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a b s t r a c t 

In the current investigation, two novel series of (tetrahydro)thioquinazoline- N -arylacetamides and 

(tetrahydro)thioquinazoline- N -arylacetohydrazides were designed, synthesized and investigated for 

their antiviral activity against SARS-CoV-2. The thioquinazoline- N -arylacetamide 17g as well as the 

tetrahydrothioquinazoline- N -arylacetohydrazides 18c and 18f showed potent antiviral activity with IC 50 

of 21.4, 38.45 and 26.4 μM, respectively. In addition, 18c and 18f demonstrated potential selectivity to- 

ward the SARS-CoV-2 over the host cells with SI of 10.67 and 16.04, respectively. Further evaluation of 

the mechanism of action of the three derivatives 17g, 18c , and 18f displayed that they can inhibit the 

virus at the adsorption as well as at the replication stages, in addition to their virucidal properties. In 

addition, 17g, 18c , and 18f demonstrated satisfactory physicochemical properties as well as drug-likeness 

properties to be further optimized for the discovery of novel antiviral agents. The docking simulation on 

M 

pro binding site predicted the binding pattern of the target compounds rationalizing their differential 

activity based on their hydrophobic interaction and fitting in the hydrophobic S2 subsite of the binding 

site 

© 2022 Elsevier B.V. All rights reserved. 
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. Introduction 

Recently, coronavirus disease 2019 (COVID-19) has been identi- 

ed as a global pandemic disease that affects the survival of pop- 

lation all over the world [1] . COVID-19 is a respiratory disease 

hat causes upper and lower respiratory tract infection which can 

e further progressed further into respiratory failure by complex 

echanisms and may end up with premature mortality [ 1 , 2 ]. It

as reported that COVID-19 is caused by a novel zoonotic mem- 

er of betacoronaviruses called severe acute respiratory syndrome 

oronavirus 2 (SARS-CoV-2) which is a single stranded RNA virus 

f the Coronaviridae family [ 3 , 4 ]. 

The huge problem, which is currently facing the world, is the 

emarkable ability of SARS-CoV-2 to mutate over a short period of 
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ime [5] . Hence, a plethora of studies have been performed to get 

ome insightful knowledge about SARS-CoV-2 virus [6] . Success- 

ully, some information has been reported including its molecular 

tructure, life cycle, and its interactions with the host cells. This 

nabled the development various vaccines with different mecha- 

isms of action to be used by humans [7] . 

Up till now, the effective and specific antiviral agents for the 

reatment of SARS-CoV-2 infection are limited or rare [8] . Hence, 

umerous investigations have been carried out to identify new tar- 

ets to control this pathogen without affecting the host cells. Re- 

ently, some structural elements that can act as potential thera- 

eutic targets have been recognized. Spike glycoprotein was iden- 

ified as a promising target that is present on the virus surface, 

nd it is responsible for the virus binding to the host cell [9] . RNA-

ependent RNA polymerase (RdRp) is another attractive target par- 

icipating in the replication of RNA from an RNA template [10] . 

eanwhile, the 3-C-like protease (3CL pro or M 

pro ) and papain-like 

rotease (PL pro ) were pointed out to be the most important targets 

https://doi.org/10.1016/j.molstruc.2022.134690
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2022.134690&domain=pdf
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Fig. 1. Examples of antiviral agents I-VI incorporating quinazoline scaffold. 
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or the design of promising antiviral agents against SARS-CoV-2 as 

hey play a key role in the life cycle of SARS-CoV-2 virus with no 

omologues proteins in human cells [11–14] . Hence, inhibition of 

 

pro and/or PL pro can result in a selective antiviral activity with- 

ut side effects on humans [12] . 

In this context, quinazolines are regarded as one of the most 

nteresting scaffolds for designing antiviral agents [ 15 , 16 ]. Quina- 

olines were reported to possess potential antiviral activity against 

iverse types of RNA viruses including respiratory syncytial virus 

RSV) [17] , influenza A virus (IAV) [18] as well as hepatitis C virus

HCV) [19] . For instance, Zhang and co-workers [18] reported the 

esign of a series of 2,4-disubstituted quinazoline derivatives in- 

orporating S -acetamide and NH -acetamide moieties at position 4. 

ompound I, a representative of this series, was found to have a 

otent antiviral activity against IAV. Moreover, Hwu et al., [19] de- 

cribed the potent antiviral activity of a class of quinazoline- 

oumarin conjugates, for example compound II showed potent an- 

iviral activity against hepatitis C virus and chikungunya virus. 

eanwhile, Lee et al. [20] reported the synthesis of a series of 

-anilino-6-aminoquinazolines as anti-MERS-CoV inhibitors, com- 

ound III , a representative example of the synthesized series, 

howed IC 50 = 0.157 μM, CC 50 = 3.59 μM and SI = 25. Re-

ently, some studies reported the activity of quinazoline deriva- 

ives against SARS–CoV–2 [ 21 , 22 ]. For example, Zhao et al. [21] re-

orted the promising activity of a series of quinolone and quina- 

oline derivatives in inhibiting RNA synthesis driven by SARS-CoV- 

 RdRp. For instance, compounds IV and V revealed 58.43% and 

8.83% inhibition on SARS-CoV-2 RdRp at 10 μM concentration. Ad- 

itionally, Rothan and Teoh [22] reported the expected interesting 

otential of quinazoline derivatives, for example compound VI , in 

nhibiting SARS–CoV–2 Main Protease (M 

pro ) in a high throughput 

irtual screening campaign ( Fig. 1 ). 

On the other hand , several studies reported the promising an- 

iviral properties of various heterocycles substituted with N -aryl-2- 

thio)acetamide moieties. For instance, RDEA806 ( VII ) was reported 

o possess a potential HIV-1 reverse transcriptase (RT) inhibitory 
2 
ctivity against wild-type (WT) as well as some non-nucleoside re- 

erse transcriptase (NNRT) resistant viruses [23] . Moreover, Zhan 

nd co-workers [24] reported the synthesis and the interesting an- 

iviral properties of novel 1,2,4-triazin-6-yl-thioacetamide deriva- 

ives as potent HIV-1 NNRTIs. Compound VIII was an example of 

his series displaying nanomolar activity against HIV-1(WT) as well 

s a moderate potency against the double mutant strain RES056. 

urthermore, Zhang et al. [25] reported the discovery of some 

ndol-3-yl-thio- N -phenyl-acetamides with potent antiviral activity. 

or instance, compound IX revealed a dual potency against RSV 

nd IAV [25] . Moreover, Yu et al. [26] reported the potent anti- 

nfluenza activity of different pyrimidines substituted at 2 posi- 

ion with a N -aryl-2-(thio)acetamide moiety. For example, com- 

ound X demonstrated a broad activity against IAV and IBV. In ad- 

ition, Zhan and co-workers [27] reported the anti-influenza prop- 

rties of some thiazolyl- N -aryl-2-(thio)acetamides, for example, the 

erivative XI displayed a potent activity on influenza A/H1N1 virus 

 Fig. 2 ). 

Rationale design of thioquinazoline- N -aryl-acetamide/ N - 

rylacetohydrazide hybrids 

Encouraged by the previous findings, and since most of the 

ntiviral drugs in the clinical use were not designed specifically 

or SARS-CoV-2, we were interested in the current study in de- 

igning a new series of anti-SARS-CoV-2 through the application 

f the molecular hybridization strategy between the quinazoline 

ing and the N -aryl-2-(thio)acetamide moiety to design a novel 

eries of (tetrahydro)thioquinazoline- N -arylacetamide hybrids XII 

 Fig. 3 ). For further structure-activity relationship investigation, 

urther elongation of the N -aryl-2-(thio)acetamido linkage was car- 

ied out by its replacement with a 2-(thio)acetohydrazide linker 

o afford scaffold XIII ( Fig. 3 ). Derivatives from the designed scaf- 

olds were synthesized utilizing the conventional methods of or- 

anic chemistry. Subsequently, the synthesized compounds were 

ssayed for their antiviral activity against SARS-CoV-2. Promising 

its were further examined for their expected mode of antiviral 

ctivity. Additionally, their physicochemical as well as pharmacoki- 

https://www.sciencedirect.com/science/article/abs/pii/S0223523422000666
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Fig. 2. Structures of antiviral agents VII-XI incorporating N -aryl-2-(thio)acetamide moiety. 

Fig. 3. The design strategy of the target (tetrahydro)thioquinazoline- N -arylacetamides XII and (tetrahydro)thioquinazoline- N -arylacetohydarzides XIII as anti-SARS-CoV-2 

agents. 

3 



H.T. Abdel-Mohsen, M.A. Omar, O. Kutkat et al. Journal of Molecular Structure 1276 (2023) 134690 

Scheme 1. Synthesis of the starting quinazolines 3 and 6 . 
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etic properties were predicted using the SwissADME free webtool. 

oncurrently, in silico molecular docking studies were performed in 

he SARS–CoV–2 Main Protease (M 

pro ) binding site to study their 

inding mode in order to rationalize their promising antiviral ac- 

ivity. 

. Results and discussion 

.1. Chemistry 

Initially, the starting quinazoline 3 was synthesized by the re- 

ction of 1 with CS 2 ( 2 ) in the presence of KOH at 30 o C [ 28 , 29 ].

eanwhile, the starting material 6 was synthesized by the con- 

ensation of 4 with thiourea ( 5 ) under basic conditions [ 30 , 31 ]

 Scheme 1 ). 

For the synthesis of the target compounds 11a-c and 12a- 

 ; 2-aminobenzoic acid ( 7a ), 3-aminobenzoic acid ( 7b ), and 4- 

minobenozic acid ( 7c ) were reacted with chloroacetyl chloride ( 8 ) 

n DMF to afford the intermediates 9a-c , respectively, which were 

ubsequently reacted with the starting materials 3 and 6 under ba- 

ic conditions to afford the target compounds 11a-c and 12a-c , re- 

pectively, in excellent yields ( Scheme 2 ). 

For the synthesis of the target quinazolines 17 and 18 , differ- 

nt benzoic acid derivatives 13 were first esterified to give the cor- 

esponding esters 14 which were subsequently reacted with hy- 

razine hydrate to afford the corresponding acid hydrazides 15 

 Scheme 3 ). Further reaction of 15 with chloroacetyl chloride ( 8 ) 

as performed to give the intermediates 16 which were reacted 

ith the thioquinazolines 3 and 6 to yield the target compounds 

7 and 18 , respectively, in excellent yields. 

.2. Biological evaluation 

All the target compounds 11a-c , 12a-c , 17a-g and 18a-g were 

valuated for their antiviral activity against NRC-03-nhCoV as well 

s for their cytotoxic activity on Vero-E6 cells employing MTT as- 

ay [32] . The CC 50 (concentration necessary for 50% growth in- 

ibition of normal cell line compared to the control experiment) 

f the target compounds on Vero-E6 cells and IC 50 (concentra- 

ion necessary for 50% reduction of virus-induced cytopathic effect 
4

CPE) compared to the virus control experiment) of the target com- 

ounds against NRC-03-nhCoV virus in Vero-E6 cells are presented 

n Table 1 . The selectivity indices which are the ratio of CC 50 rela-

ive to IC 50 of the tested compounds were calculated and depicted 

n Table 1 . In addition, Fig. 4 presents the inhibition curves of the 

ost potent compounds 17g , 18c , and 18f (For the rest of the in-

ibition curves see the SI). 

The presented study showed promising activity in compari- 

on to the results reported in the literature [ 20 , 21 ]. From the

C 50 results presented in Table 1 , it is obvious that the syn- 

hesized thioquinazolines and tetrahydrothioquinazolines displayed 

oderate to potent antiviral activity against NRC-03-nhCoV. Com- 

ounds 17g, 18c and 18f showed the most potent inhibitory ac- 

ivity with IC 50 of 21.4, 38.45 and 26.4 μM, respectively, on NRC- 

3-nhCoV. Close investigation of the antiviral results revealed that 

he thioquinazoline- N -aryl-acetamide hybrids 11a-c demonstrated 

oderate antiviral properties with an IC 50 range of 79.2 to 104 

M. Compounds 11b and 11c incorporating 3 and 4 carboxylic 

roups, respectively, showed higher potencies in comparison to the 

-carboxylic acid derivative 11a with IC 50 of 79.7, 79.2, and 104 

M, respectively, as well as higher SI s. Replacing the thioquinazo- 

ine moiety in series 11a-c with a tertahydrothioquinazoline moi- 

ty in series 12a-c decreased the antiviral activity (IC 50 range of 

73.6 to 531.3 μM). Compound 12a , with a carboxylic acid moiety 

t the 2 position, showed an IC 50 of 173.6 μM and a 2.5-fold higher

electivity toward the virus over the host cells (CC 50 = 431.4 μM). 

hifting the COOH moiety to the 3 and 4 positions in 12b and 12c ,

espectively, resulted in more than a 2-fold decrease in the antivi- 

al potency with no preferential selectivity ( SI = 0.98 and 0.63, re- 

pectively). 

Replacing the thio- N -aryl-acetamide moiety of series 11a-c with 

hioacetohydrazide moiety in series 17a-g , resulted in a different 

attern of potency as well as specificity. The thioquinazoline- N - 

ryl-acetohydrazide derivative 17a with an unsubstituted terminal 

henyl moiety displayed a weak antiviral activity (IC 50 = 317.5 μM) 

nd high cytotoxic activity (CC 50 = 186.4 μM, SI = 0.59). Introduc- 

ion of 4-Me and 4-NO 2 groups at the terminal phenyl in 17b and 

7c increased the antiviral properties with IC 50 of 126.7 and 121.1 

M, respectively and SI of 2.14 and 2.61 μM, respectively. More- 

ver, the 2-OMe 17d and 2-chloro 17e derivatives demonstrated a 
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Scheme 2. Synthesis of the target compounds 11 and 12 . 

d

r

1

m

i

(

a

s

t

=

r

1

t

p

μ

a

r

i

i

v

o

m

i

c

i

r

μ

t

o

t

d

a

2

t

i

t

a

T

t

d

s

t

4

d

a

b

e

1

m

b

a

c

a

o

ecrease in the antiviral activity with IC 50 of 258.8 and 457.8 μM, 

espectively, with concomitant high cytotoxic (CC 50 = 101.2 and 

14.2 μM, respectivley). Introduction of 4-chloro group at the ter- 

inal phenyl group in 17f resulted in a more than 4-fold increase 

n the antiviral activity (IC 50 = 74.3 μM) in comparison to 17a 

IC 50 = 317.5 μM) with reduced cytotoxic activity (CC 50 = 319 μM 

nd SI = 4.30). Furthermore, the 2-bromo congener 17g demon- 

trated the highest antiviral activity (IC 50 = 21.4 μM) with 8.64 

imes higher selectivity towards the virus over the host cells (CC 50 

 184.9 μM). 

Hydrogenation of the fused phenyl group of the thioquinazoline 

ing in series 17a-g to afford the tetrahydrothioquinazoline series 

8a-g increased the antiviral activity in all cases with the excep- 

ion of compounds 18e and 18g . Compound 18a with unsubstituted 

henyl group displayed a moderate antiviral activity (IC 50 = 140.2 

M) with a low SI of 1.68 (CC 50 = 235 μM). Introduction of 4-NO 2 

nd 4-Cl groups at the terminal phenyl moiety to yield 18c and 18f , 

espectively, resulted in a more than three-fold increase in potency 

n comparison to 18a with IC 50 of 38.45 and 26.4 μM, respectively, 

n addition to a more than 10-fold higher selectivity toward the 

irus over the host cell ( SI = 10.67 and 16.04, respectively). On the 

ther hand, introduction of 4-Me, 2-OMe, 2-Br groups at the ter- 

inal phenyl moiety to give 18b, 18d , and 18g showed a decrease 

n the antiviral activity with IC 50 = 93.40 to 113.7 μM. Slight de- 

rease in the antiviral activity was found for 18e (IC 50 = 459.8 μM) 

n comparison to 17e (IC 50 = 457.8 μM) and more than four-fold 

eduction was obsereved for 2-bromo derivative 18g (IC 50 = 93.40 

M) in copmarison to 17g (IC 50 = 21.4 μM). 

In summary, although compound 17g displayed the highest an- 

iviral activity with IC 50 of 21.4 μM, it was less favored because 
5 
f its cytotoxic properties (CC 50 = 184.9 μM and SI = 8.64). On 

he contrary, 18f and 18c were regarded to be the most promising 

erivatives in terms of their potency (IC 50 = 26.4 and 38.45 μM) 

s well as their selectively and safety ( SI = 16.04 and 10.67). 

.3. Mechanism of Anti-SARS-CoV-2 Activity 

For further investigation of the mechanism of virus inhibition of 

he most promising derivatives 17g, 18c and 18f , a plaque infectiv- 

ty reduction assay was performed [34] . This assay studied whether 

he promising derivatives affected the virus at the adsorption stage 

nd/or replication stage and/or due to their direct virucidal effect. 

he inhibition results are depicted in Table 2 . Interestingly, the 

hree derivatives were found to have multiple inhibitory effects to 

ifferent extents in the three stages. Nevertheless, the replication 

tage was found to be the most affected following treatment with 

he tested compounds (40-50% viral inhibition at 125 μM and 38.9- 

0% viral inhibition at 62.5 μM). 

As can be seen in Table 2 , the thioquinazoline- N -aryl acetamide 

erivative 17g showed at 125 μM a moderate inhibition of the virus 

t the adsorption stage 29.6%, whereas it showed a potent inhi- 

ition at the replication stage (50%) as well as a potent virucidal 

ffect (47.8%). The tetrahydrothioquinazoline- N -arylacetohydrazide 

8c displayed moderate inhibitory activity on the three tested 

echanisms. At 125 μM, it revealed inhibition% of 44.4 and 43.3% 

y applying adsorption and replication mechanisms, respectively, 

nd a 38.9% virucidal effect was noticed. Moreover, at 125 μM, 

ompound 18f was found to have 53% virucidal activity as well as 

 40% inhibitory effect on virus replication and only 20% inhibition 

f the viral adsorption mechanism. 
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Scheme 3. Synthesis of the target compounds 17 and 18 . 
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.4. Molecular modeling 

Protease enzyme plays a critical role in viral protein matura- 

ion by cleaning proproteins after their translation into the host 

ell cytosol. As a result, viral proteases are considered potential an- 

iviral drug targets [35] . The inhibition of a viral protease can re- 

uce the assembly of mature viral particles. Therefore, SARS-CoV-2 

ain protease (M 

pro ) could be a plausible target for the newly syn- 

hesized compounds, especially with its reported pyrimidinedione 

nhibitors which are analogues to our designed antiviral derivatives 

36] , thus, molecular docking simulations have been carried out to 

tudy the binding pattern of the target compounds 11a-c, 12a-c, 

7a-g , and 18a-g in the active site of SARS-CoV-2 main protease 

M 

pro ). For this end, the X-ray crystallographic structure of SARS- 

oV-2 main protease (M 

pro ) co-crystalized with a pyrimidine-2,4- 

ione inhibitor (YD1) (PDB ID: 7LTJ) was retrieved from the pro- 

ein data bank ( https://www.rcsb.org/ ) [36] . The molecular docking 

rotocol was first validated by self-docking of the co-crystallized 

igand (YD1) in the vicinity of the enzyme active site. The self- 

ocking step reproduced the co-crystalized ligand pose efficiently 

ith a docking score (S) of −13.26 kcal/mol and a root mean 
6 
quare deviation (RMSD) of 1.538 Å. Moreover, the docking proto- 

ol reproduced all the key interactions with the active site amino 

cids ( Figs. 5 and 6 ). Using the validated molecular docking pro- 

ocol, the target compounds 11a-c, 12a-c, 17a-g , and 18a-g were 

ocked in the SARS-CoV-2 M 

pro active site. 

Generally, the target compounds showed a common binding 

attern in the target enzyme (M 

pro ) active site accommodated in 

ubsites S1 and S2 ( Figs. 7–9 ). The (tetrahydro)quinazolinone moi- 

ty occupies YD1 uracil binding subsite S1 driven by polar con- 

acts interacting by its carbonyl group with the key amino acid 

is163 through hydrogen bonding. On the other side, the substi- 

uted phenyl group occupies the largely hydrophobic S2 subsite oc- 

upied by YD1 dichlorophenyl moiety. The target compounds’ sub- 

tituted phenyl group is stabilized through π- π stacking with the 

midazole side chain of the key catalytic amino acid His41. The 

ubstituted phenyl group is sandwiched between the side chains 

f the amino acids His41 and Gln189. The linker in-between in- 

eracts through multiple H-bond interactions with the surround- 

ng key amino acids Asn142, Gly143, Cys145, and His164. In com- 

ounds 11a-c and 12a-c , the peripheral carboxylate moiety on the 

istal phenyl group is involved in extra hydrogen bond interactions 

https://www.rcsb.org/
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Fig. 4. Dose-inhibition curves of 17g, 18c , and 18f against NRC-03-nhCoV [33] and Vero-E6 cells; IC 50 and CC 50 values were calculated using nonlinear regression analysis of 

GraphPad Prism software (version 5.01) by plotting log inhibitor versus normalized response (variable slope). 

Fig. 5. 2D interaction diagram of the co-crystalized inhibitor YD1 in M 

pro active site (PDB ID: 7LTJ). 
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Table 1 

IC 50 against NRC-03-nhCoV, CC 50 on Vero-E6, and the selectivity index (SI) [CC 50 /IC 50 ] of the target compounds. 

Compound ID R IC 50 
a ( μM) CC 50 

b ( μM) SI c 

11a 2-COOH 104 450.5 4.3 

11b 3-COOH 79.7 394 4.9 

11c 4-COOH 79.2 442.6 5.6 

12a 2-COOH 173.6 431.4 2.5 

12b 3-COOH 531.3 524.3 0.98 

12c 4-COOH 530.4 333.5 0.63 

17a H 317.5 186.4 0.59 

17b 4-Me 126.7 271.4 2.14 

17c 4-NO 2 121.1 316.1 2.61 

17d 2-OMe 258.8 101.2 0.4 

17e 2-Cl 457.8 114.2 0.24 

17f 4-Cl 74.3 319 4.3 

17g 2-Br 21.4 184.9 8.64 

18a H 140.2 235 1.68 

18b 4-Me 113.7 503.8 4.43 

18c 4-NO 2 38.45 410.3 10.67 

18d 2-OMe 107 315.5 2.95 

18e 2-Cl 459.8 524.5 1.14 

18f 4-Cl 26.4 423.6 16.04 

18g 2-Br 93.4 488.8 5.23 

a IC 50 (half maximal inhibitory concentration); b CC 50 (half maximal cytotoxic concentration); c SI (Selectivity index). 

Table 2 

Mechanisms of action of 17g, 18c and 18f against SARS-CoV-2. 

Compound ID Conc (μM) 

Mode of action 

Virus inhibition% 

Adsorption Replication Virucidal 

17g 125 29.6 ± 8.3 50.0 ± 3.3 47.8 ± 5.1 

62.5 26.7 ± 6.65 45.1 ± 1.71 37.3 ± 6.43 

31.25 16.7 ± 3.35 38.2 ± 4.29 25.6 ± 5.1 

18c 125 44.4 ± 3.87 43.3 ± 3.35 38.9 ± 2.31 

62.5 28.9 ± 10.18 38.9 ± 1.91 33.6 ± 6.03 

31.25 20.0 ± 3.3 30.0 ± 3.3 22.2 ± 5.1 

18f 125 20.0 ± 3.3 40.0 ± 10 53.3 ± 3.35 

62.5 13.3 ± 3.35 40.0 ± 3.3 34.4 ± 5.1 

31.25 6.7 ± 6.65 31.6 ± 4.27 15.6 ± 13.89 

w
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ith the amino acids His41, Cys44, Met49, Pro52, and/or Met165 

For further details see supporting materials). 

Table 3 shows the docking score of the target compounds 

nd the co-crystalized ligand ( YD1 ). The newly synthesized com- 

ounds show a predicted docking score range of −13.99 to −11.73 

cal/mol, whereas the co-crystalized ligand YD1 showed a pre- 

icted docking score of −13.26 kcal/mol. As for the most promis- 

ng compounds 17g, 18c , and 18f , compound 18c showed the most 

egative docking score −13.99 kcal/mol more negative than that 

f YD1 . Whereas compounds 17g and 18f exhibited comparable 
8 
ocking score ( −12.45 and −12.07 kcal/mol, respectively) which is 

ess negative than that of the co-crystalized ligand (YD1) ( −13.26 

cal/mol) indicating their less predicted binding affinity than YD1 . 

ompounds 17d, 18a, 17a , and 17e showed the least negative pre- 

icted docking scores ( −11.54, −11.47, −11.38, and −11.37 kcal/mol) 

hich agree with their poor experimental activity (258.8, 140.2, 

17.5, and 457.8 μM). 

The predicted binding pattern of the target compounds could 

ationalize their differential activity based on their hydrophobic in- 

eraction and fitting in the hydrophobic S2 subsite of the bind- 
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Fig. 6. 2D diagram (A) and 3D representation (B) of the superimposition of the co-crystallized (red) and the docking pose (green) of YD1 in the active site of M 

pro (PDB ID: 

7LTJ). 
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ng site. Compounds 11a-c and 12a-c showed a relatively less pre- 

icted binding affinity due to their ionic polar carboxylate sub- 

titution on their distal phenyl group which decreases the prob- 

ble hydrophobic interactions with the hydrophobic S2 subsite, 

owever, this loss of proper hydrophobic interactions is some- 

ow compensated by the carboxylate involvement in multiple ex- 

ra hydrogen bond interactions with the amino acids His41, Cys44, 

et49, Pro52, and/or Met165 like in case of compound 11b . On 

he other hand, compounds 17a-g and 18a-g show better pre- 

icted binding affinity because of their hydrophobic substitutions 

n the distal phenyl group and the longer thioacetohydrazide 

inker which makes the (substituted)phenyl group better fitted 
9 
n the hydrophobic S2 subsite. Compounds achieving higher hy- 

rophobic interaction with S2 subsite and better fit of their (sub- 

tituted)phenyl group show strong predicted binding affinity as re- 

ected in their promising experimental activity e.g., compounds 

7g, 18c , and 18f with o -bromo, p -nitro, and p -chloro substitu- 

ion, respectively. Alternatively, compounds with unsubstituted dis- 

al phenyl ring 17a and 18a show less predicted binding affin- 

ty relative to their substituted congeners due to their less pos- 

ible hydrophobic interactions with S2 subsite. Compounds with 

ess hydrophobic substituents (OMe) e.g., compounds 17d or that 

re not well fitted in the S2 subsite e.g., compounds 17e and 

8e show weaker predicted binding affinity which is reflected 
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Fig. 7. 2D diagram (A) and 3D representation (B) of compound 17g showing its interaction in M 

pro active site (PDB ID: 7LTJ). 
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n their weak experimental activity (IC 50 = 258.8, 457.8, and 

59.8 μM). 

.5. Estimation of physicochemical, pharmacokinetic and ADME 

roperties 

Encouraged by the promising antiviral properties of 17g, 18c 

nd 18f , they were further selected to predict their physicochem- 

cal and ADME properties using SwissADME free web tool [37] . 

able 4 presents some selected results of 17g, 18c and 18g . 

Analysis of the obtained results ( Table 4 ) revealed 

hat the target thioquinazoline- N -aryl acetamide 17g and 

etrahydrothioquinazoline- N -aryl acetohydrazides 18c and 18f 

xpress acceptable levels of physicochemical properties. The 

olecular weight of 17g, 18c and 18f is spanning between 392.86 

o 433.28 g/mol. They incorporate acceptable numbers of hydrogen 

ond donors (less than 5) and acceptors (less than 10). Addition- 

lly, the topological polar surface area (TPSA) for 17g and 18f is 
10 
29.25 Å, while it is slightly high in case of the 18c TPSA = 175.07
˚
 and the ilog P (octanol–water partition coefficient) is ranging 

rom 1.60 to 2.62 [38] . 

The target (tetrahydro)thioquinazoline- N -arylacetamides 17g 

nd 18f are predicted to be well absorbed from the GIT while 18c 

s predicted to have low GIT absorption. The three target com- 

ounds 17g, 18c and 18f have no predicted ability to penetrate 

he blood brain barrier which decreases their probable adverse ef- 

ect at the central level. Compounds 18c and 18f were found to be 

ubstrates for P-glycoprotein (P-gp), which plays a significant role 

n the removal of strange substances outside the cells. Meanwhile, 

7g is not a substrate for P-glycoprotein (P-gp) [39] . 

Fig. 10 presents the bioavailability radar chart of compounds 

7g, 18c and 18f provided by the SwissADME web tool [37] . Gen- 

rally, the bioavailability radar presented by SwissADME demon- 

trates a pink-colored area that identifies the optimum space of six 

hysicochemical parameters for oral bioavailability. These six prop- 

rties are size, polarity, lipophilicity, solubility, flexibility, and sat- 
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Fig. 8. 2D diagram (A) and 3D representation (B) of compound 18c showing its interaction in M 

pro active site (PDB ID: 7LTJ). 
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ration. Close investigation of the presented radar charts showed 

hat compound 18f occupies the ideal space of the six physic- 

chemical properties for oral bioavailability, whereas the deriva- 

ives 17g and 18c are nearly fully located in the pink area, only 

he degree of unsaturation slightly deviates from the optimum in 

7g while the polarity is slightly deviating from the ideal for 18c 

 Fig. 10 ). 

Moreover, it is attractive that 17g and 18f follow all rules of 

rug-likeness, they do not violate Lipinski’s rule [40] , Veber rule 

41] , Ghose-filter [42] , Egan [43] or Muegge ́s filter [44] . Because of

he high TPSA of compound 18c , it satisfies only Lipinski’s rule. In 

ddition, it worth pointing out that the three derivatives do not 

ncorporate in their structures Pan Assay Interference (PAINS) frag- 

ents [45] . Hence, in addition to the promising antiviral activity 

f the target compounds, their promising drug-likeness parameters 

uggests their potential to be subjected for future optimization for 

he discovery of chemotherapeutic agents. 
11 
. Conclusion 

The presented study involves the design, synthesis, and anti- 

ARS-CoV-2 activity evaluation of two novel series of (tetrahydro) 

hioquinazoline- N -arylacetamides and (tetrahydro)thioquinazoline- 

 -arylacetohydrazides. The thioquinazoline- N -arylacetamide 17g 

eside the tetrahydrothioquinazoline- N -arylacetohydrazides 18c 

nd 18f showed potent antiviral activity with IC 50 = 21.4, 38.45, 

nd 26.4 μM, respectively. The derivatives 18c and 18f exhibited 

I = 10.67 and 16.04, respectively, towards the virus over the 

ost cells. In addition, the three derivatives 17g, 18c , and 18f 

howed promising virucidal properties beside their ability to in- 

ibit the virus at the adsorption as well as at the replication 

tages. Moreover, besides their promising antiviral activity, com- 

ounds 17g, 18c and 18f displayed acceptable physicochemical and 

harmacokinetic properties for further optimization as antiviral 

gents. 
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Fig. 9. 2D diagram (A) and 3D representation (B) of compound 18f showing its interaction in M 

pro active site (PDB ID: 7LTJ). 

Fig. 10. Bioavailability radar plot from SwissADME online web tool for 17g, 18c and 18f . 

12 
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Table 3 

Docking energy scores ( S ) in kcal/mol for the target com- 

pounds and the co-crystalized compound (YD1) in M 

pro 

active site (PDB ID: 7LTJ). 

Compound Energy score (S) kcal/mol IC 50 ( μM) 

11a −11.60 104 

11b −11.58 79.7 

11c −11.92 79.2 

12a −11.98 173.6 

12b −11.96 531.3 

12c −12.39 530.4 

17a −11.38 317.5 

17b −12.16 126.7 

17c −12.99 121.1 

17d −11.54 258.8 

17e −11.37 457.8 

17f −11.98 74.3 

17g −12.45 21.4 

18a −11.47 140.2 

18b −13.36 113.7 

18c −13.99 38.45 

18d −11.97 107 

18e −11.78 459.8 

18f −12.07 26.4 

18g −13.18 93.4 

YD1 −13.26 4.2 [36] 

Table 4 

Selected calculated physicochemical and pharmacoki- 

netic properties of 17g, 18c and 18f from SwissADME 

free webtool [37] . 

Product 17g 18c 18f 

MW 433.28 403.41 392.86 

Rotatable bonds 7 8 7 

H-bond acceptors 4 6 4 

H-bond donors 3 3 3 

MR 102.11 103.16 99.35 

TPSA 129.25 175.07 129.25 

i LogP 1.77 1.60 2.62 

GI absorption High Low High 

BBB permeant No No No 

P-gp substrate No Yes Yes 
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. Experimental 

.1. Chemistry 

.1.1. General remarks 

Chemicals along with solvents used for chemical reaction were 

btained from commercial companies. Follow up of the reactions 

ere carried out using analytical thin layer chromatography (TLC). 

ncorrected melting points were recorded on a Stuart SMP30 

elting point apparatus. Elemental analyses of the synthesized hy- 

rids were recorded in the micro analytical labs, National Research 

entre, Cairo, Egypt. IR spectra (40 0 0–40 0 cm 

−1 ) were recorded on

asco FT/IR 300 E Fourier transform infrared spectrophotometer. 1 H 

MR as well as 13 C NMR spectra were measured in DMSO- d 6 as a

olvent at 500 (125) MHz and 400 (100) MHz on Bruker instru- 

ents. 

.1.2. General procedure I for the synthesis of the target compounds 

1a-c, 12a-c, 17a-g and 18a-g 

A mixture of 3 or 6 and anhydrous K 2 CO 3 was stirred for 30

in at room temperature then 3a-c or 16a-g was added and the 

ixture was heated under reflux for 2 h. The reaction mixture was 

hen cooled to room temperature poured on ice and neutralized 

ith few drops of 2 N HCl and the precipitated product was fil- 

ered, dried and purified by crystallization from MeOH/ DCM 1:1 
13 
ixture to give the corresponding target products 11a-c, 12a-c, 

7a-g, 18a-g in analytical pure form. 

-(2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)acetamido)benzoic 

cid ( 11a ) 

Off white powder; yield = 95%; mp 250-252 °C; 1 H-NMR (500 

Hz; DMSO- d 6 ) δH 4.15 (s, 2H), 7.13 (t, 3 J = 7.5 Hz, 1H), 7.38 (t,
 J = 7.5 Hz, 1H), 7.46 (d, 3 J = 8.0 Hz, 1H), 7.56 (t, 3 J = 7.5 Hz,

H), 7.69 (t, 3 J = 7.5 Hz, 1H), 7.95 (d, 3 J = 7.5 Hz, 1H), 8.00 (d,
 J = 7.5 Hz, 1H), 8.49 (d, 3 J = 8.5 Hz, 1H), 11.77 (br., 1H), 12.47

br., 1H), 12.76 ppm (br., 1H); 13 C-NMR (125 MHz; DMSO- d 6 ) δC 

5.08, 115.85, 116.70, 119.94, 122.92, 124.32, 125.79, 126.02, 131.13, 

33.97, 134.56, 140.47, 148.22, 154.62, 161.17, 166.65, 169.34 ppm; 

nal. Calcd for C 17 H 13 N 3 O 4 S: C, 57.46; H, 3.69; N, 11.82. Found: C,

7.73; H, 3.93; N, 11.65. 

-(2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)acetamido)benzoic 

cid ( 11b ) 

Off white powder; yield = 87%; mp 252-254 °C; 1 H-NMR (400 

Hz; DMSO- d 6 ) δH 4.19 (s, 2H), 7.40 (d, 3 J = 7.2 Hz, 1H), 7.43 (t,
 J = 9.2 Hz, 1H), 7.63 (d, 3 J = 7.6 Hz, 1H), 7.72 (dt, 3 J = 7.8 Hz,
 J = 1.2 Hz, 1H), 7.80 (dd, 3 J = 8.6 Hz, 4 J = 1.2 Hz, 1H), 8.02 (d,
 J = 8.0 Hz, 4 J = 1.2 Hz, 1H), 8.25 (s, 1H), 10.55 (s, 1H), 12.68

br., 2H), 12.95 ppm (br., 1H); 13 C-NMR (100 MHz; DMSO- d 6 ) δC 

5.13, 115.86, 116.21, 119.91, 123.27, 124.28, 125.76, 126.10, 129.12, 

31.39, 134.67, 139.18, 148.21, 155.26, 161.14, 166.24, 167.11 ppm; 

nal. Calcd for C 17 H 13 N 3 O 4 S: C, 57.46; H, 3.69; N, 11.82. Found: C,

7.15; H, 3.87; N, 12.03. 

-(2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)acetamido)benzoic 

cid ( 11c ) 

Pale yellow powder; yield = 83%; mp 249-251 °C; 1 H-NMR (400 

Hz; DMSO- d 6 ) δH 4.11 (s, 2H), 7.29-7.40 (m, 2H), 7.68-7.69 (m, 

H), 7.88-7.89 (m, 2H), 7.99-8.00 (m, 2H), 11.06 (br., 2H), 12.45 ppm 

br., 1H); Anal. Calcd for C 17 H 13 N 3 O 4 S: C, 57.46; H, 3.69; N, 11.82.

ound: C, 57.64; H, 3.90; N, 11.66. 

-(2-((4-Oxo-3,4,5,6,7,8-hexahydroquinazolin-2- 

l)thio)acetamido)benzoic acid ( 12a ) 

White powder; yield = 90%; mp 227-229 °C; 1 H-NMR (500 

Hz; DMSO- d 6 ) δH 1.58-1.60 (m, 4H), 2.14-2.24 (m, 2H), 2.35-2.36 

m, 2H), 4.01 (s, 2H), 7.14-7.15 (m, 1H), 7.56-7.57 (m, 1H), 7.95-7.96 

m, 1H), 8.47 (d, 3 J = 6.5 Hz, 1H), 11.61 (s, 1H), 12.71 ppm (br.,

H); 13 C-NMR (125 MHz; DMSO- d 6 ) δC 21.35, 21.38, 21.67, 30.86, 

4.97, 116.59, 116.67, 119.97, 122.88, 131.08, 133.96, 140.44, 155.90, 

62.72, 166.71, 169.23 ppm; Anal. Calcd for C 17 H 17 N 3 O 4 S: C, 56.81;

, 4.77; N, 11.69. Found: C, 56.57; H, 4.45; N, 11.48. 

-(2-((4-Oxo-3,4,5,6,7,8-hexahydroquinazolin-2- 

l)thio)acetamido)benzoic acid ( 12b ) 

White powder; yield = 81%; mp 263-265 °C; 1 H-NMR (400 

Hz; DMSO- d 6 ) δH 1.61-1.62 (m, 4H), 2.24-2.25 (m, 2H), 2.39-2.40 

m, 2H), 4.04 (s, 2H), 7.41 (t, 3 J = 8.0 Hz, 1H), 7.62 (d, 3 J = 7.6 Hz,

H), 7.76 (d, 3 J = 8.0 Hz, 1H), 8.20 (s, 1H), 10.45 (s, 1H), 12.53 ppm

br., 1H); 13 C-NMR (100 MHz; DMSO- d 6 ) δC 21.40, 21.72, 30.83, 

4.95, 116.53, 119.92, 123.14, 124.24, 129.03, 131.72, 139.08, 156.49, 

59.42, 162.79, 166.28, 167.28 ppm; Anal. Calcd for C 17 H 17 N 3 O 4 S: 

, 56.81; H, 4.77; N, 11.69. Found: C, 56.62; H, 4.95; N, 11.47. 

-(2-((4-Oxo-3,4,5,6,7,8-hexahydroquinazolin-2- 

l)thio)acetamido)benzoic acid ( 12c ) 

White powder; yield = 87%; mp 237-239 °C; 1 H-NMR (500 

Hz; DMSO- d ) δ 1.61-1.63 (m, 4H), 2.24-2.25 (m, 2H), 2.37-2.38 
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m, 2H), 4.04 (s, 2H), 7.66 (d, 3 J = 8.0 Hz, 2H), 7.88 (d, 3 J = 8.0 Hz,

H), 10.65 (s, 1H), 12.58 ppm (br., 2H); 13 C-NMR (125 MHz; DMSO- 

 6 ) δC 21.95, 22.25, 31.30, 35.58, 116.98, 118.94, 126.38, 130.93, 

43.27, 157.23, 163.56, 167.15, 167.71, 167.81 ppm; Anal. Calcd for 

 17 H 17 N 3 O 4 S: C, 56.81; H, 4.77; N, 11.69. Found: C, 56.98; H, 4.53;

, 11.81. 

 ’-(2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)acetyl)benzohydrazid

 17a ) 

White powder; yield = 85%; mp 249-251 °C; 1 H-NMR (500 

Hz; DMSO- d 6 ) δH 4.11 (s, 2H), 7.40-7.43 (m, 1H), 7.47-7.50 (m, 

H), 7.54-7.60 (m, 2H), 7.75-7.76 (m, 1H), 7.84-7.85 (m, 2H), 8.01- 

.03 (m, 1H), 10.37 (br., 1H), 10.49 (br., 1H), 12.62 ppm (br., 1H); 

nal. Calcd for C 17 H 14 N 4 O 3 S: C, 57.62; H, 3.98; N, 15.81. Found: C,

7.32; H, 4.15; N, 15.54. 

-Methyl- N ’-(2-((4-oxo-3,4-dihydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 17b ) 

Pale yellow powder; yield = 91%; mp 243-245 °C; 1 H-NMR (500 

Hz; DMSO- d 6 ) δH 2.34 (s, 3H), 4.11 (s, 2H), 7.27-7.28 (m, 2H), 

.42-7.43 (m, 2H), 7.60-7.61 (m, 1H), 7.76-7.77 (m, 2H), 8.02-8.04 

m, 1H), 10.31 (s, IH), 10.41 (s, 1H), 12.69 ppm (br., 1H); 13 C- 

MR (125 MHz; DMSO- d 6 ) δC 20.95, 32.10, 119.97, 125.75, 125.96, 

26.20, 127.46, 128.92, 129.54, 134.56, 141.81, 148.26, 154.78, 

61.13, 165.25, 166.56 ppm; Anal. Calcd for C 18 H 16 N 4 O 3 S: C, 58.68;

, 4.38; N, 15.21. Found: C, 58.45; H, 4.68; N, 15.57. 

-Nitro- N ’-(2-((4-oxo-3,4-dihydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 17c ) 

Pale yellow powder; yield = 96%; mp 256-258 °C; 1 H-NMR (500 

Hz; DMSO- d 6 ) δH 4.13 (s, 2H), 7.39-7.44 (m, 1H), 7.60 (t, 3 J = 6.5

z, 1H), 7.76-7.78 (m, 1H), 8.02 (t, 3 J = 6.5 Hz, 1H), 8.07-8.09 

m, 2H), 8.33-8.34 (m, 2H), 10.50 (s, IH), 10.87 (s, 1H), 12.68 ppm 

br., 1H); 13 C-NMR (125 MHz; DMSO- d 6 ) δC 32.05, 119.93, 123.64, 

25.74, 125.97, 128.99, 134.53, 137.96, 148.21, 149.37, 154.87, 161.20, 

63.78, 166.50 ppm; Anal. Calcd for C 17 H 13 N 5 O 5 S: C, 51.13; H, 3.28;

, 17.54. Found: C, 51.46; H, 3.55; N, 17.16. 

-Methoxy- N ’-(2-((4-oxo-3,4-dihydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 17d ) 

White solid; yield = 85%; mp 224-226 °C; 1 H-NMR (500 MHz; 

MSO- d 6 ) δH 3.86 (s, 3H), 4.10 (s, 2H), 7.05 (t, 3 J = 7.5 Hz, 1H),

.14 (d, 3 J = 8.5 Hz, 1H), 7.42 (t, 3 J = 7.5 Hz, 1H), 7.50 (dt, 3 J = 8.0

z, 4 J = 1.5 Hz, 1H), 7.58 (d, 3 J = 8.0 Hz, 1H), 7.71 (dd, 3 J = 7.8

z, 4 J = 1.5 Hz, 1H), 7.76 (dt, 3 J = 7.5 Hz, 4 J = 1.5 Hz, 1H), 8.03

dd, 3 J = 7.5 Hz, 4 J = 1.0 Hz, 1H), 10.08 (s, 1H), 10.65 (br., 1H),

2.71 ppm (br., 1H); 13 C-NMR (125 MHz; DMSO- d 6 ) δC 31.97, 55.93, 

12.11, 119.94, 120.55, 121.14, 125.70, 125.97, 130.39, 132.80, 134.52, 

48.15, 155.07, 156.99, 161.28, 163.39, 165.52 ppm; Anal. Calcd for 

 18 H 16 N 4 O 4 S: C, 56.24; H, 4.20; N, 14.58. Found: C, 56.49; H, 4.53;

, 14.81. 

-Chloro- N ’-(2-((4-oxo-3,4-dihydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 17e ) 

White solid; yield = 74%; mp 246-248 °C; 1 H-NMR (500 MHz; 

MSO- d 6 ) δH 4.09 (s, 2H), 7.40-7.43 (m, 2H), 7.45-7.49 (m, 2H), 

.52 (d, 3 J = 7.5 Hz, 1H), 7.59 (d, 3 J = 8.0 Hz, 1H), 7.75 (t,
 J = 7.5 Hz, 1H), 8.02 (d, 3 J = 7.5 Hz, 1H), 10.47 (s, 1H), 10.50

br., 1H), 12.70 ppm (br., 1H); 13 C-NMR (125 MHz; DMSO- d 6 ) δC 

2.04, 119.95, 125.74, 125.94, 126.21, 127.07, 129.28, 129.78, 130.39, 

31.42, 134.54, 140.40, 148.25, 154.77, 161.14, 165.05, 166.22 ppm; 

nal. Calcd for C 17 H 13 ClN 4 O 3 S: C, 52.51; H, 3.37; N, 14.41. Found:

, 52.21; H, 3.66; N, 14.74. 

1

14 
-Chloro- N ’-(2-((4-oxo-3,4-dihydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 17f ) 

White solid; yield = 86%; mp 257-259 °C; 1 H-NMR (500 MHz; 

MSO- d 6 ) δH 4.11 (s, 2H), 7.42 (t, 3 J = 8.0 Hz, 1H), 7.57 (d, 3 J = 8.5

z, 2H), 7.60 (d, 3 J = 8.0 Hz, 1H), 7.77 (t, 3 J = 8.5 Hz, 1H), 7.87

d, 3 J = 8.5 Hz, 2H), 8.03 (d, 3 J = 7.5 Hz, 1H), 10.39 (s, IH), 10.60

s, 1H), 12.70 ppm (br., 1H); 13 C-NMR (125 MHz; DMSO- d 6 ) δC 

2.08, 119.94, 125.76, 125.97, 126.21, 128.57, 129.38, 131.08, 134.57, 

36.70, 148.26, 154.75, 161.13, 164.37, 166.56 ppm; Anal. Calcd for 

 17 H 13 ClN 4 O 3 S: C, 52.51; H, 3.37; N, 14.41. Found: C, 52.77; H,

.05; N, 14.73. 

-Bromo- N ’-(2-((4-oxo-3,4-dihydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 17g ) 

White solid; yield = 93%; mp 233-235 °C; 1 H-NMR (500 MHz; 

MSO- d 6 ) δH 4.10 (s, 2H), 7.41-7.42 (m, 4H), 7.58 (t, 3 J = 8.0 Hz,

H), 7.66 (t, 3 J = 8.0 Hz, 1H), 7.73-7.75 (m, 1H), 8.01 (t, 3 J = 8.0

z, 1H), 10.46 (s, 1H), 10.50 (br., 1H), 12.69 ppm (br., 1H); 13 C- 

MR (125 MHz; DMSO- d 6 ) δC 32.03, 119.27, 119.94, 125.73, 125.93, 

26.20, 127.52, 129.30, 131.52, 132.91, 134.53, 136.56, 148.24, 

54.78, 161.11, 165.85, 166.19 ppm; Anal. Calcd for C 17 H 13 BrN 4 O 3 S: 

, 47.13; H, 3.02; N, 12.93. Found: C, 47.38; H, 3.32; N, 12.66. 

 ’-(2-((4-oxo-3,4,5,6,7,8-hexahydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 18a ) 

White powder; yield = 90%; mp 246-248 °C; 1 H-NMR (500 

Hz; DMSO- d 6 ) δH 1.60-1.65 (m, 4H), 2.24-2.25 (m, 2H), 2.49 (ov., 

H), 3.96 (s, 2H), 7.44-7.47 (m, 2H), 7.54 (t, 3 J = 7.5 Hz, 1H), 7.83

d, 3 J = 7.5 Hz, 2H), 10.23 (s, IH), 10.44 (s, 1H), 12.52 ppm (br., 1H);
3 C-NMR (125 MHz; DMSO- d 6 ) δC 21.42, 21.77, 30.99, 31.92, 116.68, 

27.43, 128.41, 131.81, 132.34, 156.28, 160.44, 162.73, 165.36, 16 6.6 6 

pm; Anal. Calcd for C 17 H 18 N 4 O 3 S: C, 56.97; H, 5.06; N, 15.63.

ound: C, 56.67; H, 5.29; N, 15.92. 

-Methyl- N ’-(2-((4-oxo-3,4,5,6,7,8-hexahydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 18b ) 

Off white powder; yield = 91%; mp 245-247 °C; 1 H-NMR (500 

Hz; DMSO- d 6 ) δH 1.61-1.66 (m, 4H), 2.24-2.25 (br., 2H), 2.32 (s, 

H), 2.49 (br. ov, 2H), 3.95 (s, 2H), 7.26 (d, 3 J = 7.0 Hz, 2H), 7.74

d, 3 J = 6.5 Hz, 2H), 10.19 (s, 1H), 10.35 (s, 1H), 12.52 ppm (br.,

H); 13 C-NMR (125 MHz; DMSO- d 6 ) δC 20.95, 21.41, 21.78, 30.96, 

1.92, 116.84, 127.44, 128.91, 129.52, 141.79, 155.53, 160.59, 162.58, 

65.21, 166.62 ppm; Anal. Calcd for C 18 H 20 N 4 O 3 S: C, 58.05; H, 5.41;

, 15.04. Found: C, 58.27; H, 5.23; N, 15.38. 

-Nitro- N ’-(2-((4-oxo-3,4,5,6,7,8-hexahydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 18c ) 

Pale yellow powder; yield = 92%; mp 251-253 °C; 1 H-NMR 

500 MHz; DMSO- d 6 ) δH 1.61-1.66 (m, 4H), 2.25 (br., 2H), 2.49 (br., 

H), 3.96 (s, 2H), 8.05 (d, 3 J = 8.5 Hz, 2H), 8.31 (d, 3 J = 8.5 Hz,

H), 10.35 (s, 1H), 10.84 (br., 1H), 12.44 ppm (br., 1H); 13 C-NMR 

125 MHz; DMSO- d 6 ) δC 21.43, 21.78, 30.98, 31.88, 116.60, 123.64, 

29.01, 137.97, 149.38, 156.12, 161.02, 163.80, 166.59 ppm; Anal. 

alcd for C 17 H 17 N 5 O 5 S: C, 50.61; H, 4.25; N, 17.36. Found: C, 50.89;

, 4.05; N, 17.63. 

-Methoxy- N ’-(2-((4-oxo-3,4,5,6,7,8-hexahydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 18d ) 

Off white powder; yield = 93%; mp 212-214 °C; 1 H-NMR (500 

Hz; DMSO- d 6 ) δH 1.60-1.66 (m, 4H), 2.25-2.26 (m, 2H), 2.49 (ov. 

r., 2H), 3.85 (s, 3H), 3.95 (s, 2H), 7.04 (t, 3 J = 7.5 Hz, 1H), 7.14

d, 3 J = 8.5 Hz, 1H), 7.49 (t, 3 J = 7.0 Hz, 1H), 7.69 (d, 3 J = 7.5 Hz,

H), 10.04 (s, 1H), 10.52 (br., 1H), 12.57 ppm (br., 1H); 13 C-NMR 
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125 MHz; DMSO- d 6 ) δC 21.41, 21.78, 30.97, 31.79, 55.95, 112.12, 

16.53, 120.57, 121.12, 130.16, 130.41, 132.83, 157.01, 160.14, 162.47, 

63.36, 165.59 ppm; Anal. Calcd for C 18 H 20 N 4 O 4 S: C, 55.66; H, 5.19;

, 14.42. Found: C, 55.45; H, 5.47; N, 14.08. 

-Chloro- N ’-(2-((4-oxo-3,4,5,6,7,8-hexahydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 18e ) 

Off white powder; yield = 95%; mp 238-240 °C; 1 H-NMR 

500 MHz; DMSO- d 6 ) δH 1.61-1.65 (m, 4H), 2.26 (br. ov, 2H), 2.49 

br., 2H), 3.94 (s, 2H), 7.42-7.50 (m, 4H), 10.38 (s, 1H), 10.41 (s, 

H), 12.54 ppm (br., 1H); 13 C-NMR (125 MHz; DMSO- d 6 ) 21.40, 

1.77, 30.92, 31.85, 116.59, 127.05, 127.99, 129.27, 129.77, 130.38, 

31.41, 134.45, 160.36, 162.50, 165.01, 166.28 ppm; Anal. Calcd for 

 17 H 17 ClN 4 O 3 S: C, 51.97; H, 4.36; N, 14.26. Found: C, 51.73; H, 4.62;

, 14.54. 

-Chloro- N ’-(2-((4-oxo-3,4,5,6,7,8-hexahydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 18f ) 

white powder; yield = 95%; mp 252-254 °C; 1 H-NMR (500 

Hz; DMSO- d 6 ) δH 1.61-1.66 (m, 4H), 2.19-2.26 (br., 2H), 2.34-2.49 

m, 2H), 3.95 (s, 2H), 7.54 (d, 3 J = 8.0 Hz, 2H), 7.85 (d, 3 J = 8.5

z, 2H), 10.23 (s, 1H), 10.52 (s, 1H), 12.49 ppm (br., 1H); 13 C-NMR 

125 MHz; DMSO- d 6 ) δC 21.40, 21.77, 30.95, 31.88, 116.34, 126.43, 

28.54, 129.35, 131.06, 136.68, 160.13, 162.32, 164.31, 166.60 ppm; 

nal. Calcd for C 17 H 17 ClN 4 O 3 S: C, 51.97; H, 4.36; N, 14.26. Found:

, 51.77; H, 4.72; N, 14.48. 

-Bromo- N ’-(2-((4-oxo-3,4,5,6,7,8-hexahydroquinazolin-2- 

l)thio)acetyl)benzohydrazide ( 18g ) 

White powder; yield = 94%; mp 248-250 °C; 1 H-NMR (500 

Hz; DMSO- d 6 ) δH 1.61-1.65 (m, 4H), 2.25-2.26 (m, 2H), 2.49 (br. 

v, 2H), 3.94 (s, 2H), 7.38-7.45 (m, 3H), 7.65-7.67 (m, 1H), 10.39 (s, 

H), 12.55 ppm (br., 1H); 13 C-NMR (125 MHz; DMSO- d 6 ) δC 21.43, 

1.80, 30.96, 31.88, 119.30, 127.57, 129.34, 131.58, 132.95, 132.96, 

36.59, 156.27, 160.34, 162.55, 165.91, 166.35 ppm; Anal. Calcd for 

 17 H 17 BrN 4 O 3 S: C, 46.69; H, 3.92; N, 12.81. Found: C, 46.45; H,

.78; N, 12.57. 

.2. Biological evaluation 

.2.1. In vitro bioassay of cytotoxicity and antiviral activity 

.2.1.1. MTT cytotoxicity assay. The cytotoxic activity of the synthe- 

ized compounds were determined employing MTT assay as previ- 

usly described [32] 

.2.1.2. Inhibitory concentration 50 (IC 50 ) determination. The values 

f IC 50 for the target quinazolines were determined as reported 

 34 ]. 

.2.1.3. Mechanism of action(s). To investigate whether the most 

otent candidates affect the (a) viral adsorption, (b) viral replica- 

ion, or (c) has a virucidal effect, the plaque infectivity reduction 

ssay was performed according to the reported procedure [ 34 ]. 

.3. Molecular modeling 

Molecular docking studies were carried out using Molecular 

perating Environment (MOE, 2020.0901) software. All minimiza- 

ions were performed with MOE until an RMS gradient of 0.05 

cal •mol −1 Å 

−2 with MMFF94x force field and the partial charges 

ere automatically calculated. The X-ray crystallographic struc- 

ure of SARS-CoV-2 main protease (M 

pro ) co-crystalized with a 

yrimidine-2,4-dione inhibitor (YD1) (PDB ID: 7LTJ) was down- 

oaded from the protein data bank [36] . Water molecules and lig- 

nds which are not involved in the binding were first removed. 
15 
ext, the protein structure was prepared for the molecular dock- 

ng study using QuickPrep protocol in MOE with the default op- 

ions. YD1 exhibits several binding interactions with M 

pro active 

ite with the amino acids Asn142, Gly143, Cys145, His163, Met165, 

lu166, and Asp187 either directly or through water mediated in- 

eractions ( Fig. 5 ). To perform the molecular docking study, the co- 

rystalized ligand (YD1) was used to define the active site and Tri- 

ngle Matcher placement method and London dG scoring function 

ere used. 

The molecular docking protocol was first validated by self- 

ocking of the co-crystallized ligand (YD1) in the vicinity of 

he enzyme active site. The self-docking step reproduced the co- 

rystalized ligand pose efficiently with docking score (S) of −13.26 

cal/mol and a root mean square deviation (RMSD) of 1.538 Å, 

oreover, the docking protocol reproduced all the key interactions 

ith the active site amino acids indicating the suitability of the 

dopted molecular docking protocol for the intended molecular 

ocking study ( Fig. 6 ). 

.4. Estimation of physicochemical, pharmacokinetic and ADME 

roperties 

The open SwissADME web tool available from the Swiss Insti- 

ute of Bioinformatics (SIB) was used for the calculation of the 

hysicochemical descriptors as well as to predict the ADME pa- 

ameters, and pharmacokinetic properties of the most potent com- 

ounds [37] . The compounds’ structures were drawn on the web 

ser interface, converted to SMILES notations, then submitted to 

he online server for calculation. 
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