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Abstract

Background and Objective: In this work, the synthesis of 1,4-dihydropyridine based bioactive compounds for computational study with
SARS-CoV-2 MP (PDB ID: 6y2f) and ACE2 (6M0J). Materials and Methods: A series of novel 1,4-dihydropyridine appended compounds
(3a-3g and 4a-4g) were prepared through Hantzsch reaction and followed by amination method. The newly prepared compounds were
satisfactorily analysed by CHN analysis and various spectroscopic (IR, 'TH NMR, *C NMR and mass) tools. The compounds of remdesivir,
hydroxychloroquine and CQ were optimized by Dmol® Materials Studio software 2017. /n silico study was executed to forecast binding
efficiency of 3a-3g and 4a-4g with targeted receptor spike protein (host angiotensin-converting enzyme 2; ACE2; 6M0J) and SARS-CoV-2
main protease (6y2f). Results: The binding energy of the docked compounds (3a-3g), remdesivir, hydroxychloroquine and chloroquine
was observed at -5.89, -6.74, -6.58, -6.38, -6.76, -5.83, -5.54, -4.40, -5.22 and -5.41 Kcal mol™, respectively. The binding energies of the
docked compounds (4a-4g), RDV, HQ and CQ were observed at-7.14,-6.62,-6.89,-6.60,-7.71,-6.55 and -6.52 Kcal mol~', respectively. The
results confirmed that the presence electron withdrawing groups on benzene such as nitro and chloro- substitutions or free benzene
enhancement of the inhibitory behavior on SARS-CoV-2 MP. Conclusion: The present data of synthesized compounds 3a-3g and 4a-4g
showed significant binding ability with this protease receptor and better than remdesivir (RDV), chloroquine (CQ) and hydroxychloroquine
(HQ). Chloroquine (CQ) and compounds (3c), (4a), (4b), (4e) and (4f) exhibited good interaction with ACE2 receptor.
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INTRODUCTION

In present year, the development of novel antiviral drug
is one of the most well-known research areas in medicinal
chemistry. Diseases caused by viral infection are main civic
health issue’. A positive strand RNA infection caused the virus
disease which began in China and has become a global
epidemic?3. The coronavirus COVID-19 is affecting almost all
countries (above 200) and territories around the world. It is
urgent to begin successful antivirals and curative medicine.
A vaccine for SARS-CoV-2 (Sputnik V) was approved by Russia
on August 11, 2020. An extensive research effort is being
undertaken to develop and repurpose new drugs that target
different components of the virus®. Russian scientists
developed an adenovirus vaccine based on two adenovirus
vectors’. Some viral proteins are over 90% homologous to
those found in the earlier SARS Corona Virus (SARS-CoV) and
the viral genome is 82% identical®. Producing nonstructural
proteins for viral replication using SARS-CoV-2°"". A specific
protease inhibitor can be designed in the absence of a
homologous human protease'. Pyridine skeleton attracts
more important among chemists and biologists because of its
abundance in nature. Some of the pyridines exhibited good
antitumor, antiviral activities, antifungal’™™. In the area of
drugs and pharmaceuticals, (DHPs) are among the most
important compounds'>'6. They reduce laboratory operations
and solvent quantities, as well as their cost, in synthetic
organic chemistry'”'®, Variations in the structural model
increased behavior of pyridine derivatives'?'. For example,
they are analogues of hydrogenised coenzymes? calcium
channel blockers, anticoagulant?® and act as multidrug
resistance?’, multi compound synthesis?>?, The SARS-CoV-2
ribbon structure and three-dimensional catalytic activity
center are reported by Bosica and Abdilla?’.

Recent reports suggest that pyridine analogues useful
pharmacologically effective?”2, The DHP molecule exhibited
antimicrobial, anticancer?®3' and antiviral activities are
reported. Significant biological actions of thiosemicarbazide
include antineoplastic activity*’. There are numerous ways to
study the interactions among hydrazines, esters and
thiosemicarbazide®. In scrutiny of these comments, we plan
to match up the new pyridine analogues and different
substitutions of five membered heterocyclic compounds in
activity level. The substituted compound of thiosemicarbazide
and semicarbazide reacted with both H,SO, and NaOH3*. In
this research, synthesis a new series of 1,4-dihydropyridine
derivatives, screened for computational study analysis against
SARS-CoV-2 MP© (PDB ID: 6y2f) and ACE2 (6M0J) receptors for
designing new anti-corona agents.

811

MATERIALS AND METHODS

Study area: The study was taken place in Research
Department of Chemistry, Nehru Memorial College
(Affiliated to Bharathidasan University), Puthanampatti, Trichy,
India. From April, 2022 to October, 2023.

Material and reagents: Melting points were noted.
The IR spectra were captured using a Shimadzu 8201pc
(4000-400 cm~") and recorded in kBr. The Bruker DRX-300 MHz
was used to record the TH and 13C NMR spectra. The Clarus
SQ8 (El) GCMS from PerkinElmer captured mass spectra. An
Elementary analyzer model (Varian EL Ill) was used to record
the elemental analyses (CHN).

Synthesis of compounds (3a-3g): A general method for
synthesis of 3a-3g, compound 2 (0.01 mol, 3.7g) and 4 mL of
Concentration. The H,SO, stirred well for 20-30 min and added
few drops of ammonia solution, the obtained solid was
purified using ethanol. The reaction was monitored by TLC,
yield: 75-85%. Hexane was used as solvents in TLC. Thin-layer
chromatography (TLC) was done by CCM Gel de silica gel
60 F254 sheet (0.1 mm) with hexane as emerging eluent. The
compounds were detected passing an E-Series UV hand lamp
(254/365 nm wavelength). The compounds are purified by
column chromatography (gelfiltration method, wet condition)
and silica gel (60-120 mesh) was used as a sorbent. Same
synthetic procedure was used for synthesis of the 3b-3g.

Compound (3a): The IR (kBr,cm™): 3415 (N-Hstr), 2929
(CH-str furyl ring), 2972 (NH,), 1646 (C=N), 653 (C-O-C). The 'H
NMR (300MHz, DMSO-d): ppm: 10.13 (s, TH, C=N-NH), 7.29
(s, 4H, oxadiazol-NH,), 6.25 (dd, 3H, /= 3.2, one more J value,
Furyl), 5.02 (s, TH, CH, Py), 2.27 (s, 6H, 2-CH; Py). The *CNMR
(75 MHz, DMSO-d): 5, ppm 169.7 (2C, C-NH,), 164.0
(2C, oxadiazol),152.8, 142.8, 110.7, 106.7 (4C, furyl), 130.6,
107.3, 44.7 (5C, pyridine), 15.0 (2C-CH;Py). The EI-MS
(Relative intensity (%)): m/z 342.34 (M*, 20). Anal. Calc. for
CisHisN,05:C, 52.78; H, 4.43; N, 28.73; Found: C, 52.76; H, 4.45;
N, 28.75. M. pt.: 257-260°C. Brown color solid and Yield: 62%.

Compound (3b): The IR (kBr, cm~"): 3420(N-Hstr), 2956(NH,),
1741 (C=N), 802(Ar-H), 660(C-0-C). The '"HNMR(300 MHz,
DMSO-a;):8(ppm): 10.16(s, TH, C=N-NH), 6.99(s, 4H, oxadiazol-
NH,), 7.33-7.28(m, 5H, Ph-ring), 4.43(s, 1H, CH-Py), 2.30(s, 6H,
2-CH; Py). The BCNMR(75 MHz, DMSO-dj): 169.8(2C, C-NH,),
164.1(2C, oxadiazol), 144.8-127.1(6C, phenylring), 131.6,108.3,
43.1(5C, in pyridine ring), 16.02C, C-CH; Py). The EI-MS
(Relative intensity (%)): m/z 351.36(M*, 23%). Anal. Cal. for
Cy,H7N;0,: C, 58.11; H, 4.88; N, 27.90; Found: C, 58.13; H, 4.90;
N, 27.92. White powder, Mp:150°C and Yield: 65%.
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Compound (3c): The IR (kBr, cm™): 3428(N-H), 2982(NH,),
1656(C=N), 840(C-Cl), 805(Ar-H), 645(C-0-C). The
THNMR(DMSO-d}), 8(ppm): 10.15(s, TH, C=N-NH), 6.98(s, 4H,
oxadiazol-NH,), 7.36-7.19(m, 4H, Ph-ring) 5.02(s, TH, CH-Py),
2.24(s, 6H, 2-CH; Py). The > CNMR(75MHz, DMSO-d}): 169.7(2C,
C-NH,), 164.0(2C, oxadiazol), 142.5, 131.4,130.8, 128.1(6C, Ph-
Cl), 130.7, 107.4, 43.7(5C, in pyridine ring), 15.1(2C, C-CHj Py).
The EI-MS (Relative intensity (%)): m/z 385.80(M*, 17). Anal. Cal.
for C;;H,4CIN,0,: C,52.92; H, 4.17; N, 25.41; Found: C, 52.94; H,
4.20; N, 25.43. White powder, Mp: 142°C and Yield: 62%.

Compound(3d): The IR(kBr, cm™'): 3420(N-H), 2980(NH,),
1645(C=N), 1448(C-0-H), 815(Ar-H), 662(C-0-C). The
THNMR(DMSO-dj), 3(ppm): 10.20(s, TH, C=N-NH), 9.47(s, 1H, C-
OH), 7.45(s, 4H, oxadiazol, NH,), 6.34-7.07(m, 4H, Ph-ring),
5.06(s, TH, CH-Py), 2.26(s, 6H, 2-CH; Py). The *C NMR(75MHz,
DMSO-a}): 168.7(2C, C-NH,), 163.0(2C, oxadiazol), 156.6,138.2,
131.2, 130.2(5C, Ph-ring), 116.2(1C, Ph-OH), 130.7, 106.3,
43.7(5C, in pyridine ring), 15.3(2C-CH; Py). The EI-MS(Relative
intensity (%)): m/z 367.36(M*, 20). Anal.Cal. for C;;H;N,05: C,
55.58;H,4.66; N, 26.69; Found: C, 55.60; H,4.68; N, 26.70. White
powder, Mp: 126°C and Yield: 46%.

Compound (3e): The IR (kBr, cm™"): 3419(N-H), 2982(NH,),
1651(C=N), 1540(C-NO,), 812 (Ar-H), 641(C-0-Q).
'HNMR(DMSO-d), §(ppm): 10.12(s, TH, C=N-NH), 8.13-7.47(m,
4H, Ph-ring), 7.36(s, 4H, oxadiazol, NH,), 5.03(s, TH, CH-Py),
2.28(s,6H, 2-CH;, Py). The *CNMR(75MHz, DMSO-g;):168.7(2C,
C-NH,), 165.0(2C, oxadiazol), 151.4, 144.8,126.9, 123.6(6C, Ph-
NO,), 130.5, 107.5, 44.7(5C, in pyridine ring), 15.1(2C-CH; Py).
The EI-MS (Relative intensity (%)):m/z396.36(M*,21). Anal.Cal.
for C;;H¢NgO,: C, 51.52; H, 4.07; N, 28.27; Found: C, 51.53; H,
4.09; N, 28.55. Pale yellow, Mp: 141°C and Yield: 52%.

Compound (3f): The IR (kBr, cm™"): 3422(N-H), 3020(Ar-H),
2970(NH,), 2961(C-Hstr of CH5), 1641(C=N), 652 (C-O-C). The
THNMR(DMSO-d;), 8(ppm): 10.16(s, TH, C=N-NH), 7.38(s, 4H,
oxadiazol, NH,), 6.86-7.18(m, 4H, Ph-ring), 5.06(s, 1H, CH-Py),
3.86(s, 3H, -OCH,), 2.25(s, 6H, 2-CH;). The *CNMR(75MHz,
DMSO-a}): 165.73(2C, C-NH,), 164.01(2C, oxadiazol), 157.2,
135.9, 114.6, 129.3(6C, Ph-ring), 130.6, 107.4, 46.4(5C, in
pyridine ring), 55.7(1C, Ph-OCH,), 44.6(1C, in pyridine -ring),
16.0(2C-CH; Py). The EI-MS (Relative intensity (%)): m/z 381.38
(M*, 19). Anal.Cal. for C;gH;oN,05: C, 56.69; H, 5.02; N, 25.71;
Found: C, 56.70; H, 5.04; N, 25.72. White powder, Mp: 125°C
and Yield: 60%.

Compound (3g): The IR (kBr, cm™"): 3426(N-H), 2973(NH,),
2956(C-Hstr of CH;), 1656(C=N), 810(Ar-H), 656(C-O-C). The
THNMR(DMSO-d}), 8(ppm): 10.18(s, TH, C=N-NH), 7.29(s, 4H,
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oxadiazol, NH,), 7.28-7.23(m, 4H, Ph-ring) 5.08(s, 1H, CH-Py),
3.12 (s, 6H, -N(CH,),), 2.41 (s, 6H, 2-CH;). The *CNMR(75MHz,
DMSO-a}): 168.7(2C,C-NH,), 164.1(2C-oxadiazol), 134.8,132.9,
126.9, 126.6(6C, Ph), 135.5, 107.5, 44.6(5C, in pyridine-ring),
40.8(2C, N(CHs),), 16.0 (2C-CH; Py). The EI-MS (Relative
intensity (%)): m/z 350.35(M*, 16). Anal. Cal for C;sH,,N,0,: C,
58.28; H-4.60; N-27.99; Found: C,58.30; H,4.62; N, 27.10. White
powder, Mp: 110°C and Yield: 46%.

General procedure for synthesis of (4a-4g)

A detailed procedure was given in supplementary file: The
compound 2 (0.01 mol, 3.7 g) and 2N NaOH in ethanol (15 mL)
was refluxed for 5 hrs then acidified with dil. The HCI (10 mL)
and purified using ethanol.

Compound (4a): The IR (kBr, cm™): 3342(N-H-pyridine ring),
3240(N-H-triazole ring) 3098(0H), 2930(CH-str furyl ring),
658(C-0-C). The 'THNMR(DMSO-a}), 8(ppm): 10.83(s, 2H, OH),
8.98(s, 1H, C=N-NH), 7.39, 6.30(d, 3H, =6.4Hz, Furyl), 5.82(s,
1H, CH, Py), 4.43(s, 2H, NH-in triazole), 2.50(s, 6H, 2CH;). The
13CNMR(75 MHz, DMSOd): 161.3(2C,COH), 151.1,145.8,110.3,
106.7(4C, Furyl-ring), 146.4(2C, triazol), 137.3, 110.3, 44.6(5C,
in pyridine-ring), 16.9(2C-CHj; Py). The EI-MS (Relative intensity
(%)): m/z 341.71(M*, 13). Anal. Cal. for C;sH;sN,05: C, 52.78; H,
4.43; N, 28.73; Found: C, 52.70; H, 4.41; N, 28.71. Light brown
colour, Mp: 126°C and Yield: 52%.

Compound (4b): The IR (kBr, cm~"); 3355(N-H-pyridine ring),
3256(N-H-triazole ring), 3092(0H in triazole ring), 3034(Ar-H),
921(aromatic CH str). The 'THNMR(DMSO-d), 8(ppm): 10.81(s,
2H, OH),8.96 (s, TH, C=N-NH), 7.40-7.26 (m, 5H, Ph-ring), 5.85(s,
1H, 4CH, Py), 4.46(s, 2H, NH-triazole), 2.57(s, 6H, 2 CH; ). The
3CNMR(75MHz, DMSO-¢;):161.3(2C-0OH), 149.7, 125.5,
123.5(6H, Phenyl ring), 146.6(2C, triazole), 135.3, 102.3,
43.6(5C, in pyridine ring), 15.9(2C-CHj; Py). The EI-MS (Relative
intensity (%)): m/z 351.36 (M*, 17). Anal.Cal. for C;;H;,N,0,: C,
58.11;H,4.88;N,27.90; Found: C, 58.13; H,4.90; N, 27.92. White
powder, Mp: 187°C and Yield: 53%.

Compound (4c): The IR (kBr, cm™"): 3349(N-H-pyridine ring),
3250(N-H-triazolering), 3091(OH in triazole ring), 923(aromatic
CH str), 839(C-Cl). The 'HNMR(DMSO-d), 8(ppm): 10.88(s, 2H,
OH), 8.88(s, TH, C=N-NH), 7.38-7.26(m, 4H, Ph-ring), 5.83(s, 1H,
CH, Py), 4.46(s, 2H, NH-in triazole) 2.53(s, 6H, 2-CH,). The
1BCNMR(75MHz, DMSO-d):162.35(2C-0OH), 146.4(2C, triazole),
142.8(1C, Ph-Cl), 140.3, 136.0-124.5(5C, Ph-ring), 135.36,
106.35,47.63(5C, in pyridinering), 15.88(2C-CH; Py). The EI-MS
(Relative intensity (%)): m/z 385.80(M*, 13). Anal.Cal. for
Cy;H16CIN,0,: C, 52.92; H, 4.18; N, 25.41; Found: C, 52.95; H,
4.20; N, 25.42. White powder, Mp: 156°C and Yield: 43%.
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Compound (4d): The IR (kBr, cm™); 3344(N-H-pyridine ring),
3249(N-H-triazole ring), 3086(OH in triazole ring), 1449(C-OH
in phenyl ring), 926(aromatic CH str). The THNMR(DMSO-d}),
3(ppm): 10.68(s, 3H, C-OH), 8.99(s, TH, C=N-NH), 7.20-6.39(m,
4H, Ph-ring), 5.86(s, 1H, CH, Py), 4.47(s, 2H, NH-in triazole),
2.53(s, 6H, 2-CH;). The *CNMR(75MHz, DMSO-d): 163.3(2C-
OH), 152.7(1C,Ph-OH) 146.3(2C, triazole)142.4,134.2,117.5(5C,
Ph-OH), 135.3, 103.3, 47.6(5C, in pyridine ring), 16.9(2C-CH;.
Py). The EI-MS (Relative intensity (%): m/z 367.36(M*, 13).
Anal.Cal. for C;;H;,N;05: C, 55.58; H, 4.66; N, 26.69; Found: C,
55.60; H, 4.68; N, 26.71.Pale yellow, Mp:141°C and Yield: 52%.

Compound (4e): The IR (kBr, cm~") 3340(N-H-pyridine ring),
3249(N-H-triazole ring), 3086(0H), 1540(C-NO,), 932(aromatic
CHsstr). The 'THNMR(DMSO-gj), §(ppm): 10.86(s, 2H, OH), 8.92(s,
1H, C=N-NH), 8.19-7.50(m, 4H, Ph-ring), 5.80(s, 1H, 4CH, Py),
4.40(s, 2H, NH-in triazole) 2.59(s, 6H, 2CH;). The *CNMR
(75MHz, DMSO-q}): 166.3(2C-OH), 155.8, 145.3, 128.3, 120.5,
(6C, Ph-NO,), 146.7(2C, triazole), 130.3, 107.3, 44.6(4C, in
pyridine ring), 16.9(2C, CH; Py). The EI-MS (Relative intensity
(%)): m/z 396.36(M", 24); Anal.Cal. for C;;H;4NgO,: C, 51.51; H,
4.07; N, 28.27; Found: C, 51.52; H, 4.09; N, 28.29. Pale yellow,
Yield: 51% and Mp: 140°C.

Compound (4f): The IR (kBr, cm~"); 3355(N-H-pyridine ring),
3252(N-H-triazole ring), 3079 (OH), 2966(C-H str of CHj),
932(aromatic CH str), 658(C-0-C). The "HNMR(DMSO-d}),
3(ppm): 10.79(s, 2H, OH), 8.95(s, TH, C=N-NH), 6.80-7.30(m, 4H,
Ph-ring), 5.87(s, 1H, CH, Py), 4.46(s, 2H, NH-in triazole) 3.83(s,
3H, -OCH,), 2.55(s, 6H, 2-CH;). The "CNMR(75MHz,
DMS0Od;):163.4(2C-0H), 157.8-130.5(6C, Ph ring), 146.2(2C,
triazole), 135.3, 102.3(4C, in pyridine ring), 55.9(1C, Ph-OCH,),
44.6(1C, in pyridine ring), 16.9(2C-CH; Py). The EI-MS (Relative
intensity (%)): m/z 381.38(M*, 16); Anal.Cal. for C;gH;sN,O5: C,
56.69; H, 5.02; N, 25.71; Found: C, 56.70%; H, 5.05; N, 25.73.
White powder, Mp: 128°C and Yield: 56%.

Compound (4g): The IR (kBr, cm™'); 3343(N-H-pyridine ring),
3246(N-H-triazole ring), 3082(0OH), 2953(C-H str of CH;),
932(aromatic CH str), 659(C-0-C). The 'HNMR(DMSO-dj),
3(ppm): 10.86(s, 2H, OH), 8.86(s, TH, C=N-NH), 7.40-7.15(m, 4H,
Ph-ring), 5.77(s, TH, CH, Py), 4.46(s, 2H, NH-in triazole), 3.18(s,
6H, -N(CH;), 2.52(s, 6H, 2-CH; Py). The *CNMR(75MHz, DMSO-
a;):166.3(2C-0H), 146.9, 136.6, 130.6, 113.5(6C, Ph), 146.5(2C,
triazole), 133.3, 109.4, 44.6 (5C, in pyridine ring), 40.5(2C,
N(CH;),), 16.9(2C-CH; Py). The EI-MS (Relative intensity (%)):
m/z 350.35 (M*, 19). Anal.Cal. for C;;H,,N;O,: C, 58.28; H, 4.60;
N, 27.95; Found: C, 58.29; H, 4.62; N, 27.97. White powder, Mp:
182°C and Yield: 60%.
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Molecular docking analysis

Computational study of compounds with SARS-CoV-2 Mpre
(PDB ID: 6y2f) and ACE2 (PDB ID: 6M0J): To optimize
compound structures, we used Material Studio software 2017
via DMol® module and structures were calculated by task;
geometry optimization, electronic; DND (double numerical
plus d-function), Basis set; 3.5 and max SCF
(shell self-consistent field) cycles; 999. In next stage, structures
were saved mol2 after optimization. The 3D view of
coronavirus (SARS-CoV-2) proteins with PDB ID: 6y2f, ACE2
PDB ID: 6M0J were acquired from RCSB Protein Data Bank
(PDB). The FDA approved anti-corona drugs including
chloroquine, HQ and RDV were retrieved from PubChem.
AutoDock version 1.5.6. Program was used to interact
between compounds and receptors. For visualization and
interactions, the Discovery Studio 2016 was used. All docking
simulations were performed using a grid box (x, y and z
directions) with 126X 126X 126 A points with a grid-point
spacing of 0.5138 A for 6y2f and a grid box (x, y and z
directions) with 126X 126X 126 A points with a grid-point
spacing of 0.5138 A for 6M0J. Lamarckian genetic algorithm
(LGA) method with the 100 runs was applied in AutoDock 4.2
calculations.

RESULTS AND DISCUSSION

Synthesis and characterization of compounds: The
compounds 1 and 2 were synthesized according to the
literature method3%. Compounds (3a-3g) and (4a-4g) were
prepared by reacting compound 2 with H,SO,/NH; (for 3a-3g)
and NaOH/dil.HCI (for 4a-4g) by cyclization method. The
sequential syntheses of compounds 3a-3g and 4a-4g were
givenin Scheme 1.

The compounds (3a-3g)’s IR spectra revealed an
absorption band at 3426-3349 cm™' due to N-H str and NH,
band at 2980t0 290 cm™".The band at 1646-1656 cm™' due to
C=N str and 656-653 cm™' due to C-O-C str. The 'THNMR
spectra of compounds 3a-3g showed peaks at §10.13-10.16,
7.29-7.38, 6.25, 5.02 and 2.26 attributable to N-H, NH,,
furylring, CH-pyridine ring and CH; protons, respectively. The
13CNMR spectra of compounds 3a-3g exhibited peaks at &
169.6, 164.0 and 152.8-106.7 corresponding to the C-NH,,
oxadiazole and furyl ring. The FT-IR spectrum of the
compounds (4a-4g) showed bands at 3345 to 3355 cm~' due
to N-H (pyridine ring) str, NH (triazole ring) absorption band at
3240t0 3252 cm™'. The OH group in triazole ring absorbed at
3092-3082 cm™". The 'THNMR spectrum of compounds 4a-4g
showed peaks at § 10.82, 5.82, 4.43, 2.50 attributable to
OH, CH in pyridine ring, N-H(triazole), 2CH; in pyridine
ring,  respectively. The  "BCNMR  spectrum  of
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Scheme 1: Synthesis of 1,4-dihydropyridine derivatives (3a-3g and 4a-4g)

Fig. 1: Structural feature of the protease of SARS-CoV-2 MP° composed of three domains

compounds 4a-4g exhibited peaks at & 161.36, 146.40 and
15.92 corresponding to the C-OH, 2Cin triazole ring and 2Cin
pyridinering, respectively. The GC-MS (El) spectra details given
in experimental section.

Molecular simulation

Docking of target compounds and SARS-CoV-2 Mpre
(PDB ID: 6y2f): The SARS-CoV-2 MP® of corona virus is
considered a major biological target for drugs and synthesized
compounds. Figure 1 and Table 1 show the docking values of
the pyridine analogues with protein as the lowest free energy
(AGinging)- Figure 1 shows structural protease of SARS-CoV-2
Mpre divides three domains and active site®3%, Table 2
represented the interaction between the compounds 3a-3g
and SARS-CoV-2.
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The docking energy (Gynging) Was produced by AutoDock
software (1.1.2 version, 1.5.6 application suite)+via sum of
various factors as: Gpindging = GudwtceletGn 0ONA+Gyeson+Gior
based on the lowest energy conformations. Based on
substituents of the title compounds by furan(3a), benzene(3b),
para-chlorobenzene(3c), phenol(3d), nitrobenzene(3e),
anisole(3f) and N,N-dimethylaniline(3g) on pyridine ring. The
binding energy of the docked compounds (3a-3g), remdesivir,
hydroxychloroquine and chloroquine was observed at
-5.89, -6.74, -6.58, -6.38, -6.76, -5.83, -5.54, -4.40, -5.22 and
-5.41 Kcal mol=', respectively. So, all synthesized compounds
significantly bind with SARS-CoV-2 MP™, when match up to
RDV,HQand CQ. The contact between the 3aand SARS-CoV-2
Mpwas dominated by hydrogen bonds Thr A:199, Lys A:236
and Leu A:27 residuesin site domain Ill. Molecular docking
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Table 1: SARS-CoV-2 M (PDB ID: 6y2f) docking results of the compounds 3a-3g and drugs (Unit: cal mol~")

Estimated free Final intermolecular ~ vdW+Hbond+desolv  Electrostatic Final total Torsional free Unbound system’s
energy of binding* energy energy energy internal energy energy energy
Compound (kcal mol=") (kcal mol=") (kcal mol=") (kcal mol=") (kcal mol=") (kcal mol=") (kcal mol=")
3a -5.89 -7.38 -7.27 -0.10 -1.14 1.49 -1.14
3b -6.74 -8.23 -7.80 -0.43 -0.68 1.49 -0.68
3c -6.58 -8.07 -7.89 -0.18 -1.16 1.49 -1.16
3d -6.38 -8.07 -7.89 -0.18 -1.16 1.49 -1.16
3e -6.76 -8.55 -7.76 -0.79 -0.93 1.74 -0.93
3f -5.83 -7.62 -7.48 -0.13 -1.34 1.79 -1.34
39 -5.54 -7.33 -7.29 -0.04 -1.41 1.79 -1.41
RDV -4.40 947 -9.31 -0.16 -5.26 -5.07 -5.26
HQ -5.22 -8.21 -7.28 -0.93 -0.71 298 -0.71
CcQ -5.41 -7.79 -7.30 -0.49 -0.66 239 -0.66

studies indicate the forming Van der Waals interaction
between furan ring of compound 3a and domain Il of
receptor. The benzene of compound 3b formed two hydrogen
bonds with Lys A:97 and GIn A:69 residues in domain I. The
Pi-alkyl, alkyl and Pi cation interactions of Ala A:70 and Lys
A:97 residues were suggested between aromatic ring of
benzene and receptor for 3b. The data of 3c showed that
3c interacted with SARS-CoV-2 MP° by hydrogen bonding of
GIn A:19, Gly A: 71, Ser A:121, Lys A:97 and Gly A: 11 residues.
The Pi-alkyl and alkyl interactions of Trp A:31 and Ala A:70
residues were suggested between aromatic ring of benzene
and receptor for 3c. The compound 3d was able to combine
with SARS-CoV-2 MP™ by hydrogen bonding of Ala A:285, Leu
A:287,Try A:237 and Thr A:199 residues in the domain Il
Also, the phenol of compound 3d interacted with Leu A:287 of
SARS-CoV-2 Mr by Pi-alkyl, alkyl and hydrogen interactions.
Compound 3e was docked into domain | by hydrogen
interactions of GIn A:19, GIn A:69, Lys A:97 and Glu A:14
residues. In addition, the Van der Waals interaction was
suggested between Ser A:121 residue and 3e. Molecular
docking studies indicated the forming hydrogen interaction
of (3f) with Try A:239 and Leu A:287 residues of receptor in the
domain Ill. The anisole of (3f) was situated in the domain Il
using Van der Waals interaction to Asn A:238 of receptor. The
combine between the (3g) and SARS-CoV-2 MP® was
dominated by hydrogen bonds Leu A:287 and Tyr A:239in the
domain lll. N, N-dimethylaniline of (3g) interacted into Asn
A:238 of receptor using Van der Waals interaction.

The RDV may contribute hydrogen, Van der Waals,
Pi-alkyl, alkyl and Pi-Pi T shaped combine in the domain
Il of SARS-CoV-2 MP™, In addition, the HQ may contribute
hydrogen, Pi-donor hydrogen, Van der Waals, Pi-alkyl, alky!
and Pi-sigma interactions in the domain Ill of SARS-CoV-2 Mpr
and the CQ was formed via hydrogen, Pi-donor hydrogen and
Van der Waals, Pi-alkyl and alkyl combine in the domain | of
SARS-CoV-2 MP, The bonding interactions of compound 3c,
RDV, HQ and CQ with SARS-CoV-2 main protease (6y2f) were
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illustrated in Fig. 2. Remaining compounds (3a, 3b, 3d, 3e, 3f
and 3g) interactions provided in supplementary file.

The results confirmed that the presence electron with
drawing groups on benzene such as nitro and
chloro-substitutions or free benzene enhancement of the
inhibitory behavior on SARS-CoV-2 MP®, meanwhile,
compounds containing contributing electron donating groups
on benzene such as methoxy, hydroxyl or amine contribute to
the decrease the inhibitory activities®. Figure 3 demonstrate
the docked conformation of the compounds 4a, 4b, 4e, 4f,
RDV, HQ and CQ with SARS-CoV-2 MP as the lowest value
(AGyinging)- The remaining compounds (4¢, 4d and 4q) are
provided in supporting information. Table 3 shows the
docking values of the compounds (4a-4q).

Based on substituent’s of the title compounds by
furan(4a), benzene(4b), p-chlorobenzene (4c), phenol(4d),
nitrobenzene(4e), anisole (4f) and N,N-dimethylaniline(4g) on
pyridine ring, binding energies of the docked compounds
(4a-4g), RDV, HQ and CQ were observed at -7.14, -6.62, -6.89,
-6.60, -7.71, -6.55 and -6.52 Kcal mol~!, respectively. The
results showed all synthesized compounds displayed more
toward RDV, HQ and CQ. All compounds are interacted with
SARS-CoV-2 MP™, thereby inhibitory effects of ligand (4e) on
SARS-CoV-2 Mrewere formed mediated hydrogen bond with
Leu A:287, Tyr A:239, Ala A:285, Thr A:199, Asn A:238, Van der
Waals bond with Thr A:198, Met A:276, Pi-Pi T shaped bond
with Tyr A:239, Pi sigma with Leu A:287, Pi-alkyl with Leu
A:286, Leu A:272 in domain Ill. Moreover, the interaction
between ligand(2b) and receptor was dominated by hydrogen
bond and carbon hydrogen bond (Tyr A:237, Ala A:285, Asn
A:238, Thr A:199), Pi-Alkyl (Pro A:803) and Van der Waals bond
(Tyr A:239, Thr A:198, Gly A:275, Leu A:271, Leu A:272, Gly
A:275), Pi sigma bond (Leu A:287) and Pi-alkyl bond (Leu
A:286, Met A:276) in domain Ill. The docked conformation
ligand(3c) into SARS-CoV-2 MP revealed in hydrogen bond
(Ala A:285, Leu A:287, Thr A:199, Asn A:238), Van der Waals
bond (Thr A:198, Met A:276, Tyr A:239, Tyr A:237, Leu A:272),
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(a) Optimized structure 6y2f

()

(©

@ [

Fig. 2(a-d): Docking conformation of the synthesized compounds (a) 3¢, (b) RDV, (c) HQ and (d) CQ with SARS-CoV-2 main
protease (6y2f)

816



Int. J. Pharmacol, 19 (6): 810-824, 2023

Optimized structure 6y2f

()

(b)

()

(d)

Fig. 3(a-d): Docking conformation of all synthesized compounds (a) 4a, (b) 4b, (c) 4e and (d) 4f with SARS-CoV-2 M (6y2f)
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Table 2: Interaction results between the compounds 3a-3g and drugs with SARS-CoV-2 MP© (PDB ID: 6y2f)

Hydrogen, carbon hydrogen

Compound  and Pi donor hydrogen bonds Van der Waals interactions Pi-Pi Tshaped Pisigma  Pi-alkyl and alkyl Amid Pistack P Sulfur
3a Thr A:199, Lys A:236, Leu A:271 Asn A:238, Leu A:272, Tyr A:237 LeuA:287  Thr A:239 Met A:276
Gly A:275, Leu A:286
3b Lys A:97, GIn A:69, Val A:18, Trp A:31, Met A:17, Pro A:122, Ala A:70 Gly A:120
Gly A:71 Asn A:119, GIn A:69, Ser A:121,
Glu A:14, Pro A:121
3c GIn A:19, Gly A: 71, Ser A:121, Asn A:119, GIn A:69, Trp A:31, GIn A:14
Lys A:97,Gly A: 11, Val A:18, Met A: 17,Gly A: 15, Gly A: 120 Ala A:70
Cys A:16, Pro A:122,
3d Ala A:285, Leu A:287, Leu A:287, Leu A:237, Leu A:199, Gly A:275  Leu A:287 Met A:276
Try A:237, Thr A:199 Tyr A:239, Asn A:238, Leu A:272
3e GIn A:19, GIn A:69, Lys A:97, Asn A:119, Ser A:121, Val A:18,
Glu A:14, Gly A:71, Gly A:120, Asn A:95, Ala A:70,
Gly A:15, Pro A:122 Met A:17, Trp A:31, Cys A:16
3f Try A:239, Leu A:287 Asp A:289, Val A:204, Thr A:199, Tyr A:237 Leu A:286
Leu A:272, Ala A: 285, Met A:276,
Leu A:271, Gly A: 275, Asn A:238
39 Leu A:287, Tyr A:239 Val A:204, Thr A:199, Asp A:289, Tyr A:237 TyrA:237 Leu:A:286
Asn A:238, Leu A:272, Ala A: 285,
Met A: 276, Leu A:271, Gly A: 275
RDV GIn A;110, Thr A;111, Asp A:295 Thr A:492, His A;246, Asn A:203, Phen A:282, lle A:249,
Val A:297, Phe A;8, Asn A:151 Pro A:293,
Val A;202,
Pro A;252
HQ Glu A:288, Leu A:287, Tyr A:239 Asp A:289, Lys A:137, Arg A:131,  Leu A:287 LeuA:287  Leu A:287
Gly A:275, Leu A:272, Tyr A:237,
Leu A:286, Thr A:199, Lys A5,
Glu A:290
cQ Val A:77, GIn A:74, Phe A:66 Val A:68, His A:64, Asn A:63, Val A:73,
Asp A:92, Thr A:93 Leu A75,
Arg A:76

Table 3: SARS-CoV-2 MP (6y2f) docking results of the compounds 4a-4g (Unit: kcal mol~")

Estimated free energy ~ Final intermolecular ~ vdW+Hbond+desolv  Electrostatic ~ Final total internal ~ Torsional free  Unbound system'’s
of binding* energy energy energy energy energy energy
Compound (kcal mol") (kcal mol=") (kcal mol=") (kcal mol") (kcal mol=") (kcal mol—") (kcal mol=")
4a -7.14 -8.33 -8.12 -0.22 -0.47 1.19 -047
4b -6.62 -8.12 -7.86 -0.26 -1.08 1.49 -1.08
4c -6.89 -8.38 -8.17 -0.21 -1.17 1.49 -1.17
4d -6.60 -8.39 -8.09 -0.30 -0.98 1.79 -0.98
4e -7.71 -9.50 -8.28 -1.22 -1.21 1.79 -1.21
4f -6.55 -8.34 -8.10 -0.23 -1.29 1.79 -1.29
4g -6.52 -8.31 -8.11 -0.19 -1.03 1.79 -1.03

Pi sigma bond (Leu A:287) and Pi-alkyl bond (Leu A:286) in
domain lll. The docked conformation of ligand (3d) situated in
SARS-CoV-2 MPevia hydrogen bond (Leu A:287, Asn A:238, Thr
A:237,leu A:271), Van der Waals bond (Leu A:286, Met A:276,
Gly A:275, Thr A:193, Thr A:199, Glu A:288, Tyr A:237), Pi sigma
bond (Leu A:287), as well as Pi-alkyl and alkyl bonds
(Leu A:272, Tyr A:237).The docked conformation of ligand(3e)
situated in SARS-CoV-2 MPvia hydrogen bond (Met A:49, Asn
A:51, Ser A:46, Thr A:45, Asp A:56, Arg A:60), Van der Waals
bond (Asn A:53, Leu A:57, Cys A:44) and Pi-alkyl bond
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(Leu A:286) in domain I. In addition, ligand(3f) exhibited
hydrogen interactions with Ala A:285, Leu A:287, Thr A:199,
Asn A:238, Van der Waals bond (Asp A:197, Thr A:198, Met
A:276, Tyr A:239, Tyr A:237, Leu A:272, Leu A:286) and Pi-alky!
bond (Leu A:287) in domain lll. In addition, ligand(3g)
exhibited hydrogen interactions with Ala A:285, Leu A:287,
Thr A:199, Asn A:238, Van der Waals bond (Asp A:197, Thr
A:198, Tyr A:237, Tyr A:239, Leu A:272, Leu A:286,
Met A:276, Glu A:288) and Pi-alkyl bond (Leu A:287) in
domain Il
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Fig. 4: Structural feature of the protease of ACE2

Table 4: ACE2 (6M0J) docking results of the compounds 3a-3g and drugs (Unit: kcal mol~")

Estimated free energy  Final Intermolecular ~ vdW+Hbond+desolv  Electrostatic ~ Final total internal  Torsional Free  Unbound system’s
of binding* energy energy energy energy energy energy
Compound (kcal mol~=") (kcal mol=") (kcal mol—") (kcal mol~—") (kcal mol—") (kcal mol=") (kcal mol=")
3a -4.24 -5.74 -5.45 -0.29 -1.28 1.49 -1.28
3b -4.67 -6.16 -5.88 -0.28 -1.41 1.49 -1.41
3c -4.90 -6.39 -6.26 -0.13 -1.44 1.49 -1.44
3d -4.16 -5.95 -5.54 -041 -1.21 1.79 -1.21
3e -4.46 -6.24 -5.32 -0.92 -1.21 1.79 -1.21
3f -2.54 -433 -4.25 -0.08 -1.45 1.79 -1.45
39 -4.58 -6.37 -6.04 -0.33 -1.48 1.79 -1.48
RDV -2.44 -7.51 -7.43 -0.08 -4.95 5.04 -4.95
HQ -4.64 -7.62 -5.94 -1.68 -1.05 298 -1.05
cQ -5.16 -7.55 -6.03 -1.52 -0.67 239 -0.67

Docking of compounds against ACE2 (6MO0J): The
coronaviruses attach to the spike (S) glycoprotein on the outer
surface of the host cell's membrane. As a result, host cell
targetis for S1 subunit of the spike (S) glycol protein in corona
viruses® 3D structure of ACE2 shows in Fig. 4. Figure 5 and
Table 4 shows the molecular docking results and interactions
of compounds 3¢, RDV, HQ and CQ with ACE2 (6M0)).
Remaining compounds 3a, 3b, 3d, 3e, 3f, 3g.

The minimum binding energies of compounds (3a-3g),
RDV, HQ and CQ were -4.24, -4.67, -4.90, -4.16, -4.46, -2.54,
-4.58, -2.44, -4.64 and -5.16 Kcal mol™, respectively. The CQ
and ligand (3c) including Cl had more effect on ACE2
compared with other compounds and drugs.

The docking results of ligand (3c) with ACE2 showed
ligands located inside pocket of hydrogen bond, Van der
Waals, Pi-Pi T shaped and amid Pi stack relations. The ligand
(3a) was participated in hydrogen interactions with Glu A:375,
Pro A:346 in B3. Meanwhile, the ligand (3b) was participated
in hydrogen interactions with Arg A:393, Tyr A:385, Ala A:348
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and Glu A:375 in core section. The ligand(3c) was formed
hydrogen bond, Van der Waals, Pi sigma, Pi-Pi T shaped,
Pi-alkyl and unfavorable acceptor-acceptor interactions in B3
of ACE2. In addition, ligand(3d) can be accommodated by
binding pocket of hydrogen bond, Van der Waals, Pi-cation
and carbon hydrogen bond and form hydrogen bonds to Ser
A:545, Asp A:543 and Asn A:546 of ACE2. Ligand(3e) was
interacted with ACE2 via formation of hydrogen bond with Glu
A:433, GIn A:287, Lys A:247 and Asp A:597 and Van der Waals
interactions with Gly A:286, Phe A:285, GIn A:598, Trp A:594
and Pro A:284. Ligand(3f) bound to ACE2 with Ala A:522 and
Leu 518 through hydrogen as well as Pro E521, Ala A:520, His
E:519 and Leu E:390 bonding via Van der Waals interactions.

There arefive kinds of hydrogen (Pro A:346, Glu A:375, Ala
A:348), Van der Waals 9 His A:345, His A:378, His A:401, Tyr
A:385, Asp A:382, Phe A:40, Ser A:43, Ser A:44, Asn A:51),
carbon hydrogen (Thr A:347), Pi-Pi T shaped (Trp A:345),
Pi-alkyl (Ala A:348) and amid-Pi stack (Asp A:350) interactions
in the binding model of ligand(3g).
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Optimized structure ACE2 (6MO0J)
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(b)

(©

(d)

Fig. 5(a-d): Docking conformation of all synthesized compounds (a) 3¢, (b) RDV, (c) HQ and (d) CQ with ACE2 (6M0J)
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Optimized structure ACE2 (6M0J)
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Il Comvertional Hydrogen Bond [ Pt

Fig. 6(a-d): Docking conformation of synthesized compounds (a) 4a, (b) 4b, (c) 4e and (d) 4f with ACE2 (6M0J)
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The RDV interacted with ACE2 via formation of hydrogen
bonds with Gly A:537 and Glu A:536, Van der Waals
interactions with Glu A:539, Pro A:538, Pro A:590, Asn A:586,
Glu A:527, His A:535, GIn A:531, Lys A:534, Pi sigma relations
with Leu A:539 and Pi-alkyl interaction with Cys A:530.

The HQ interacted via the formation of hydrogen bonds
of Asn A:394, Asp A:382, Van der Waals interactions with Phe
A:40, Asp A:350, Ala A:348, His A:401, Asp A:382, Pi-alkyl and
alkyland Pi-Pistackinteractionsin B3.In addition, chloroquine
also interacted via the formation of H, bond, Van der Waals
interactions, Pi-alkyl and alkyl and Pi-Pi stack interactions.
The CQ was exhibited via the formation of hydrogen bond,
Van der Waals interactions, Pi-alkyl and alkyl and Pi-Pi stack
interactions (Fig. 6).

Based on substituents of the title compounds by
furan(4a), benzene(4b), para chlorobenzene(4c), phenol(4d),
nitrobenzene(4e), anisole(4f) and N,N-dimethylaniline(4g) on
pyridine ring, binding energies of the docked ligands (4a),
(4b), (4¢), (4d), (4e), (4f), (49), remdesivir, hydroxychloroquine
and chloroquine with ACE2 were observed as -5.90, -4.72,
-4.62, -4.42, -4.87, -490 and -4.87 Kcal/mol, respectively.
Chloroquine and ligand(4a) had more effect on ACE2
compared with other compounds and drugs.

Ligand(4a) interacted with ACE2 via formation of
hydrogen and Pi-donor hydrogen bond with Lys A:562, GIn
A:98, Van der Waals interactions with Lys A:94, Leu A:91, Asn
A:210, Glu A:208, Gly A:205, Asp A:206, Tyr A:385, Trp A:556,
Pro A:565, Val A:212, Pi-sigma Leu A:95, Val A:209 and Pi-alkyl
interaction with Leu A:95. Ligand(4b) was docked into B3 of
ACE2 by hydrogen interactions of Tyr A:385, Ala A:348, Glu
A:375 residues. Ligand(4c) was also surrounded by Van der
Waals, hydrogen, Pi-Pi T shaped, Pi sigma and alkyl
interactions in B3 section.

Ligand (4d) was involved in hydrogen, Van der Waals,
Pi-Pi stacked and Pi-alkyl connections with receptor ACE2 in
the a2 section. In addition, ligand(4e) was involved in the
binding of hydrogen, carbon hydrogen bond, Pi-cation
interactions in the core section. Ligand (4f) also is presented in
pocket of hydrogen, carbon hydrogen bonds and Pi-alkyl
interactions with receptor ACE2 in the B4 section. Three types
of hydrogen bonds, Van der Waals, Pi-Pi T shaped, Pi-alkyl and
Pi sigma interactions were observed between ligand(4f) and
ACE2 in B4 section. Ligand(4g) was exhibited to interact via
formation of hydrogen bond with Ser A:44, Ala A:348,
hydrophobicinteractions with Tyr A:385, Phe A:350, Asp A:350,
Asp A:382, His A:378, Thr A: 347, Glu A: 375, Glu A: 402, Van der
wall interactions with Tyr A:385, Phe A:350, Asp A:350, Asp
A:382, His A:378, Thr A: 347, Glu A: 375, Glu A: 402, Pi-Pi T
shaped interaction with Trp A:349, Pi-alkyl interaction with
Ala A:348 and Pi sigma interaction with His A:401.
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CONCLUSION

A novel approach for the high vyield of new
1,4-dihydropyridine derivatives (3a-3g and 4a-4g) were
studied and Dmol3Module’s 2017 Materials Studio software
was used to optimize the shape of the compounds. The
in sifico study of optimized structures was used for the
protease of SARS-CoV-2 MP™ (PDB ID: 6y2f) and ACE2 (6M0J).
Due to the interaction of all synthesized compounds on
domain | and Il in protease of SARS-CoV-2 MP©, the lowest
energy conformations were created, hence 3a-3g and 4a-4g
can be used as antagonists compared to other drugs to kill
corona virus. The compound (4a) has interacted with the a2
ACE2 receptor. The synthesized compounds (3c), (4a), (4b),
(4e) and (4f) were found to have potential anticoronavirus
activity in the section of SARS-CoV-2 MP, To determine if the
compounds are useful as clinical antiviral agents, /in vitro
studies will be conducted.
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