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A B S T R A C T   

A series of new quinazolinone derivatives (5a-l) were designed as 3CL protease inhibitors for SARS-CoV-2 
infection. The designed derivatives were efficiently synthesized by S-alkylation/arylation of an intermediate, 
6-fluoro-3-(4-fluorophenyl)-2-mercaptoquinazolin-4(3H)-one and their successful synthesis was established by 
analytical methods, viz. IR, 1H NMR, & 13C NMR spectroscopy. The in silico inhibitory potential against 3CLpro of 
SARS-CoV-2 were studied by means of docking and dynamics simulations, and compared with the co-crystallized 
ligand (VR4) of SARS-CoV-2 3CLpro. The compounds interacted strongly within the active catalytic dyad (Cys- 
His) site, thereby anticipated to obstruct the function of 3CLpro of SARS-CoV-2. Compounds 5b, 5c, 5i, 5j and 5l 
showed efficient binding with protease 3CLpro with XP Gscore of − 7.4, − 8.3, − 7.8, − 7.5 and − 8.2 respectively. 
Furthermore, molecular dynamic simulation study of these compounds (5b, 5c, 5i, 5j and 5 l) showed stable 
interaction over 50 ns production run. Swiss ADME and pkCSM web tools showed favorable physicochemical and 
pharmacokinetic properties and fulfilled the criteria for drug-likeness of these selected studied compounds. The 
toxicity determination of these selected compounds predicted that some compounds were hepatotoxic, but were 
not AMES toxic. Compounds 5b, 5c, 5i, 5j and 5 l revealed their inhibitory potential against the SARS-CoV-2 
3CLpro, and their IC50 values were attained at 1.58, 1.25, 1.97, 0.44 and 2.56 µM, respectively. In addition, 
these compounds were found to have devoid of any significant cytotoxicity even at a higher concentration of 20 
µM against VeroE6 cells. These quinazolinone derivatives showed potent binding and inhibitory potential against 
SARS-CoV-2 3CLpro and may emerge as compounds that might act as prospective inhibitors.   

1. Introduction 

The human SARS-CoV-2 (Severe Acute Respiratory Syndrome 
Corona Virus 2) instigated the worldwide pandemic COVID-19 infection 
in december 2019, and shares common genome (82 %) identical to 
SARS-CoV outbreak in 2002 (Abian et al., 2020). The virus consists of an 
enveloped single stranded positive RNA genome and is composed of 
both the nonstructural and structural proteins. The nonstructural pro-
tein (NSP) has open reading frame (ORF) from NSP1 to NSP16. The 5′- 
end of the SARS-CoV-2 large reading frame ORF1ab (accounts for two- 
third of the genome length) is translated to two viral precursor 

polyproteins (pp1a and pp1ab) that is cleaved by viral proteases, viz. 
papain-like protease (PLpro) and main protease (Mpro, also called as 3 
Chymotrypsin-like cysteine protease, 3CLpro), to produce 16 mature 
non-structural polyproteins (NSP1-16) (Chen et al., 2022; Hartini et al., 
2021; Liu et al., 2020). The NSPs are involved in transcription, repli-
cation and virus recombination in infections (Ferreira et al., 2022). The 
3CLpro is one of the protease that is important in the lifecycle of the 
virus, with no homologous protein in humans. The 3CLpro cleaves 
polyprotein 1ab on at least eleven cleavage sites having common 
cleavage sequence, distinct from human protease and is a promising 
target for drug discovery (Chen et al., 2022). Thus, selective inhibitors 
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against this protease will have no side-effects on humans (Abdel-Mohsen 
et al., 2023). The main protease (Mpro or 3CLpro) constitute extremely 
conserved genes with 96 % sequence similarity among SARS-CoV and 
SARS-CoV-2 (Abian et al., 2020). Since, the viral genome (positive-sense 
single stranded RNA; +ssRNA) after hijacking the host ribosomes pro-
duces large polypeptide (PP) chain after translation, and this PP chain 
after cleavage by 3CLpro (encoded by the viral genome) generates 11 
NSPs (essentail for viral replication), 3CLpro is considered as a prom-
ising druggable target for anti-SARS-CoV-2 drug discovery (Hartini 
et al., 2021; Chen et al., 2022). The knowledge of the virus molecular 
structure, its life cycle and its interaction with the human cells led to the 
emergence of various vaccines and antiviral drugs for the treatment of 
SARS-CoV-2 infection. However, further research is needed to develop 
new antiviral drugs to overcome future drug resistance to avert the 
SARS-CoV-2 infections and to complement vaccines (Al Adem et al., 
2023; Atzrodt et al., 2020). 

Quinazolinones has proven to have wide variety of activities 
including anti-HIV, antibacterial, anticancer, antihypertension and 
antifungal (Riadi et al., 2022). Quinazolines are reported to have po-
tential antiviral activities against various RNA viruses such as hepatitis, 
influenza, and respiratory syncytial viruses. The effective antiviral qui-
nazolinones derivative incorporating S-substituted coumarin moiety (1) 
was reported to inhibit chikungunya and hepatitis C virus (Zhang et al., 
2020). A compound 7-chloro-2-((2,3,4-trifluorophenyl)amino)quinazo-
lin-4(3H)-one (2) among the series of 2-aminoquinazolin-4-(3H)-one 
derivatives, was reported to be active against SARS-CoV-2 with IC50 2.6 
µM and CC50 (cytotoxicity) more than 25 µM (Lee et al., 2021). To target 
the RNA genome (the causative agent of COVID-19 infection) within 
SARS-CoV-2, a small molecule having quinazoline moiety (3) was 
designed, that binds strongly with the attenuator hairpin of RNA 
genome with Kd of 11 nM. The compound (3) was futher ligated with a 

ribonuclease targeting chimera (RIBOTAC) to develop a compound (4) 
that specifically targets cellular ribonuclease to destroy the viral genome 
of SARS-CoV-2. This strategy was reported to improve the bioactivity of 
the compound (3) at least 10-fold. (Haniff et al., 2020). Two compounds 
(5 and 6) having core structure 11H-pyrido[2,1-b]quinazolin-11-one 
were recently identified as SARS-CoV-2 RNA-dependent RNA polymer-
ase inhibitors and showed comparable in silico activity to standard drugs 
favipiravir and remdesivir (Manikanttha et al., 2023). The quinazoli-
none derivatives (7) was identified as potential viral protease inhibitors 
(3CLpro) after screening a large library using cell-based assay using 
GFP-split complementation (Rothan and Teoh, 2021). The methanolic 
extract of Strobilanthes cusia leaf reduced the virus yield in the cell 
infected with HCoV-NL63 with EC50 value of 0.64 µg/ml, and the most 
potent antiviral activity was exhibited by tryptanthrin (8) having 
indoloquinazoline moiety (EC50 1.52 µM) (Mani et al., 2020). Another 
plant containing quinazoline based alkaloids, vasicine (9), deoxy-
vasicine (10) and vasicinone (11) from Peganum harmala were found to 
be active in treating the symptoms of SARS-CoV-2 (Sharma et al., 2020). 
The structures of the above discussed quinazoline derivatives having 
antiviral potential against SARS-CoV-2 is represented in Fig. 1. 

Based on the core structural framework of compound 2 (Fig. 1, 2- 
amino-quinazolin-4(3H)-one derivative), reported to have anti-SARS- 
CoV-2 potential with an IC50 of 2.6 µM, we designed some novel qui-
nazolin-4(3H)-one derivatives as potential anti-SARS-CoV-2 main pro-
tease 3CLpro inhibitors. The strategy adopted in this present work is 
structure-based drug design i.e designing of inhibitors by the modifi-
cations of known hit compounds (Lee et al., 2021). Since, the aromatic 
ring substituted with halogen groups is important for antiviral acyivity, 
it was placed at position 3 of the quinazolinone ring in the designed 
compounds (Lee et al., 2021). The introduction of the flexible alkyl/aryl 
or heteroaryl groups are introduced with thioether linkage at position 2 

Fig. 1. Reported quinazoline and quinazolinone derivatives as antiviral agents (1–11).  
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of the quinazolinone ring in order to facilitate the binding within active 
catalytic dyad consisting Cys145 and His41 (Pillaiyar et al., 2022; 
Cannalire et al., 2020; Pillaiyar et al., 2016) (see Fig. 2). The derivatives 
were studied for their potential interaction inside the binding site of 
3CLpro by molecular docking and dynamics simulation studies, and 
were also examined for their cytotoxicity and in vitro 3CLpro inhibitory 
potential. 

2. Materials and methods 

2.1. General 

The advancement of the synthesis and pureness of the intermediates 
and final compounds were optimized with thin-layer chromatography 
(TLC) throughout the reaction time, by visualizing the spots of com-
pounds in UV and Iodine vapor chambers. The melting points of the 
compounds were established by Dynalon Stuart apparatus. The IR 
spectra were documented by preparing KBr pellets of the synthesized 
compounds. The 1H and 13C NMR data were taken from BRUCKER-PLUS 
NMR spectrometer in solvent CDCl3 at 500 MHz and 125 MHz, corre-
spondingly. Molecular mass (m/z) of the derivatives were obtained by 
UPLC-MS (Q-TOF-ESI) (Waters Corp., Milford, MA, USA). 

2.1.1. 6-Fluoro-3-(4-fluoro-phenyl)-2-mercapto-3H-quinazolin-4-one (3) 
White solid; 81 % Yield; M.P.: 142–144 ◦C; IR (cm− 1): 1544 (C––C 

str), 1689 (C––O str), 3055 (Ar C–H str); 1H NMR (500 MHz, CDCl3) δ 
(ppm): 7.42 (d, 2H, 2Hph), 7.52 (d, 1H, H8), 7.59 (d, 1H, H7), 7.98 (s, 
1H, H5), 8.17 (d, 2H, 2Hph). 13C NMR (125 MHz, CDCl3) δ (ppm): 116.5 
(CH), 126.9 (CH), 128.2 (CH), 128.7 (Cq), 129.0 (CH × 2), 129.3 (CH ×
2), 137.8 (Cq), 138.7 (Cq), 138.9 (Cq), 144.5 (Cq), 155.4 (Cq), 159.4 
(Cq); ESI-MS (m/z): 291.02 (M + 1)+, 292.03 (M + 2)+. 

2.1.2. 2-Ethylsulfanyl-3-(4-fluoro-phenyl)-6-fluoro-3H-quinazolin-4-one 
(5a) 

White solid; 76 % Yield; M.P.: 146–148 ◦C; IR (cm− 1): 1556 (C––C 
str), 1672 (C––O str), 3034 (Ar C–H str); 1H NMR (CDCl3, 500 MHz,) δ 
(ppm): 1.34 (t, 3H, CH3), 3.15 (dd, 2H, CH2), 7.21 (d, 2H, Hph), 7.28 (d, 
2H, Hph), 7.52 (d, 2H, H7,8), 8.00 (s, 1H, H5). 13C NMR (CDCl3,125 

MHz) δ (ppm): 13.99 (CH3), 21.41 (CH2), 116.8 (CH), 117.0 (CH), 119.6 
(CH), 126.2 (CH), 126.7 (CH), 131.3 (Cq), 132.1 (CH), 136.0 (CH), 
136.2 (Cq), 146.1 (Cq), 156.3 (Cq), 162.1 (Cq), 162.3 (Cq), 164.3 (Cq); 
ESI-MS (m/z): 319.05 (M + 1)+, 320.06 (M + 2)+. 

2.1.3. 6-Fluoro-3-(4-fluoro-phenyl)-2-(3-methyl-but-2-enylsulfanyl)–3H- 
quinazolin-4-one (5b) 

White solid; 69 % Yield; M.P.: 147–149 ◦C; IR (cm− 1): 1541 (C––C 
str), 1665 (C––O str), 3028 (Ar C–H str); 1H NMR (CDCl3, 500 MHz) δ 
(ppm): 1.78 (s, 6H, 2 × CH3), 3.87 (dd, 2H, CH2), 5.33 (dd, 1H, CH), 
7.28 (m, 2H, 2Hph), 7.35 (m, 2H, Hph), 7.55 (dd, 1H, H8), 7.85 (dd, 1H, 
H7), 8.39 (s, 1H, H5). 13C NMR (CDCl3, 125 MHz) δ (ppm): 17.8 (CH3), 
25.6 (CH3), 31.2 (CH2), 116.6 (CH), 116.8 (CH), 117.0 (CH), 118.7 
(CH), 120.8 (CH), 127.9 (CH), 129.4 (CH), 130.8 (CH), 130.9 (Cq), 
131.3 (Cq), 137.6 (Cq), 138.1 (Cq), 146.5 (Cq), 158.2 (Cq), 160.6 (Cq), 
162.1 (Cq); ESI-MS (m/z): 359.09 (M + 1)+, 360.10 (M + 2)+. 

2.1.4. 6-Fluoro-3-(4-fluoro-phenyl)-4-oxo-3,4-dihydro-quinazolin-2- 
ylsulfanyl]-acetic acid ethyl ester (5c) 

White solid; 74 % Yield; M.P.: 152–154 ◦C; IR (cm− 1): 1542 (C––C 
str), 1672 (C––O str), 3018 (Ar C–H str); 1H NMR (CDCl3, 500 MHz) δ 
(ppm): 1.28 (s, 3H, CH3), 3.87 (s, 2H, CH2), 4.19 (dd, 2H, CH2), 7.20 (m, 
2H, Hph), 7.24 (m, 2H, Hph), 7.42 (dd, 1H, H8), 7.51 (dd, 1H, H7), 7.97 
(s, 1H, H5). 13C NMR (CDCl3, 125 MHz) δ (ppm): 14.2 (CH3), 21.2 (CH3), 
34.9 (CH2), 116.8 (CH), 117.0 (CH), 119.4 (CH), 126.1 (CH), 126.6 
(CH), 131.2 (CH), 131.5 (CH), 136.2 (Cq), 136.3 (Cq), 145.5 (Cq), 154.7 
(Cq), 161.7 (Cq), 162.3 (Cq), 164.3 (Cq), 168.6 (Cq); ESI-MS (m/z): 
377.07 (M + 1)+, 378.08 (M + 2)+. 

2.1.5. 2-Benzylsulfanyl-3-(4-fluoro-phenyl)-6-fluoro-3H-quinazolin-4-one 
(5d) 

White solid; 83 % Yield; M.P.: 149–151 ◦C; IR (cm− 1): 1571 (C––C 
str), 1682 (C––O str), 3046 (Ar C–H str); 1H NMR (DMSO, 500 MHz,) δ 
(ppm): 4.43 (s, 2H, SCH2), 7.27–7.34 (m, 3H, Hph), 7.40–7.47 (m, 4H, 
Hph), 7.55–7.59 (d, 2H, Hph), 7.68 (d, 1H, H8), 8.02 (m, 1H, H7), 8.16 
(d, 1H, H5). 13C NMR (DMSO, 125 MHz) δ (ppm): 36.4 (CH2), 116.9 
(CH), 117.1 (CH), 118.5 (CH), 121.8 (CH), 127.8 (CH), 128.9 (Cq), 
129.0 (CH × 3), 129.8 (CH × 3), 132.1 (Cq), 132.2 (CH), 137.00 (Cq), 

Fig. 2. Designing of SARS-CoV-2 3CLpro Inhibitors.  
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138.2 (Cq), 146.6 (Cq), 158.4 (Cq), 160.2 (Cq), 161.9 (Cq); ESI-MS (m/ 
z): 381.08 (M + 1)+, 382.09 (M + 2)+. 

2.1.6. 2-(4-Chlorobenzylsulfanyl)-3-(4-fluoro-phenyl)-6-fluoro-3H- 
quinazolin-4-one (5e) 

White solid; 87 % Yield; M.P.: 153–155 ◦C; IR (cm− 1): 1566 (C––C 
str), 1678 (C––O str), 3055 (Ar C–H str); 1H NMR (DMSO, 500 MHz) δ 
(ppm): 4.38 (t, 2H, SCH2), 7.32–7.35 (m, 2H, Hph), 7.37–7.41 (m, 2H, 
Hph), 7.45–7.48 (m, 2H, Hph), 7.52–7.54 (m, 2H, Hph), 7.66 (m, 1H, 
H8), 8.00 (m, 1H, H7), 8.12 (d, 1H, H5). 13C NMR (DMSO, 125 MHz) δ 
(ppm): 35.5 (CH2), 116.9 (CH), 117.1 (CH), 118.5 (CH), 121.8 (CH), 
127.8 (CH), 128.9 (CH), 129.0 (CH × 2), 131.7 (CH × 2), 132.2 (Cq), 
132.3 (CH), 132.4 (Cq), 136.5 (Cq), 138.2 (Cq), 146.6 (Cq), 149.6 (Cq), 
158.2 (Cq), 160.2 (Cq), 164.0 (Cq); ESI-MS (m/z): 415.02 (M + 1)+, 
417.01 (M + 3)+. 

2.1.7. 2-(4-Fluorobenzylsulfanyl)-3-(4-fluoro-phenyl)-6-fluoro-3H- 
quinazolin-4-one (5f) 

White solid; 84 % Yield; M.P.: 158–160 ◦C; IR (cm− 1): 1554 (C––C 
str), 1671 (C––O str), 3062 (Ar C–H str); 1H NMR (DMSO, 500 MHz) δ 
(ppm): 4.66 (t, 2H, SCH2), 7.24–7.29 (m, 2H, Hph), 7.47–7.53 (m, 2H, 
Hph), 7.54–7.99 (m, 2H, Hph), 7.62–7.67 (m, 2H, Hph), 7.81–7.85 (m, 
1H, H8), 8.00–8.14 (m, 1H, H7), 8.62–8.64 (d, 1H, H5). 13C NMR 
(DMSO, 125 MHz) δ (ppm): 36.0 (CH2), 116.8 (CH), 117.0 (CH), 119.2 
(CH), 121.0 (CH × 2), 127.9 (CH), 129.6 (CH), 130.6 (CH × 3), 130.8 
(CH), 130.9 (Cq), 134.9 (Cq), 137.9 (Cq), 146.3 (Cq), 148.4 (Cq), 157.1 
(Cq), 160.5 (Cq), 162.1 (Cq), 164.2 (Cq); ESI-MS (m/z): 399.05 (M +
1)+, 400.04 (M + 2)+. 

2.1.8. 6-Fluoro-3-(4-fluorophenyl)-2-(4-trifluoromethylbenzylsulfanyl)– 
3H-quinazolin-4-one (5g) 

White solid; 77 % Yield; M.P.: 164–166 ◦C; IR (cm− 1): 1546 (C––C 
str), 1682 (C––O str), 3044 (Ar C–H str); 1H NMR (CDCl3, 500 MHz) δ 
(ppm): 4.34 (d, 2H, SCH2), 7.10–7.11 (d, 2H, Hph), 7.17–7.18 (d, 2H, 
Hph), 7.20–7.25 (m, 2H, Hph), 7.36–7.38 (m, 2H, Hph), 7.50–7.52 (m, 
1H, H8), 7.79–7.82 (m, 1H, H7), 8.31–8.32 (d, 1H, H5). 13C NMR 
(CDCl3, 125 MHz) δ (ppm): 36.2 (CH2), 101.5 (CF3), 116.9 (CH), 117.1 
(CH), 119.3 (CH), 121.1 (CH × 2), 121.2 (CH), 128.0 (CH), 129.8 (CH), 
130.8 (CH × 2), 131.0 (CH), 131.1 (Cq), 135.0 (Cq), 138.0 (Cq), 146.5 
(Cq), 148.6 (Cq), 157.3 (Cq), 160.7 (Cq), 162.2 (Cq), 164.4 (Cq); ESI-MS 
(m/z): 449.25 (M + 1)+, 450.02 (M + 2)+. 

2.1.9. 2-(3,5-Ditrifluoromethylbenzylsulfanyl)-6-Fluoro-3-(4- 
fluorophenyl)–3H-quinazolin-4-one (5h) 

White solid; 72 % Yield; M.P.: 172–174 ◦C; IR (cm− 1): 1552 (C––C 
str), 1661 (C––O str), 3048 (Ar C–H str); 1H NMR (CDCl3, 500 MHz) δ 
(ppm): 4.37 (d, 2H, SCH2), 7.22–7.30 (d, 6H, Hph), 7.40 (s, 1H, Hph), 
7.54–7.57 (m, 1H, H8), 7.83–7.86 (m, 1H, H7), 8.34–8.35 (d, 1H, H5). 
13C NMR (CDCl3, 125 MHz) δ (ppm): 36.2 (CH2), 101.5 (CF3 × 2), 116.9 
(CH), 117.1 (CH), 119.3 (CH), 121.1 (CH), 121.0 (CH), 128.1 (CH), 
129.1 (CH), 130.0 (CH × 2), 131.0 (CH), 131.4 (Cq), 135.0 (Cq), 138.5 
(Cq), 146.5 (Cq), 148.6 (Cq), 157.2 (Cq), 160.4 (Cq), 162.6 (Cq), 164.4 
(Cq); ESI-MS (m/z): 517.01 (M + 1)+, 518.02 (M + 2)+. 

2.1.10. 2-(4-Bromo-2-fluorobenzylsulfanyl)-6-Fluoro-3-(4-fluorophenyl)– 
3H-quinazolin-4-one (5i) 

White solid; 75 % Yield; M.P.: 169–171 ◦C; IR (cm− 1): 1586 (C––C 
str), 1689 (C––O str), 3068 (Ar C–H str); 1H NMR (CDCl3, 500 MHz) δ 
(ppm): 4.38 (s, 2H, SCH2), 7.22–7.30 (d, 6H, Hph), 7.37–7.42 (m, 1H, 
Hph), 7.54–7.57 (m, 1H, H8), 7.83–7.86 (m, 1H, H7), 8.34–8.35 (d, 1H, 
H5). 13C NMR (CDCl3, 125 MHz) δ (ppm): 29.7 (CH2), 117.0 (CH), 117.1 
(CH), 119.1 (CH), 119.3 (CH), 119.4 (CH), 121.2 (CH), 121.6 (CH), 
123.0 (CH), 123.1 (CH), 127.5 (CH), 128.1 (Cq), 129.8 (Cq × 2), 131.0 
(Cq), 131.1 (Cq), 132.4 (Cq), 138.0 (Cq), 146.4 (Cq), 157.1 (Cq), 160.6 
(Cq); ESI-MS (m/z): 476.58 (M + 1)+, 478.42 (M + 3)+. 

2.1.11. 2-(4-Cyanobenzylsulfanyl)-3-(4-fluoro-phenyl)-6-fluoro-3H- 
quinazolin-4-one (5j) 

White solid; 73 % Yield; M.P.: 157–159 ◦C; IR (cm− 1): 1554 (C––C 
str), 1671 (C––O str), 2257 (CN str), 3065 (Ar C–H str); 1H NMR 
(DMSO, 500 MHz,) δ (ppm): 4.40 (t, 2H, SCH2), 7.25–7.31 (m, 2H, Hph), 
7.53–7.61 (m, 5H, Hph), 7.73–7.74 (m, 1H, H8), 7.94–7.96 (m, 1H, H7), 
8.01–8.03 (d, 1H, H5). 13C NMR (DMSO, 125 MHz,) δ (ppm): 35.6 
(CH2), 119.7 (CH), 121.3 (CH), 122.2 (CH), 124.3 (CH), 125.8 (CH), 
126.8 (CH), 129.2 (CH × 2), 129.8 (CH × 3), 130.2 (Cq), 131.4 (Cq), 
131.6 (Cq), 135.6 (Cq), 136.3 (Cq), 136.5 (Cq), 140.1 (Cq), 145.6 (Cq), 
154.7 (Cq), 161.7 (Cq); ESI-MS (m/z): 406.02 (M + 1)+, 407.01 (M +
2)+. 

2.1.12. 2-[6-Fluoro-3-(4-fluoro-phenyl)-4-oxo-3,4-dihydro-quinazolin-2- 
ylsulfanyl]-N-naphthalen-1-yl-Acetamide (5l) 

White solid; 65 % Yield; M.P.: 168–170 ◦C; IR (cm− 1): 1546 (C––C 
str), 1665 (C––O str), 3066 (Ar C–H str), 3388 (NH str); 1H NMR 
(DMSO, 500 MHz) δ (ppm): 4.06 (s, 2H, SCH2), 7.21–7.32 (m, 3H, Hph), 
7.43–7.46 (m, 2H, Hph), 7.58–7.66 (m, 2H, Hph), 7.70–7.73 (m, 1H, 
Hph), 7.80–7.82 (m, 1H, Hph), 7.83–7.85 (m, 1H, Hph), 7.83–7.85 (m, 
1H, H8), 7.95–7.97 (m, 2H, Hph), 7.98–7.99 (m, 1H, H7), 8.36–8.38 (d, 
1H, H5), 9.31 (s, 1H, NH); ESI-MS (m/z): 474.06 (M + 1)+, 475.05 (M +
2)+. 

2.2. Extra-precision (XP) docking 

The protein of SARS-CoV-2 3CLpro co-crystallized with a deuterated 
GC376 alpha-ketoamide analog (VR4) having 1.65 Å resolution was 
acquired from PDB (protein data bank) in pdb format (PDB ID: 7K0F) 
(Dampalla et al., 2021). The protein structure was refined with protein 
preparation wizard for extra-precision (XP) docking using Maestro 
Schrodinger version 9.4. The procedure includes the removal of the 
water and optimization of the hydrogen bonds. The energy of the 3D 
structure was minimized by FF (force field) OPLS_2005 to a RMSD (root 
mean square deviation) of 0.3 Å. The grid box of dimension 20 × 20 ×
20 Å was generated by choosing the co-crystallized ligand (VR4). The 
energy minimization of the ligands including tautomeric and proton-
ation states of the compounds (5a-l) at 7.0 ± 2.0 pH, were generated by 
using option LigPrep with Epik and OPLS_2005 FF. The ligands struc-
tures including the reference compound (VR4) were docked to 3CL 
protease using glide tool of glide extra-precision (XP) docking (Friesner 
et al., 2006). 

2.3. ADMET analysis 

The absorption, distribution, metabolism, excretion, and toxicity 
(ADMET) of the 5 potent compounds nominated on the basis of the 
docking scores, were determined by the web tools SwissADME and 
pkCSM (Daina et al., 2017; Pires et al., 2015). 

2.4. MD simulation 

The five selected compounds were evaluated for its stability and 
interactions inside the binding area of the protein by MD simulations 
studies, executed for 50 ns MD run. The ligands topology was generated 
using the package GROMACS2018.1 (OPLS-AA FFs) and the server 
SwissParam, as per previously explained protocol (Van Der Spoel et al., 
2005; Zoete et al., 2011; Alamri, 2020). The simulation was executed at 
constant 300 K of temperature (isothermal) and 1 atm of pressure 
(isobaric). The trajectories were generated each 2 fs and were saved each 
2 ps. In brief, the complex generated between the ligand and the proteins 
was within the space of at least 1 nm space hydrated with water mole-
cules (TIP3P model) in a triclinic dimension. The solvated complex was 
then neutralized Na+Cl- counter ions. The complexes were energy 
minimized by steepest decent algorithm with 1000 kJ/mol/nm, and 
within 0.01 nm of maximum step size. The constraint of the bond length 
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Scheme 1. Route of synthesis for final target compounds (5a-l).  

Fig. 3. The docking conformation of the docked ligands in the binding pocket of main protease 3CLpro using molecular docking. A. Surface representation of all 
compounds binding mode in the active site of 3CLpro; B. Ribbon representation of all compounds binding mode in the active site of 3CLpro. 
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and the electrostatic calculations were run by Linear Constraint Solver 
algorithm (LINCS) and PME method. After the energy minimization for 
100 ps, each complex was equilibrated using canonical ensembles NVT 
followed by NPT. The GROMACS analysis tool was used to calculate 
backbone and ligand RMSD, RMSF and the hydrogen bonds fluctuations. 

2.5. Cellular viability assay 

The cellular viability assay was executed by MTT (3-(4,5-dime-
thylthiazol-2-yl)-2,5- diphenyltetrazolium bromide) assay. Concisely, 
VeroE6 cells (2 × 105 cells/well) were planted in 24-well plates. The 
varying concentrations (2.5, 5, 10 and 20 µM) of compounds 5b, 5c, 5i, 
5j and 5l were then incubated in a CO2 incubator for 24 h at 37 ◦C. The 
control does not receive any compound treatment. After 24 h, wells were 
supplemented with MTT at a concentration of 2 mg/mL (HiMedia) at 
37 ◦C and further incubated for 4 h. The formazan crystals obtained 
were liquefied in DMSO (100 μL) at 37 ◦C for 15 min. The OD (optical 
density) was estimated at 570 nm using a microplate reader (Islamuddin 
et al., 2021). Cell viability was calculated by the formula provided in Eq. 
(1). 

CellViability(%) =

[
SampleOD
ControlOD

]

× 100 (1)  

2.6. 3CLpro inhibition assay 

The SARS-CoV-2 3CLpro assay kit, available commercially (BPS 
Bioscience, CA, USA) was employed in this study (in vitro) to investigate 
the inhibition of 3CLpro of SARS-CoV-2 by the compounds 5b, 5c, 5i, 5j 
and 5l. The experiments were performed according to the manufac-
turer’s instructions, and all the samples were assayed in triplicate. 
Briefly, recombinant 3CLpro (150 ng) of SARS-CoV-2 was incubated 
with the tested compounds 5b, 5c, 5i, 5j and 5l at varying concentra-
tions of 10, 5, 2.5, 1.25 and 0.625 µM. Test samples (enzyme + test 
compound + substrate), DMEM as negative control (enzyme + DMEM +
substrate), and a protease inhibitor GC376 as a positive control (enzyme 
+ GC376 + substrate), were investigated during this study. The supplied 

substrate was used and the reaction mixture was incubated for 4 h at RT. 
A Synergy H1TM Hybrid Multi-Mode Microplate Reader (BioTek In-
struments, Inc., VT, USA) was used to measure the fluorescence intensity 
at the wavelengths of 360 nm (excitation) and 460 nm (emission) (Ngwe 
Tun et al., 2022). 

2.7. Statistical analysis 

The data acquired after three autonomous experiments (in tripli-
cates) were examined by one-way ANOVA (GraphPad Prism 8.0 soft-
ware). Error bars indicates SEM (standard error of mean). 

3. Results and discussion 

3.1. Chemistry 

The procedure adopted for the synthesize the novel thioquinazolin-4 
(3H)-one derivatives is described in our previous published article and 
represented in Scheme 1 (Riadi et al., 2022). The procedure started with 
the reaction of 4-fluorophenylisothiocyanate (1 mmol) with 5-flouroan-
thranilic acid (1 mmol) in the company of catalytic amount of trie-
thylamine (Et3N; 1.1 mmol) and absolute ethanol (EtOH; 20 mL) as 
solvent. The reaction was refluxed for 2 h and optimized with the help of 
thin layer chromatography (TLC). The precipitate obtained after pouring 
the raw product in water was filtered, and then recrystallized with EtOH 
to attain the pure intermediates 3. The compound 3 (1 mmol) was 
reacted with alkyl/aryl halide (1 mmol) (4a-l) in the company of 
anhydrous K2CO3 (1.5 mmol) and refluxed under acetone (10 mL) for 
ten hours. The reaction product obtained was then filtered, and the 
solvent was evaporated in vacuo. The raw product was recrystallized 
from EtOH to attain the final products (5a-l). 

3.2. Extra-precision (XP) docking 

The synthesized compounds and the co-crystallized ligands (VR4) 
were docked in the binding site of SARS-CoV-2-3CLpro protein. The 
surface and ribbon representation of the protein with docked ligands are 

Fig. 4. Overlay of the conformations of the docked ligands (green) vs. VR4 (co-crystallized), A. Top 5 high scoring quinazolinone derivatives, B. Compound 5b, C. 
Compound 5c, D. Compound 5i, E. Compound 5j, F. Compound 5 l in the active pocket of main protease 3CLpro. 
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represented in Fig. 3. The ligands conformations of the five best bind-
ings, compared with the docked co-crystallized ligands (VR4) are rep-
resented in Fig. 4. The extra-precision docking studies revealed that the 
co-crystallized ligand (VR4) binds effectively in the active site of 3CLpro 
of SARS-CoV-2, by four H-bonds with the amino acids, namely Leu141, 
Asn142 and Glu189. In addition, amide-pi stacked contact was wit-
nessed between the distal phenyl ring and Thr190, along with several 
alkyl-alkyl and pi-alkyl hydrophobic contacts with His41, Met49, 
His163, Met165 and Ala191. Compounds 5b, 5c, 5i, 5j, and 5l were 
found to have good XP docking score and binding energy, among all the 
docked compounds. Among them, compound 5c was found to be the 
highest scoring compound, and it binds to the key amino acid residue 
Asn142 and Gln189 by two hydrogen bonds and Asp187 by one halogen 
bond. A pi-sulfur interaction was also observed between quinazolinone 
ring and Cys44. Thr25 is found to be involved in pi-sigma contact with 
the phenyl ring. Moreover, Cys145 and His163 were involved in alkyl- 
alkyl and pi-alkyl hydrophobic interactions. Compound 5l was found 
to interact with 2H-bonds with Gly143 and Glu166, and three H-bonds 
with Phe140, Glu166 and Arg188. One pi-pi T-shaped contact with 
His41, pi-sulfur with Cys145, and pi-alkyl contacts with Met49, Cys145, 
and Met165 were also observed. Compound 5i also interacted in similar 
fashion, having two H-bonds with Glu166 and Gln189, and three 
halogen bonds with Phe140, Glu166 and Gln189. One pi-pi T-shaped 
contact with His41, one pi-sulfur interaction with Cys145, and alkyl- 
alkyl and pi-alkyl contacts with Cys145, Met165 and Pro168 were also 
involved in binding. Compound 5j binding interaction revealed two 
hydrogen bonds (Cys44 with cyano & Gly143 with keto group), one 
halogen bond (His163), pi-pi stacked interaction with His41, and pi- 
alkyl interactions with Cys145. Similarly, compound 5b docking 
revealed one H-bond with Glu166, three halogens bonds with Phe140, 
Glu166, and Arg188, pi-sulfur contact with Cys145, pi-pi T-shaped 
contact with His41, and alkyl-alkyl and pi-alkyl hydrophobic contacts 
with Leu27, His41, Cys145, and Met165. The 3CLpro forms homodimer 
and each monomer is split into three domains (I-III). The active site of 
the cleft is between domain I (residue 10–99) and II (100–182) and has 
six sub sites corresponds to peptide substrate. The His41 and the Cys145 
form the catalytic dyad of the active sites and is part of domain I and II 
(Ghosh et al., 2007). The His41 deprotonates the thiol of Cyst145 to act 
as nucleophile and form a thioester linkage with carbonyl carbon of Gln 
of peptide substrate. This thioester linkage formation is important step 
for the catalysis of 3CLpro and target antiviral compounds (Ferreira 
et al., 2022). Most of our compounds including 5a; 5b; 5d, 5e, 5h, 5i, 

5k, and 5l showed pi-sulfur interaction with Cys145. The binding 
interaction of the compounds (5a-l) and the co-crystallized ligands are 
represented in tabular form (Table 1) and their 3D interaction are rep-
resented in Table 2. 

3.3. ADMET analysis 

The compounds 5b, 5c, 5i, 5j and 5l having efficient bindings with 
the receptor SARS-CoV-2 3CLpro were selected for ADME and toxicity 
calculations. The ADME and the drug-likeness stuffs of the compounds 
are important factors for the development of new drugs. The absorption 
parameters, viz. water solubility (LogSw) and lipophilicity (LogPo/w) of 
the compounds shows whether the compounds are more lipophilic or 
hydrophilic. The lipophilicity of these compounds were in the range of 
3.38 to 3.74 (recommended < 5), and the logSw values were between 
− 4.67 to − 6.79, which indicated poor water solubility and more lipo-
philic nature of these compounds. The drug-likeness property predicts 
the molecules to be developed as orally bioavailable drug by comparing 
their physicochemical or structural characteristics. The Lipinski rule of 5 
and the Veber methods predicts compounds about their pharmacolog-
ical activity after oral administration (Lipinski et al., 2001; Veber et al., 
2002). The five properties of Lipinski rule state oral drug should have no 
more than one violation that include molecular weight ≤ 500 g/mol; 
partition coefficient ≤ 5; number of H-bond accepters ≤ 10 and H-bond 
donors ≤ 5 and the number of rotatable bonds ≤ 10. The Veber rule 
includes two criteria that compounds should have ≤ 10 rotatable bonds 
and polar surface area should be less than 140 Å2. All the potent com-
pounds passed the Lipinski and Veber parameters to be orally active (see 
Table 3). 

The absorption of the compounds is related to skin permeation 
(logKp) and Caco-2 permeability. The skin permeation of all the com-
pounds were below − 2.7, which is less than − 2.5 means compound can 
penetrate the skin. The Caco-2 permeability was between 0.958 and 
1.139, which is higher than the standard value. The larger the value of 
logarithm of permeability (log Papp > 8 × 10–6) the larger will be Caco- 
2 permeability (Sucharitha et al., 2021). The logKp (skin permeation) is 
linearly correlated with molecular size and lipophilicity. After absorp-
tion, the drug has to cross several membranes such as BBB, intestinal 
membrane etc. The BBB (blood brain barrier) permeability and HIA 
(human intestinal absorption) represent the absorption and the distri-
bution of compounds. The data showed that except 5c all the tested drug 
can cross BBB. The predicted human intestinal absorption of the 

Table 1 
XP docking score, Glide emodel, and binding interactions of quinazolinone derivatives (5a-l) in the active site of main protease 3CLpro.  

Ligands XP 
GScore 

Glide emodel (kcal/ 
mol) 

H-bonds Halogen bonds pi-pi pi- 
sulfur 

Alkyl-alkyl & pi-alkyl 

VR4  − 9.4  − 78.7 Four with Leu141, Asn142, 
Glu189 

— — — His41, Met49, His163, Met165, 
Ala191 

3  − 6.2  − 44.5 One with Glu166 Four with Phe140, Glu166, Asp187, 
Arg188 

His41 Cys145 Cys145, Met165 

5a  − 7.0  − 68.4 One with Glu166 Four with Phe140, Glu166, Asp187, 
Arg188 

His41 Cys145 Cys145, Met165 

5b  − 7.4  − 54.3 One with Glu166 Three with Phe140, Arg1888 His41 Cys145 Leu27, His41, Cys145, Met165 
5c  − 8.3  − 57.3 Two with Asn142, Gln189 One with Asp187 — Cys44 Cys145, His163 
5d  − 6.5  − 60.4 One with Glu166 Three with Phe140, Glu166, Arg188 His41 Cys145 Cys145, Met165 
5e  − 6.1  − 59.8 Two with Asn142, Gly143 Three with Phe140, Leu141, Glu166 — Cys145 Met49, Pro52 
5f  − 6.9  − 53.6 One with Gly143 Two with His41, 

Leu141 
— Cys44 Met49, Cys145, Met165 

5g  − 7.3  − 48.0 One with Thr190 Four with Thr26, Glu166, Gln189, 
Thr190 

— — Met49, Cys145, Met165 

5h  − 7.2  − 75.8 Two with Thr26, 
Glu166 

Five with Thr24, Thr26, Phe140, 
Glu166, Arg188 

His41 Cys145 Cys145, Met165 

5i  − 7.8  − 64.58 Two with Glu166, Gln189 Three with Phe140, Glu166, Gln189 His41 Cys145 Cys145, Met165, Pro168 
5j  − 7.5  − 57.5 Two with Cys44, 

Gly143 
One with His163 His41 — Cys145 

5k  − 7.0  − 60.5 Two with His41, 
Glu166 

Four with Phe140, Glu166, Asp187, 
Arg188 

His41 Cys145 Met49, Cys145, Met165 

5l  − 8.2  − 59.9 Two with Gly143, Glu166 Three with Phe140, Glu166, Arg188 His41 Cys145 Met49, Cys145, Met165  
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Table 2 
Quinazolinone derivatives and their binding modes into the active site of main protease 3CLpro.

Ligands R 3D interactions 

VR4 — 

3 H 

(continued on next page) 
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Table 2 (continued ) 

Ligands R 3D interactions 

5a 

5b 

(continued on next page) 
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Table 2 (continued ) 

Ligands R 3D interactions 

5c 

5d 

(continued on next page) 
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Table 2 (continued ) 

Ligands R 3D interactions 

5e 

5f 

(continued on next page) 
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Table 2 (continued ) 

Ligands R 3D interactions 

5g 

5h 

(continued on next page) 
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Table 2 (continued ) 

Ligands R 3D interactions 

5i 

5j 

5k 

(continued on next page) 
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compounds was between 92.11 and 98.09 % indicating good absorption. 
The (fraction unbound in plasma) hFU is another parameter for esti-
mating the pharmacokinetics of the drugs (volume of distribution) and 
portion of free drug in plasma that escape to surroundings (del Amo 
et al., 2013). The results showed it ranges from 0.190 to 0.298. The 
substrate permeability glycoprotein (P-gp) is an ATP-binding trans-
porter and evaluates the active efflux by biological membranes. The 
substrate for P-gp indicates increased excretion, reduced distribution, 
and absorption. The compounds 5j and 5 l were predicted to be sub-
strates for P-gp. The interaction with the cytochrome P450 (CYP) in-
volves the excretion after metabolic biotransformation. The compounds 
were metabolized by CYP3A4 inhibitors enzymes. The enzymes facili-
tate excretion by the oxidation process (Jeyaraman et al., 2020). All the 
5 compounds were predicted to be hepatotoxic, probably due to the 
presence of sulfur atom in the structures. The compounds except 5j, 
showed no AMES toxicity (see Table 4). 

3.4. MD simulation study 

The MD simulation studies explains the alterations in the protein’s 
3D structure upon ligand binding and predict the ligand–protein sta-
bility. The RMSD profiles of the docked complexes of compounds 5b, 5c, 
5i, 5j and 5 l with 3CLpro as predicted by molecular docking were 
generated with GROMACS 2018.1 package. The reference was the co- 
crystallized inhibitor VR4. As shown in Fig. 5A, the trajectories of 50 
ns simulation were studied for 3CLpro protein and ligand complex. The 
RMSD of the backbone atom for 50 ns showed that 3CLpro protein 
reached stability after 25 ns whereas, the quinazolinones compounds 
reached stability in less than 25 ns. The reference complex 3CLpro-VR4 
complex and the 3CLpro-quinazolinone complex are stabilized until the 
end of the MD trajectory 50 ns except complex 5c which is stable up to 
45 ns and then showed a little fluctuation at the end of the production 
run. The average RMSD value for the 3CLpro and the 3CLpro-quinazoli-
none complex were found to be less than 3 Å, which indicates quite rigid 
and similar trend of the trajectory. All compounds showed little flexi-
bility at initial phase of stimulation and reached stability after 10 ns. 

Table 2 (continued ) 

Ligands R 3D interactions 

5l 

Table 3 
Physicochemical parameters of the Quinazolinones derivatives.  

Compd. MW logPo/w logSw HB donor HB acceptor TPSA (Å2) nrot DL nLV nVV 

5b  358.4  3.49  − 5.47 0 4  60.19 4 Yes 1 0 
5c  376.3  3.38  − 4.67 0 6  86.49 6 Yes 0 0 
5i  477.3  3.74  − 6.79 0 5  60.19 4 Yes 1 0 
5j  405.4  3.42  − 5.67 0 5  83.98 4 Yes 0 0 
5l  459.4  3.57  − 6.72 1 5  89.29 5 Yes 1 0 

MW – molecular weight, logPo/w (iLOGP) – octanol/water partition coefficient; log Sw -aqueous solubility; Donor HB – number of groups with hydrogen bond donor 
(HBD); Acceptor HB – number of groups with hydrogen bond acceptor; TPSA – Topological Polar Surface Area; nrot – number of rotatable bonds; DL- Drug likeness; 
nLV – number of Lipinski rule violation; nVV- number of Veber’s rule violations. 

Table 4 
The ADME and the toxicity parameters of the quinazolinones derivatives.  

Compd. Caco-2 
(cm/sec) 

HIA SP BBB hFU P-Gp CYP3A4 inhibitor AMES toxicity Hepatotoxicity 

5b  1.245  95.83  − 2.734  0.209  0.294 No No No Yes 
5c  1.212  97.94  − 2.735  − 0.155  0.298 No Yes No Yes 
5i  1.139  96.84  − 2.72  0.484  0.263 No Yes No Yes 
5j  1.098  98.09  − 2.69  0.071  0.190 Yes Yes Yes Yes 
5 l  0.958  92.11  − 2.73  0.142  0.225 Yes Yes No Yes 

Caco-2 Human colorectal carcinoma (logPapp in 10–6 cm/s); HIA – human intestinal absorption (% absorbed); SP – Skin permeation (log Kp); BBB- blood–brain-barrier 
(logBB); hFU – Fraction unbound human; P-Gp Subs – P-glycoprotein substrate; CYP3A4 inhibitor. 

M.A. Alamri et al.                                                                                                                                                                                                                              



Arabian Journal of Chemistry 17 (2024) 105384

15

From the Fig. 5B, it was observed that compounds 5b, 5c, and 5l has 
lower RMSD value as compared to 5i, 5j and reference compound VR4. 
Thus, the compounds 5b, 5c and 5l are well located within the active 
sites of the receptor 3CLpro. The compound 5b and 5c has lower RMSD 
as compared to the reference, approximately 2 Å and stable after 10 ns. 
However, compound 5i resides within the catalytic dyad as it has very 
similar RMSD as that of reference and do not exceed 3 Å. The complex 5l 
is flexible in the start of the run and becomes stable after 25 ns and was 
in the active sites like the molecular dynamic studies of the reference 
compound. The study confirms that upon binding of the synthesized 
quinazolinone compounds, there were no major variation or confor-
mational changes observed in protein 3CLpro. The root means square 
fluctuation profile as shown in Fig. 6A of the potent quinazolinones with 
3CLpro were also generated. The RMSF analyzed the portion of the 
protein that diverges from the overall structure. A higher RMSF value 
shows more flexibility as compared to the lower RMSF values. The 
compound 5i showed lesser fluctuation in Glu166 and Gln189, and has 
more stability as compared to 5a, 5b, 5j and 5l. The binding with 
Gln189 residue showed less flexibility as compared to the other com-
plexes. Comparing all the RMSF plots of the quinazolinones showed the 
compound 5c to be more flexible than the others. The average RMSF 
values for the quinazolinones derivatives are <2 Å and are lower than 
3CLpro-VR4 complex and were stable enough to be considered as po-
tential drug against SARS-CoV 2. The hydrogen bonds are important for 

stability and drug specificity. The pattern of the H-bonds expresses the 
stability of the complex within the protein structure. The results from 
the Fig. 6B showed that maximum number of hydrogen bonds formed is 
three with the reference compound and maximum four hydrogen bonds 
for the potent quinazolinone derivatives was observed with compound 
5j. As indicated earlier the binding to the domain I and II of the 3CLpro is 
important for the compounds to be active against SARS-CoV-2. The 
compounds showed intermolecular hydrogen bonds with amino acids of 
the domain I and II. It was observed that maximum of the 2 intermo-
lecular hydrogen bonds interactions exists for 5l and 1 intermolecular 
hydrogen each with 5b, 5c and 5i complexed with 3CLpro. The 
hydrogen bonds with the quinazolinone derivatives confirmed binding 
with protein 3CLpro effectively, like VR4-CLpro complex. 

3.5. Effect of compounds on VeroE6 cells 

To find out any toxic effect of compounds (5b, 5c, 5i, 5j and 5l) on 
mammalian cells, cell viability test by MTT assay was performed. It was 
observed that all the five selected compounds did not showed cytotox-
icity against the VeroE6 cell line even at higher dose (Fig. 7). The assay 
results confirmed that the tested compounds (5b, 5c, 5i, 5j and 5l) do 
not have any cytotoxic effect on VeroE6 cells at a concentration of 20 μM 
after 24 h of duration. 

Fig. 5. Stability of main protease 3CLpro in complex with top binding quinazolinone derivatives with respect to reference; co-crystalized ligand (VR4) (shown in 
black). (A) Backbone-RMSD plots of main protease 3CLpro in complex with top binding quinazolinone derivatives over 50 ns MD production run; (B) Ligand-RMSD 
plots of top binding quinazolinone derivatives over 50 ns MD production run. 

M.A. Alamri et al.                                                                                                                                                                                                                              



Arabian Journal of Chemistry 17 (2024) 105384

16

Fig. 6. (A) Backbone-RMSF plots of main protease 3CLpro in complex with top binding quinazolinone derivatives over 50 ns MD; (B) The number of hydrogen bond 
between main protease 3CLpro and quinazolinone derivatives over 50 ns MD production run. 

Fig. 7. Cell viability assay of compounds 5b, 5c, 5i, 5j and 5l at varying concentrations (2.5, 5, 10 and 20 μM) on VeroE6 cells. A representation of three individual 
experiments with triplicate values is presented graphically. 
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3.6. 3CL protease inhibitory activity 

The compounds 5b, 5c, 5i, 5j and 5l were investigated for their 
potential inhibitory effect on the activity of 3CLpro, by testing them at 
varied concentrations of 10, 5, 2.5, 1.25 and 0.625 µM. It was observed 
that all of the tested five compounds significantly inhibited 3CL-protease 

activity in a dose dependent manner (Fig. 8) and 5j showed extremely 
significant inhibitory effect against SARS-CoV-2 3CLpro. The 50 % 
inhibitory concentration (IC50) of 5b, 5c, 5i, 5j and 5l were found at 
1.58, 1.25, 1.97, 0.44 and 2.56 µM concentrations, respectively. The 
IC50 value of positive control (GC376) against 3CLpro was achieved at 
1.61 nM. After molecular docking studies, the five high scoring 

Fig. 8. 3CLpro inhibition by compounds 5b, 5c, 5i, 5j, 5l and GC376. The statistical analysis of the experimental data was presented as mean ± SEM from three 
independent experiments in triplicate. 
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derivatives (5b, 5c, 5i, 5j and 5l) having Glide XP score − 7.4, − 8.3, 
− 7.8, − 7.5 and − 8.2 respectively, were selected for further selected for 
ADMET analysis, MD simulation, cellular viability assay and in vitro 
3CLpro inhibition assay studies. However, in 3CLpro inhibition assay 
the IC50 value for the respective compounds were found to be 1.58, 1.25, 
1.97, 0.44 and 2.56 µM. Although, all the high scoring compounds were 
found to be active in inhibiting SARS-CoV-2 3CL protease, compound 5j 
was found to be the most potent having IC50 value 0.44 µM. This lack of 
correlation between the docking score and IC50 value can be attributed 
to the presence of cyano group in compound 5j. In the molecular docking 
studies, we observed that the cyano group interacted with Cys44 with a 
hydrogen bond, while no other derivatives have hydrogen bonding with 
Cys44. The high potency of compound 5j can be attributed to the co-
valent bond formation between the cyano group and Cys44 during in 
vitro experiments. 

4. Conclusions 

The present study describes design, synthesis, molecular docking and 
dynamics simulations study of a new series of 2-sulfanylsubstituted-3-p- 
fluorophenyl-6-fluoro-quinazolinones derivatives and the toxicity study 
of potent compounds on VeroE6 Cells and their inhibitory potential 
against SARS-CoV-2 3CL protease. The designed 2-quinazolinones de-
rivatives, based on a previously reported potent inhibitor, were syn-
thesized by S-alkylation/arylation of an intermediate, 6-fluoro-3-(4- 
fluorophenyl)-2-mercaptoquinazolin-4(3H)-one and their successful 
synthesis was established by analytical methods, viz. IR, 1H NMR, & 13C 
NMR spectroscopy. Compounds 5b, 5c, 5i, 5j and 5l exhibited strong 
binding within the active sites having high score in molecular docking 
study. The catalytic dyad (Cys-His) in the active sites of the SARS-CoV-2 
3CLPro protease were examined to explore the interaction and stability 
of the compounds (5b, 5c, 5i, 5j and 5l) using 50 ns molecular dynamics 
simulation studies. The compounds studied showed stable interaction 
over 50 ns production run and well located inside the active site with 
lower RMSD values. The RMSF values were found to be lower with 
compound 5i and maximum numbers of hydrogen bonds was observed 
with compound 5j. The ADMET data obtained by Swiss ADME and 
pkCSM web tools softwares confirms the quinazolinone derivatives to be 
potential biologically active molecules. Compounds 5b, 5c, 5i, 5j and 5l 
were found to inhibit the 3CLpro activity in vitro and compound 5j 
showed significant inhibitory activity with IC50 value of 0.44 µM. Thus, 
in silico and in vitro inhibitory properties of quinazolinones derivatives 
against SARS-CoV-2 3CLpro might pave the way for the development of 
more potent antiviral compounds against coronaviruses and its 
emerging variants. 
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