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Synthesis and In silico Docking Study of Some New Quinazolin-2,4-diones
Targeting COVID-19 (SARS-Cov-2) Main Protease: A Search for Anti-
Covid19 Drug Candidates
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Abstract

In the present study, a new series of quinazolin-2,4-dione analogues was synthesized by reaction of 4-(2,4-dioxo-
1,4-dihydro-2H-quinazolin-3-yl)-benzoyl chloride 1 with several diamines in presence of triethyl amine (TEA) and dioxane.
The newly compounds 2-6 were structurally confirmed by means of spectral techniques such as IR, 'H-NMR, C-NMR, MS
and elemental analysis. Moreover, an in silico molecular docking analysis of the newly compounds was performed to identify
new potential therapeutic agents against Covid-19, targeting main protease (Mpro) enzyme. Compound 4 exhibited the
highest binding affinity against the selected target. In addition, in silico drug-likeness and ADMET (absorption, distribution,
metabolism, excretion, and toxicity) findings exhibited that compound 4 obeyed Lipinski’s rule of five (Ro5) and could be

used as drug candidate to combat Covid-19 disease.

Keywords: quinazolin-2,4-dione; molecular docking; covid-19; binding affinity.

1. Introduction

Coronavirus disease-2019 (COVID-19), a
viral disease caused by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV2) was showed
a global pandemic by WHO in 2020 [1]. Novel
coronavirus SARS-CoV2 causes COVID-19, an
epidemic threatening millions of peoples [2], [3]. As
protective immunity does not present in humans, the
virus is able to escape innate immune responses, it
can mushroom, unhindered, in initially infected
tissues [4]. Consecutive cell death leads to the release
of virus particles and intracellular components to the
extracellular area, which leads to immune cell
mobilization, the generation of immune complexes
and related damage [5].

Quinazolin-2,4-diones [6]-[9] are a class of fused
heterocyclic compounds which have considerable
interest because of the wide range of their
applications in medicinal and pharmaceutical
applications [10], [11] as antiviral [12], anti-cancer
[13], anti-malarial [14], anti-inflammatory [15], anti-
cholera agents [16].

In continuation with our work in the design and
synthesis of new series of quinazolin-2,4-dione
analogues, herein, the synthesis of new bioactive

compounds containing the quinazolin-2,4-dione
skeleton 2-6 was performed by reaction of 4-(2,4-
dioxo-1,4-dihydro-2H-quinazolin-3-yl)-benzoyl
chloride 1 with diamines namely, o-phenylene
diamine, p-phenylene diamine, and/or benzidine in
presence of TEA and dioxane. Moreover, in silico
molecular docking approach of the compounds [17]-
[24] was carried out to predict their binding affinities
and mode of actions against COVID-19 Mpro.
Finally, ADMET profile and physiochemical
properties of the ligand molecules were calculated
using different tools such as SwissADME,
AdmetSAR, and Mol inspiration.
2. Experimental
2.1. Chemistry
2.1.1 Instruments

The melting points of the afforded
compounds were determined using Griffin apparatus
and are uncorrected. The purity of the newly prepared
derivatives 2-6 is monitored by Thin Layer
Chromatography TLC technique. IR spectrum was
recorded on Shimadzu 408 and Bruker Vect. 22. H-
NMR and ®C-NMR spectra were recorded in
DMSO-dg solutions on BRUKER 400 FT-NMR
spectrometer, and chemical shifts are expressed in
ppm units using TMS as an internal reference. The
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chemical shifts were measured in ppm (8) related to
TMS (0.00 ppm). Finally, mass spectrum was
recorded on a HP model, Mass 5988 Mass
spectrometer at 70 eV. All the synthesized
compounds were analyzed for C, H, and N at Cairo
University, Egypt.

2.1.2 Synthesis of quinzolin-2,4-dione derivatives
2.1.2.1 4-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yl)-benzoyl chloride 1
4-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)-
benzoic acid (0.013 mol, 1 gm) was dissolved in
thionyl chloride, then the reaction mixture was
refluxed for 5 hrs. After completion of the reaction,
the excess of thionyl chloride was evaporated (b.p.
74.6 °C) by concentration the reaction mixture, then
the residue was allowed to stand at room temperature,
then recrystallized from benzene/ethanol to yield the
product 4-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yl)-benzoyl chloride 1 as yellow crystal. Yield: 85 %.
M.P: 270 °C. FT-IR (KBr, v, cm™) = 3195 (NH),
1763, 1725 (C=0's), 1630 (C=C), 751 (C-CI). H-
NMR (DMSO-ds, 400 MHz): & (ppm) =11.65 (s, 1H,
NH), 7.22-8.07 (m, 8H, Ar-H). 3C-NMR (DMSO-d,
100 MHz): & 114.74, 115.77, 123.09, 127.52, 128.04,
129.99, 130.30, 131.95, 135.81, 140.30, 150.43,
162.57, 167.35. MS (El): m/z (%) =300 [M]*, 302
[M]*+2. Anal. Calcd for C1sHoCIN2Os: C, 59.91; H,
3.02; Cl, 11.79; N, 9.32%. Found C, 60.16; H, 3.26;
Cl, 11.84; N, 9.18%.

2.1.2.2 3-[4-(1H-benzo-imidazol-2-yl)-phenyl]-1H-
quinazolin-2,4-dione 2

To o-phenylenediamine (0.003 mol, 0.36 gm) in
acetone (10 ml), 4-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)-benzoyl chloride 1 (0.003 mol, 1
gm) was added. Then the reaction mixture was stirred
at room temperature for 2 hrs until completion of the
reaction, which was indicated by TLC. The resulting
solid was filtered off then recrystallized from
methanol to afford compound 2, as pale brown
crystals. Yield: 75%. M.P: > 300 °C. FT-IR (KBr, v,
cml): 3427, 3244 (NH's), 1724, 1668 (C=0's), 1615
(C=C), 1605 (C=N). H-NMR (DMSO-ds, 400
MHz): § (ppm)= 11.63 (s, 1H, NH), 10.19 (s, 1H,
NH), 7.23-8.09 (m, 12H, Ar-H). MS (El): m/z (%)=
353.9 ['\/']+ Anal. Calcd for C1H14N4O2 (MO| Wi.:
354): C, 71.18; H, 3.98; N, 15.81%, found: C, 71.37;
H, 4.09; N, 15.90%.

2.1.2.3 General procedures for the synthesis of
arylquinazolin-2,4-diones 3-6

Reaction of 4-(2,4-dioxo-1,4-dihydro-2H-quinazolin-
3-yl)-benzoyl chloride 1 with p-phenylenediamine
(2:1 and/or 1:2 molar ratio) in dioxane (20 ml) and
few drops of TEA afforded compounds 3 and/or 4,
respectively.
N-(4-amino-phenyl)-4-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)-benzamide 3: brown crystals.
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Yield: 70%. M.P: > 300 °C. FT-IR (KBr, v, cm?):
3313, 3300 (NH>), 3062 (NH), 1723, 1662 (C=0’s),
1590 (C=C). H-NMR (DMSO-ds, 400 MHz): &
(ppm)= 11.68 (s, 1H, NH), 10.44 (s, 1H, NH), 7.02-
8.08 (m, 12H, Ar-H), 3.59 (s, 2H, NH2). 3C-NMR
(DMSO-ds, 100 MHz): 6 112.0, 114.1, 114.9, 116.6,
117.3, 127.9, 128.2, 128.4, 129.1, 1335, 1354,
137.4, 139.7, 148.4, 150.0, 161.2, 164.7. MS (El):
m/iz (%)= 372 [M]*. Anal. Calcd for CzHisN4Os
(Mol. Wt.: 372): C, 67.73; H, 4.33; N, 15.05%,
found: C, 67.86; H, 4.54; N, 15.13%.
N,N’'-(1,4-phenylene)bis(4-(2,4-dioxo-1,4-
dihydroquinazolin-3(2H)-yl)benzamide) 4: grey
crystals. Yield: 80 %. M.P: >300 °C. FT-IR (KB, v,
cmt): 3357 (NH), 1725, 1658 (C=0's), 1617 (C=C).
'HNMR (DMSO-ds, 400MHz): & (ppm)= 11.64 (s,
2H, 2NH-quinazoline), 10.24 (s, 2H, 2NH), 6.90-8.04
(m, 10H, Ar-H). *C-NMR (DMSO-ds, 100 MHz): &
114.76, 115.78, 117.57, 122.36, 123.03, 128.06,
128.57, 129.65, 135.44, 135.81, 138.85, 140.32,
150.51, 162.64, 165.15. MS (El): m/z (%)= 637 [M]
*+1. Anal. Calcd for C3sH24NsOg (Mol. Wt.: 636): C,
67.92; H, 3.80; N, 13.20%, found: C, 67.66; H, 3.68;
N, 13.08%.
Reaction of 1 with benzidine (1:1 and/or 1:2 molar
ratio) in dioxane (20 ml) and few drops of TEA
afforded compounds 5 and/or 6, respectively.
N-(4'-amino-biphenyl-4-yl)-4-(2,4-dioxo-1,4
dihydro-2H-quinazolin-3-yl)-benzamide 5: pale
yellow crystals. Yield: 75 %. M.P: 290 °C. FT-IR
(KBr, v, cmt): 3342, 3360 (NH,), 3063 (NH), 1724,
1656 (C=0's), 1580 (C=C). H-NMR (DMSO-ds,
400 MHz): & (ppm)= 11.64 (s, IH, NH), 10.46 (s, 1H,
NH), 7.09-8.07 (m, 16H, Ar-H and NH,). *C-NMR
(DMSO-ds, 100 MHz): 6 112.0, 114.3, 114.9, 117.3,
127.1, 127.9, 128.2, 128.4, 129.1, 1335, 1354,
137.4, 138.9, 139.7, 148.4, 150.0, 161.2, 164.7. MS
(ED): m/z (%)= 448 [M]*. Anal. Calcd for C27H20N4O3
(Mol. Wt.: 448): C, 72.31; H, 4.49; N, 12.49%,
found: C, 72.40; H, 4.35; N, 12.38%.
N,N’-([1,1'-biphenyl]-4,4'-diyl)bis(4-(2,4-dioxo-1,4-
dihydroquinazolin-3(2H)-yl)benzamide) 6: brown
crystals. Yield: 70 %. M.P: >300 °C. FT-IR (KBr, v,
cm?): 3287 (NH), 1731, 1652 (C=0’s), 1600 (C=C).
IHNMR (DMSO-dg, 400 MHz): & (ppm)= 11.64 (s,
2H, 2NH-quinazoline), 10.48 (s, 2H, 2NH), 7.27-8.06
(m, 24H, Ar-H). C-NMR (DMSO-ds, 100 MHz): &
112.0, 1149, 117.3, 117.9, 127.1, 127.9, 128.2,
128.4, 129.1, 1335, 135.4, 137.4, 138.9, 139.7,
148.4, 150.0, 161.2, 164.7. MS (El): m/z (%)= 712
[M]*. Anal. Calcd for CsH2sNsOgs (Mol. Wt.: 712):
C, 70.78; H, 3.96; N, 11.79%, found: C, 70.82; H,
4.06; N, 11.68%.
2.2 Molecular docking and ADMET analysis

The crystal structure of the target Mpro was
selected from RSCB protein data bank. The pdb file



SOME NEW QUINAZOLIN-2,4-DIONES TARGETING COVID-19 (SARS-COV-2) MAIN PROTEASE .. 1555

was then prepared and energy minimized using
CHARMM Force Field [30]. The pdbagt file for Mpro
target was prepared according to PyRx protocol. The
docking grid was set to 25 A x 25 A x 25 A. The grid
center was positioned at the center of the active site
of Mpro. The chemical structures of the synthesized
compounds were generated using ChemDraw 8.0,
and their 3D structures were generated using Open
Babel 2.4.1 tool [31]. All compounds were then
energetically minimized using UFF Force Field [32].
Molecular docking calculations [33]-[35] were
carried out using PyRx-virtual screening software.
As well, the lowest energy conformation from the
largest cluster was picked out as a representative
binding pose [3]. Moreover, ADMET profile and
physiochemical properties of the ligand molecules
were calculated using free access tools namely,
SwissADME, AdmetSAR, and Mol inspiration.
2. Results and discussion
3.1. Chemistry

The synthetic protocol adopted in this study
is illustrated in Scheme 1. Compound 1 was obtained
by reaction of 4-(2,4-dioxo-1,4-dihydro-2H-
quinazolin-3-yl)-benzoic acid with thionyl chloride
under solvent-free conditions. The chemical structure
of compounds 1 was confirmed by spectral analysis.
Nuclear magnetic resonance (*H-NMR) showed
singlet signal for NH proton at 6 11.65 ppm, in
addition to multiplet signals which related to
aromatic protons at & 7.22-8.07 ppm. The mass
spectrum of compound 1 is shown in Figure 1. In
addition, compound 2 was prepared by stirring of
compound 1 with o-phenylenediamine at room
temperature in acetone for 2 hrs. Moreover,
compounds 3-6 were synthesized by the nucleophilic
reaction of compound 1 with p-phenylenediamine
and/or benzidine in different molar ratios (1:1, and/or
1:2), in dioxane with few drops of TEA for 3-6 hrs.
The chemical structures of the newly compounds 2-6
were approved by their spectral and elemental
analyses. IR spectra of derivatives 2, 4, and 6
approved by valuable information about nature of
functional group present in these derivatives. The
absorption bands at 3437, and 3296 cm™ suggested
the presence of NH's, while 1726, and 1659 cm™
attributed to presence of C=0's. On the other hand,
the band at 1605 cm! suggested the presence of C=N
groups in compound 2. Also, *H-NMR confirmed the
structures, by appearance of singlet peak at 6 11.63,
10.30 ppm corresponding to two NH groups of
quinazoline moiety and NH amidic, respectively. In
addition, the aromatic protons (Ar-H) appeared at the
region of 6 6.90-8.06 ppm.
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On the other hand, IR spectra for
compounds 3, and 5 exhibited the characteristic
bands at 3333 cm™* for NH,, at 3063, 2958 cm* for
NH's, and at 1723, 1659 cm™ for C=0's groups.
Additionally, 'H-NMR spectrum showed
characteristic peaks as singlet at 6 11.66 and 10.45
ppm attributed to protons of NH's groups, in addition
a multiplet signals at & 7.05-8.07 ppm for aromatic
protons, also appearance of singlet signal at & 3.59
ppm for (NH>) protons.

3.2. Computational study

In the present study, Covid-19 Mpro was
selected as therapeutic target for identification of
potential drug candidates for coronavirus treatment.
The crystallographic structure of the target protein
was retrieved from the RCSB Protein Data Bank web
server (PDB ID: 7bqy) [25], with resolution of 1.7 A.
All the prepared compounds 2-6 were docked into the
active site of the target by using PyRx-virtual
screening tool [26]. The binding affinities of the
docked molecules to the target protein are
represented in Table 1. The molecular docking
analysis exhibited that the amide fragment and
quinazoline moiety can act as hydrogen bond
donors/acceptors to generate hydrogen bond
interactions as represented below. Figure 2 showed
the 2D and 3D representations of all docked
compounds with the target Mpro. Compounds docked
to the target enzyme and exhibited binding energies
in the range of -7.9 to -9.6 kcal/mol. As represented
in Table 1, compound 4 exhibited the best binding
energy (-9.6 kcal/mol) against Mpro and showed one
H-bond and two arene-cation interactions with the
residues GLN127, LYS5, and LYS137 at distances of
2.99, 3.77, and 5.78 A, respectively. The other
compounds also docked with the target enzyme
through various types of interactions such as H-bonds
and arene-stacking.

On the other hand, ADMET profile of the
newly prepared compounds was predicted as
presented in Table 2. The findings clearly showed
that they can be absorbed by the intestine, as their
molecular weights were in the acceptable range
(<725 g/mol). In silico absorption percentage
calculations showed high absorption percentage
values (98-100%). Hence, we can conclude that
compounds possess good absorption and distribution
properties [27], [28]. Additionally, their TPSA values
were in the acceptable range (below 140 A?),
indicating that the compounds had considerable
permeability into the plasma membrane [29].
Moreover, number of violations of Lipinski’s rule of
five is zero, indicating drug-likeness properties.
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Table 1.

Binding energies and molecular interactions between the docked compounds 2-6 and the target Mpro

Binding

Energy ) D(_)cke_d complex ) Distance
keal/ mol (amino acid-ligand) interactions A
H-bonds
LYS137:NZ—compound 2 1.86
THR199:0G1—compound 2 2.95
2 -8.2 ASP289:N—compound 2 3.00
arene-cation
ARG131:NH1—compound 2 5.00
ARG131:NH2—compound 2 5.24
H-bonds
LYS137:NZ —compound 3 3.10
THR199:0G1 —compound 3 2.39
3 -7.9 LEU287:N—compound 3 2.14
arene-cation
ARG131:NH1—compound 3 5.17
LYS137:NZ—compound 3 3.90
H-bonds
GLN127:N —compound 4 2.99
4 -9.6 arene-cation
LYS5:NZ—compound 4 3.77
LYS137:NZ—compound 4 5.78
H-bonds 288
LYS137:NZ —compound 5 2.81
5 8.6 THR199:0G1 —compound 5 2'99
' LEU271:N—compound 5 '
arene-cation 217
LYS137:NZ—compound 5 )
arene-cation
6 9.2 ARG40:NH1—_compound 6 4.76
arene-sigma
ASN84:CA—compound 6 3.53
Table 2.
ADMET profile and drug-likeness properties of the docked molecules 2-6
Molecular goqd- Permazni  Inastina) TPSA N N AMES
. rain ermeani ntestinal . . . .
}/g\;//enlqgol;; Barrier lity Absorptio logp A2 HBA HBD rotatable wolesmon toxicity Carcinogenicity
(BBB+) (Caco2+) n (HIA+)
<25 >80% Nontoxic ~ Noncarcinogenic
acceptable poor high 2.0-
ranges 130-725 -3to1.2 500 <2506 <5 <140 20.0 0.0-6.0 <10 <1
great low
2 354.36 0.99 54.57 100.00 3.67 83.54 3 2 2 0 Nontoxic Noncarcinogenic
3 372.38 0.98 52.15 99.49 2.94 109.98 3 3 4 0 Nontoxic Noncarcinogenic
4 636.61 0.96 52.76 98.02 3.87 97.65 6 4 8 0 Nontoxic Noncarcinogenic
5 448.47 0.98 52.15 99.49 4.00 109.98 3 3 5 0 Nontoxic Noncarcinogenic
6 712.71 0.96 52.76 98.02 4.72 97.65 6 4 9 0 Nontoxic Noncarcinogenic

HBA, number of hydrogen bond acceptors; HBD, number of hydrogen bond donors; logp, logarithm of partition
coefficient between n-octanol and water; n rotatable, number of rotatable bonds; TPSA, topological polar surface

area.
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4. Conclusion

In this work, a new series of quinazolin-2,4-
dione analogues 2-6 was synthesized starting from 4-
(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)-benzoyl
chloride 1 with several diamines, namely o- and/or p-
phenylenediamine, and benzidine. Their chemical
structures were characterized by IR, *H-, ®°C-NMR,
MS and elemental analysis. In addition, in silico
molecular docking technique was performed to
identify potential inhibitors against Covid-19, by
targeting Mpro enzyme. The study exhibited good
binding energies for all compounds against the target
enzyme ranging from -7.9 to -9.6 kcal/mol.
Compound 4 with the highest binding energy could
be considered as promising scaffold for design novel
inhibitors for Covid-19 disease.
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