydroquinazolinones [3], with great
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biological significance, are reported [4]. For instance,
substituted dihydroquinazolinones are reported as cell
multiplication inhibitors [5], anti-fibrillatory and choleretic
agents [6], anti-inflammatory agents [7], gastrointestinal
motility improving and antiemetic agents, [8§] IMPDH
inhibitors [9], having H1/H2-antihistaminic actions [10], as
PARP-1 inhibitors [11] and having anticancer activity [12,
13]. Recently, 4-aminopiperidine- substituted dihydroquinaz-
olinones [14] are reported as inhibitors of both TNF-a and
p38 MAP, coumarin-dihydroquinazolinone [15] conjugates
as agonists of GPR109a receptors, morpholine conjugated
tetrahydro quinazoline carboxamides [16] as antibacterial
agents, morpholine and piperazine conjugated dihydroquin-
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azolinones [17] as antioxidants, isoxazolidine conjugated
quinazolinones [18] as antivirals and cytostatic agents.
Besides, new tetrazole conjugated quinazolin-4-ones [19] are
AT, receptor antagonists, azomethine-dihydroquinazolinones
[20] are established as anti-cholinesterase and anti-cancer
agents. Thus, the literature survey marked that these
dihydroquinazolinones derivatives showed diverse biological
activities. Based on these reports, we intended to synthesize
piperidine conjugated dihydroquinazolinones and evaluate
their antiproliferative activity against colorectal or colon
cancer cell lines.

VEGFR2 plays a crucial role in blood vessel
development and in life menacing diseases such as
intermediary of cardiovascular disorders and cancer
angiogenesis [21]. Besides, it is a well-known part of a
membrane receptor that triggers numerous signaling
pathways [22]. Notably, inhibition of VEGFR signaling
pathway is a desirable therapeutic target for the inhibition of
tumor angiogenesis in two ways [23]; first, by hindering
ligand attachment to the extracellular sphere of the kinase
receptor with monoclonal antibodies, for example,
Bevacizumab [24] while the second method is to block the
VEGF pathway by avoiding the stimulation of VEGFR-2
sites using tyrosine kinase inhibitors [25], for example,
Sunitinib [26]. Recently, furopyrimidine, thienopyridine,
pyrazolo[1,5-a] pyrimidine (DMH4) scaffolds [27],
quinazolinones [28, 29], xanthatin derivatives [30],
SKLB1002 [31], pyrimidine carboxamides [32] were
reported as potent VEGFR-2 inhibitors.

In an extension of our studies on the development of new
anti-cancer agents [33], we have synthesized a series of
piperidine conjugated dihydroquinazolinones which are
characterized by NMR and HRMS, and tested for
antiproliferative activity against HCT116 and A549 colon
cancer cell lines. We also conducted molecular docking
analysis to explore the binding mode of the most active
compound to the target enzyme along with DFT calculations.
These results are presented in this article.

2. EXPERIMENTAL

2.1. Chemistry

Reactions were monitored by pre-coated TLC plates (Merck
60F254) and were visualized under UV light. Melting points
were determined on Selaco melting point device. The 'H and
PC NMR spectra were recorded using Agilent NMR
spectrometer operated at 400 and 100 MHz, respectively
with the residual solvent peak as a reference to SiMey.
HRMS were recorded by a JEOL JMS-AXS505HA mass
spectrometer. IR spectra were taken on Shimadzu FT-IR
8300 spectrometer. Substituted sulfonyl chlorides, benzyl
chlorides and benzoyl chlorides were procured from Sigma
Aldrich India.

2.1.1. Synthetic Procedure for 2a

We prepared 1a using a previously reported method [34]. To
a solution of 1a (5 mmol) in dioxane (5 mL), a solution of
HCI in dioxane (10 mL) was added at 0°C and stirred at
room temperature for 1h [35]. The hydrochloride salt of 2a
was obtained in 90% yield.
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2.1.1.1. 6-chloro-2-(piperidin-4-yl)-2,3-dihydroquinazolin-
4(1H)-one (2a)

White solid, Mp 164- 166 °C; IR (KBr) vy 3294.5, 3195.2,
3077, 2874.56, 1666.84, 985.41 cm™. '"H NMR (400 MHz,
DMSO-dy): & 8.21 (S, 1H),7.45-7.44 (d, J= 2.8Hz, 1H), 7.22-
7.19 (m, 1H), 7.06 (s, 1H), 6.78-6.76 (d, J= 8.8Hz, 1H),
4.44-3.55 (m, 2H), 2.64-2.55 (m, 2H), 1.82-1.64 (m, 3H)
ppm. °C NMR (100 MHz, DMSO-d,): & 164.10, 146.82,
133.38, 126.69, 120.43, 116.57, 116.08, 67.70, 43.70, 40.70,
24.83 ppm. HRMS (ESI): caled for [C13H¢CIN;O+H']:
266.1209, found 266.1212, 268.1173 [36].
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Scheme 1. Synthesis of compounds 3a-d.

2.1.2. General procedure for the synthesis of 3a-d

The requisite title compounds 3a-d were synthesized by
treating 2a (1 mmol) with substituted sulfonyl chlorides/
benzoyl chlorides/benzyl chlorides (1 mmol) in the presence
of trimethylamine (TEA) (1 mmol) in dichloromethane
(DCM) (5 mL) at room temperature for 3-4h [37]. The
reaction was examined by TLC. Water (20 mL) was added to
the reaction mass, followed by the addition of (20 mL). The
organic phase was separated, washed with brine (20 mL) and
dried over anhydrous sodium sulphate. The crude products
obtained after the removal of the solvent under reduced
pressure were purified by column chromatography using
silica gel (mesh 60-120) with 30% EtOAc in hexane as
eluent, (Scheme 1) (Table 1).

2.1.2.1. 6-Chloro-2-(1-(3-fluorobenzoyl)piperidin-4-yl)-2,3-
dihydroquinazolin-4(1H)-one (3a)

(0.11g 90% yield) White solid, Mp 209-211°C; IR (KBr)
Viar 3676.08, 3294.5, 3194.25, 3077.05, 2874.56, 2951.54,
1666.84, 879.63 cm™. '"H NMR (400 MHz, DMSO-dy): &
8.17 (s, 1H), 7.50-7.45 (m, 2H), 7.29-7.17 (m, 4H), 6.86 (s,
1H), 6.76- 6.74 (d, J= 8.8 Hz, 1H), 4.3 (m, 2H), 3.52 (m 1H),
2.97 (m, 1H), 2.65-2.64 (m, 1H), 1.86 (m, 1H), 1.71 (m, 1H),
1.55 (m, 1H), 1.36 (m, 2H) ppm. "C NMR (100 MHz,
DMSO-dy): & 172.52, 164.18, 163.63, 147.07, 140.86,
130.69, 129.55, 126.78, 122.53, 116.63, 115.08, 114.83,
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Piperidine conjugated 2,3-dihydroquinazolin-4(1H)-ones.
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66.92, 46.58, 45.65, 22.11 ppm. HRMS (ESI): calcd for
[CaoH1sCIFN;O,+H']: 388.1442, found 388.1445, (m+2)
390.1393 [36].

2.1.2.2. 6-chloro-2-(1-((4-nitrophenyl)sulfonyl)piperidin-4-
yl)-2,3-dihydroquinazolin 4(1H)-one (3b)

(0.128g 86% yield) Light yellow solid Mp 212-214 °C;
IR (KBI) Ve 3293.5, 3195.23, 2874.48, 1666.68, 1079.66,
879.80 cm™. '"H NMR (400 MHz, DMSOd): & 8.41 (s, 1H),
8.14-8.12 (d, J= 8Hz, 2H), 7.97-7.95 (d, J= 8Hz, 2H),
7.82 (s, 1H), 7.43-7.41 (d, J=7.6 Hz, 1H), 7.22-7.20 (d,
J=7.6Hz, 1H), 6.85 (s, 1H), 6.74 (s, 1H), 2.25 (m, 2H), 1.67-
1.54 (m,2H), 1.37-1.24 (m, 4H) ppm. °C NMR (100 MHz,
DMSO-dy): & 164.17, 15223, 147.42, 146.40, 129.60,
128.82, 126.42, 124.0, 121.7, 116.8, 115.7, 66.54, 46.84,
4522, 2261 ppm. HRMS (ESI): caled for
[C1oH oCIF,N,OsS+H™]: 451.1031, found 451.1033, (m+2)
453.1042 [36].

2.1.2.3. 6-chloro-2-(1-(2,6-difluorobenzoyl)piperidin-4-yl)-
2,3-dihydroquinazolin-4(1H)-one (3¢)

(0.117g 88% yield) White solid, Mp 224-226 °C; IR
(KBI) Ve 3674.94, 3293.26, 2963.84, 2874.88, 1665.8,
1078.2, 879.6 cm™. 'H NMR (400 MHz, DMSO-dj): & 8.19
(d, 1H), 7.53-7.48 (m, 1H), 7.46-7.45 (d, J= 2.4 Hz, 1H),
7.23-7.15 (m, 2H), 6.94 (s, 1H), 6.85 (s, 1H), 6.77-6.74 (dd,
J=4.4 Hz, 1H), 4.58-4.48 (m, 2H), 3.41- 3.37 (m, 1H), 3.01-
2.98 (m,1H), 2.71-2.68 (m, 1H), 1.85 (m, 1H), 1.73-1.71 (m,

1H), 1.63-1.60 (m,1H) ppm. *C NMR (100 MHz, DMSO-
dg): 8173.38, 164.06, 161.03, 159.82, 148.54, 130.92,
130.47, 126.73, 123.53, 116.57, 115.08, 66.85, 46.71, 45.60,
23.64 ppm; HRMS (ESI): caled for [CaoH1sCIF,N;0,+H']
406.1315, found 406.1313, (m+2) 408.1275 [36].

2.1.2.4.  6-chloro-2-(1-(3,4-dichlorobenzyl)piperidin-4-yl)-
2,3-dihydroquinazolin-4(1H)-one (3d)

(0.109g 78% yield) White solid, Mp 160-162 °C; IR
(KBr) vne 329528, 3076.72, 1665.48, 1589.00, 890.2
cm”. '"HNMR (400 MHz, DMSO-d): & 8.09 (s,1H), 7.54-
7.45 (m,3H), 7.25-7.19 (m, 2H), 6.81 (s, 1H), 6.77- 6.75 (d,
J=8.8 Hz, 1H), 4.51 (s, 1H), 3.04 (s, 2H), 2.80-2.78 (m, 2H),
1.86-1.83 (m, 2H), 1.88-1.80 (m, 2H), 1.39-1.33 (m, 2H)
ppm. °C NMR (100 MHz, DMSO-d,): & 163.85, 148.61,
136.24, 132.26, 130.25, 129.83, 129.60, 126.34, 123.74,
116.80, 115.46, 66.88, 64.74, 55.42, 44.63, 22.36 ppm.
HRMS (ESI): caled for [CaoHyoCLN;O+H']: 424.0922,
found 424.0927, 426. 0872, 428.0865, 429.0925 [36].

2.2. Biology

2.2.1. Cell lines and Culture

The human colorectal carcinoma cells (HCT116) and
colon adenocarcinoma (A549 cells) were used for the
cytotoxic assessment of synthesized compounds. To test the
anti-proliferation, we used MTT assay. Human cell lines
HCT116 and A549 cells were bought from the National
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Center for Cell Science, Pune, India. Cells were developed in
DMEM accompanied with 10% heat-inactivated Fetal
Bovine Serum (FBS), 100 U/mL of penicillin, and 100 mg of
streptomycin/mL and incubated at 37°C in a humidified
atmosphere comprising 5% CO,.

2.2.2. MTT Assay

The cytotoxic effect of synthesized compounds against
HCT116 and A549 cell lines was determined by the MTT [3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromi
de] dye uptake method as described previously [38]. Briefly,
the cells (2.5x10%/ml) were seeded and incubated in triplicate
in a 96-well plate in the presence of different concentrations
of test compounds for 72 h at 37°C. Thereafter, 20 uL. MTT
solution (5 mg/mL) was added and incubated for 2 h at 37°C.
The lysis buffer (20% SDS-sodium dodecyl sulphate), 50%
dimethylformamide) was added and incubation was
continued for 4 to 5 hours. We measured the Optical Density
(OD) at 570 nm using the Varioskan plate reader.

2.3. Docking Studies

We performed molecular modeling of compound (3d)
using the open source software Auto Dock. We selected
target protein from the collection of experimentally
determined 3D-structures of biological macromolecules
database PDB. The docking poses in Auto Dock are ranked
according to their docking scores and the lowest binding
energy of macromolecule-ligand complex is considered
being the best. Finally, both the ranked list of docked ligand
and their corresponding binding poses were analyzed. The
docking study with VEGFR2 target using Auto Dock 4.2
proved H-bond interaction and strong binding affinity.

2.4. DFT Calculations

The computational calculations were performed using
Gauss View molecular visualization program [39] and
Gaussian 09 program package [40]. The plots of HOMO and
LUMO of the compound 3d were optimized using the
theoretical —approach. The density functional theory
(DFT/B3LYP) method with the 6-31G (d) basis set was used.

3. RESULTS

3.1. Anti-proliferative Activity

The proliferation rate of HCT116 and A549 cells in the
presence of a different concentration of compound 2a, 3a-d
was tested at 48 h time point using MTT assay. Results
showed the significant antiproliferative effect of piperidine
conjugated dihydroquinazolinones derivatives on HCT116
and A549 cells. Importantly, compound 3d showed
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significant antiproliferative action with an ICs, value of 7.56
uM and 13.56 uM on HCT116 and A549 cells respectively.
We used paclitaxel as the positive control for in vitro
cytotoxicity assay (Table 2) (Supplementary Material).

Table 2.  Antiproliferative activity of 2,3-dihydroquinazolin-
ones
Name of the Cell Line (ICs,values pM)
Compound

HCT116 AS549
2a 20.47 29.57
3a 19.59 28.67
3b 19.44 30.56
3c 16.78 26.45
3d 7.56 13.56

3.2. Molecular Docking Studies

Molecular modeling studies were performed to explore
the binding mode of the most active compounds to the target
enzymes. A Lamarckian genetic algorithm method [41]
implemented in the program suite was employed to identify
appropriate binding modes and confirmation of the ligand
molecules [42]. The compound 3d found to have a binding
energy of -9.96 kJ/mol with VEGFR2 target (PDB Code:
2QUS) with ligand efficiency of -0.37 (Fig. 1). In addition,
compound 3d was found to show hydrogen bond interaction
with active site amino acid residues Cys 919 at a distance of
1.698 A (Fig. 2) (Table 3).

3.3. HOMO-LUMO Analysis Compound 3d

The geometry of 3d was optimized by DFT/B3LYP/6-
31G(d) [39] basis set and is given in Fig. (3). For compound 3d,
HOMO confined mainly on quinazolinone ring with the
calculated energy Epomo=6.0649 eV. Instead, LUMO was
contributed by only benzo- and a carbonyl group in
quinazolinone ring with energy Erumo=1.2553 eV. Thus, the
energy gap was observed to be 4.8096 eV between HOMO and
LUMO (Fig. 4). Finally, the UV Visible spectrum was predicted
by DFT calculations which exhibited maximum absorption of a
wavelength at 160 and 167 nm with force constants f = 0.3576
and = 1.4199 respectively (Fig. 5).

4. DISCUSSION

Four dihydroquinazolinone analogues bearing piperidine
were designed, and the prepared compounds were assessed

Table 3. The dock score results of the compound 3d.
Binding Energy vdW+H-bond+ No. of Bond Lengh
Ligand Efficiency Inhibition Constant Bonding Residues
(kJ mol™) desolv energy H- bonds A)
-9.96 -0.37 49.88 -11.01 1 2QUS: A: CYS919:0 1.698
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Fig. (1). Docking of molecule (3d) in the active site pocket of VEGFR2 target.

CYS919

14698

Fig. (2). Hydrogen bond interaction of the molecule (3d) in the active site pocket of VEGFR2.
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Fig. (3). Optimized geometry of 3d calculated using DFT/B3LYP/6-31G(d) basis set.

Ee=4.8096 eV

1.2553

Energy (eV)
S = N W A U0t &N

LUMO

Fig. (4). HOMO, LUMO and energy gap between them in 3d.
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Fig. (5). Calculated UV Visible spectrum of 3d using DFT.

against colorectal and colon cancer cell lines. Most
compounds owned good anti-proliferative activities against
HCT116 and A549 cells, compound 3d showed a substantial
inhibition. VEGFR2 receptor plays an important role in
cardiovascular disorders and cancer angiogenesis. Therefore,
the inhibition of VEGFR2 receptor has implications in
cancer progression inhibition. In the present study, we
attempted to find new VEGFR2 receptor modulators using
selective antagonist. The best-fit docked conformations of
these compounds 3a-d were further selected for the
estimation of binding free energy. Binding free energy
calculations inferred that the compound 3d, displayed the
binding energy of -9.96 kJ/mol, respectively. Compound 3d
maintained a crucial interaction with CYS919 and therefore,
exhibited good binding affinity. The molecular orbital
analyses show the distribution of HOMO and LUMO
molecular orbitals over the atoms of the molecule. The plots
of HOMO and LUMO of the potent compound 3d were fully
optimized using the theoretical approach.

CONCLUSION

The title compounds 3a-d were prepared and analyzed by
spectral methods. We used cytotoxicity analyses for initial
investigation of piperidine-conjugated dihydroquinazolinones
versus HCT116 and A549. Among all the screened derivatives,
compound 3d was found to be the most potent against HCT116
and A549 at lower concentrations. Molecular docking studies to
analyze hydrogen bond interaction of the molecule with an
active site and the DFT calculations to optimize the structure of
the compound 3d were conducted.
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