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Abstract: In the present study, 1-(5-Methyl-1-(5-(methylthio)-1,3,4-thiadiazol-2-yl)-1H-1,2,3-triazol-
4-yl) ethan-1-one 2 was used as predecessor molecule for synthesis of methyl 2-(1-(5-methyl-1-(5-
(methylthio)-1,3,4-thiadiazol-2-yl)-1H-1,2,3-triazol-4-yl) ethylidene) hydrazine-1-carbodithioate 3.
The latter compound was utilized to synthesize two new 1,3,4-thiadiazole-1,2,3-triazole hybrids 6 and
7 via its reaction with the appropriate hydrazonoyl halide derivatives 4 and 5. All the newly prepared
derivatives' chemical composition was inferred from microanalytical and spectral data (FT-IR, Mass
spectrometry, 'H-NMR, and *C-NMR). Coronavirus disease (COVID-19) is an infectious disease that
can cause respiratory tract infections of humans and vertebrate animals. Herein, we reported a structure-
aided in silico virtual screening to identify their antiviral activity against Coronavirus through inhibition
of main coronavirus protease, which plays an essential role in propagating the disease. The newly
synthesized compounds showed good docking scores to COVID-19 main protease.
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1. Introduction

Coronavirus disease that first emerged in Wuhan, Hubei province of China at the end
of 2019 (COVID-19), then spread worldwide and was considered a global pandemic [1-3]. The
virus is related to "SARS-CoV" family in terms of genome homology and stands at seventh
member in the order of Nidovirales, Orthocoronavirinae subfamily, and Coronaviridae family
[4,5] known to cause infection in humans. It was considered to cause upper respiratory tract
and gastrointestinal symptoms. Before SARS-CoV-2 (COVID-19), six species included
"HCoV-NL63", “HCoV-HKU1”, “HCoV-OC43”, “HCoV-229E”, “SARS-CoV”, and
“MERS-CoV” of the Coronaviridae family has been reported previously to cause human
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infections [6-8]. Excluding MERS-CoV and SARS-CoV, which have the potency to cause
respiratory illness, the other species are endemic strains and associated with common cold
syndromes. SARS-CoV-2 (COVID-19) has the largest RNA genome (22—-32 kb in length),
single-stranded and positive sense. The RNA genome of the virus forms complexes with the
nucleocapsid (N) protein to form a helical capsid structure. It has eleven genes encoded as
ORF5 (Membrane protein), ORF4 (Envelope protein), ORF2 (Spike protein), ORF9
(Nucleocapsid protein), ORF6, ORF7b, ORF8, ORFlab, ORF3a, ORF7a, and ORF10 [9,10].
Till now, the World Health Organization (WHOQO) has reported over 208,653,614 positive cases
and 4,383,333 deaths. Recently, many vaccines and antiviral therapies have become available,
and various researches are ongoing for more effective vaccines and antiviral treatments.
Targeting the COVID-19 main protease (key enzyme: 3CLpro) is growing in importance in the
anti-SARS-CoV-2 drug discovery process [11-14]. Consequently, it is adequate here to note
that nitrogenous heterocyclic compounds exhibited excellent antiviral activities[15,16]. For
instance, Taribavirin and Ribavirin named as 1-D-ribofuranosyl-1,2 4-triazole-3-
carboxamidine and 1-((2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl) tetrahydrofuran2yl)-
1H-1,2,4-triazole3carboxamide also known as nucleosides based 1,2,4-triazole moiety
[17,18]. They are considered to be the most effective antiviral drugs widely used. In addition,
they have been systematically applied against respiratory symptoms, human immunodeficiency
virus (HIV-1), herpes simplex virus (HSV), hepatitis C virus, and influenza virus [18-20].
However, due to their high cytotoxicity, their traditional clinical uses became limited. Hence,
recent efforts have been reported to develop the standard core by replacing the 1,2,4-triazole
moiety with another nitrogen heterocyclic ring to develop some novel ribavirin analogs [21].
For instance, new 1,2,3-triazole based ribavirin analogs have been investigated [18,22—-25]
(Figure 1), which were established to be more effective than ribavirin as antiviral agents.
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Figure 1. Designing of ribavirin-based nucleoside analogs.
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In addition, 1,3,4-thiadiazole frameworks have been reported for their antiviral
properties [26-28]. Many antiviral drugs were documented to append the 1,3,4-thiadiazole in
their structures (Figure 2).
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Figure 2. Chemical structure of antiviral drugs containing 1,3,4-thiadiazole moiety.

In continuation of our work, we investigate novel heterocyclic compounds that could
be used as active ingredients in the synthesis of novel drug analogs [29-40]. Herein, we reported
the design and synthesis of new series of 1,3,4-thiadiazole-1,2,3-triazole hybrids. In addition,
a structure-based in silico virtual screening of the newly prepared molecules was carried out
against COVID-19 main protease, both to detect their mode of action and to identify novel
inhibitors against Coronavirus disease.

2. Materials and Methods
2.1. Chemistry.

2.1.1. Experimental Instrumentation.

All melting points were determined on an electrothermal apparatus and are uncorrected.
IR spectra were recorded (KBr discs) on a Shimadzu FT-IR 8201 PC spectrophotometer. *H-
NMR and 2*C-NMR spectra were recorded in (CD3)2SO solutions on a BRUKER500 FT-NMR
system spectrometer, and chemical shifts are expressed in ppm units using TMS as an internal
reference. Mass spectra were recorded on a GC-MS QP1000 EX Shimadzu. Elemental analyses
were carried out at the Microanalytical Center of Cairo University.

2.1.2. 1-(5-methyl-1-(5-(methylthio)-1,3,4-thiadiazol-2-yl)-1H-1,2,3-triazol-4-yl) ethan-1-one
)

A mixture of 2-azido-5-(methylthio)-1,3,4-thiadiazole (1.7 g, 10 mmol) and Acetyl
acetone (2 mL, 20 mmol) were stirred under reflux in ethanol containing sodium methoxide
(0.5 g, 10 mmol) for 5 h; the resulting solid that formed after cooling was collected and
recrystallized from ethanol to give yellow crystals, m.p. 222224 °C; yield (95%); FT-IR (KB,
cm 1):v 2919, 2852 (CH), 1701(C=0), 1617 (C=N); 1576(C=C);'H-NMR (500 MHz, DMSO-
d6): J 2.41 (s, 3H, CHs), 2.42 (s, 3H, CHa), 2.53 (s, 3H, CH3);**C-NMR (100 MHz, DMSO-
d6): 8 9.52, 16.69, 27.42, 133.10, 138.18, 161.41, 162.98, 193.73; MS: M/z [%]: 255 (M*, 21),
240 (32), 224 (18), 209 (13), 177 (100), 165 (18), 77 (91), 65 (15). Anal. Calcd. for CsHoNs0S>
(255): C, 37.64; H, 3.55; N, 27.43% found: C, 37.59; H, 3.47; N, 27.39%.
https://biointerfaceresearch.com/ 8260
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2.1.3. Methyl 2-(1-(5-methyl-1-(5-(methylthio)-1,3,4-thiadiazol-2-yl)-1H-1,2,3-triazol-4-yl)
ethylidene) hydrazine-1-carbodithioate (3)

To asolution of 1-(5-methyl-1-(5-(methylthio)-1,3,4-thiadiazol-2-yl)-1H-1,2,3-triazol-
4-yl) ethan-1-one (2) (10 mmol) in 2-propanol (20 mL), methyl hydrazinecarbodithioate 2 (1.22
g, 10 mmol) was added. The mixture was stirred at room temperature for 2 h. The solid product
was filtered off, recrystallized from Acetic acid to afford 3. Yellow solid (82%); mp 182-184
°C, IR (KBr, cm™): v 3419 (NH), 2925 (C-H), 1627 (C=N); *H-NMR (DMSO-d6): § 2.43 (s,
3H, CHa), 2.46 (s, 3H, CHa), 2.51(3H, CHs), 2.53 (s, 3H, CHs), 8.40( 1H, NH);**C-NMR (100
MHz, DMSO-d6): 6 10.10, 10.90, 16.51, 18.72, 27.42, 133.10, 138.18, 145.60, 160.1, 162.75,
197.80; MS m/z (%): 360 (M+1, 14), 344 (12), 265 (21), 223 (12), 160 (12), 128 (15), 77(100).
Anal. Calcd. for C10H13N7S4 (359): C, 33.41; H, 3.65; N, 27.27. Found: C, 33.47; H, 3.58; N,
27.22%.

2.1.4. General procedures for synthesizing compounds (6) and (7).

To a mixture of methyl carbodithioate 3 (0.359 g, 1 mmol) and the appropriate
hydrazonoyl halide (1 mmol) in ethanol (20 mL), triethylamine (0.5 mL) was added, the
mixture was stirred at room temperature for 2-4 h (monitored with TLC). The resulting solid
was collected and recrystallized from the proper solvent to give the corresponding 1,3,4-
thiadiazolines 6,7. Products 6 and 7, together with their physical constants, are listed below.

2.14.1.  1-(4-(4-chlorophenyl)-5-(1-(5-methyl-1-(5-(methylthio)-1,3,4-thiadiazol-2-yl)-1H-
1,2,3-triazol-4-yl) ethylidene) hydrazono)-4,5-dihydro-1,3,4-thiadiazol-2-yl) ethan-1-one (6).

Yellow crystals (71%); mp. 200-202°C, IR (KBr, cm™): v 2917 (C-H), 1690 (C=0),
1622 (C=N), 1598 (C=C); *H-NMR (DMSO0-d6): § 2.42 (s, 3H, CH3), 2.45 (s, 3H, CHj3), 2.53
(3H, CH3), 2.72 (s, 3H, CHa), 7.26-7.31(m, 4H, Ar-H);**C-NMR (100 MHz, DMSO-d6): 6
10.10, 16.51, 20.51, 24.30, 121.50, 129.41, 133.12, 138.20, 148.63, 158.30, 160.1, 162.75,
164.20, 195.00; MS m/z (%): 507 (M+2, 11), 505(M*, 14), 490(5), 414(21), 370 (15), 290 (27),
177 (12), 150(23), 56(100). Anal. Calcd. for C1sH16CINgOS3 (505): C, 42.73; H, 3.19; N, 24.91.
Found: C, 42.81; H, 3.15; N, 24.89 %.

2.1.4.2. Ethyl 4-(4-chlorophenyl)-5-(1-(5-methyl-1-(5-(methylthio)-1,3,4-thiadiazol-2-yl)-1H-
1,2,3-triazol-4-yl) ethylidene) hydrazono)-4,5-dihydro-1,3,4-thiadiazole-2-carboxylate (7).

Yellow crystals (65%); mp 173-175°C, IR (KBr, cm™): v 2925 (C-H), 1725 (C=0),
1612 (C=N), 1600(C=C); *H-NMR (DMSO0-d6): 6 1.22(t, 3H, CH3), 2.45 (s, 3H, CHs), 2.52
(s, 3H, CHj3), 2.61(3H, CHs), 4.15(q, 2H, CHy), 7.14-7.35(m, 4H, Ar-H);**C-NMR (100 MHz,
DMSO0-d6): 010.1, 13.28, 16.25, 20.23, 60.17, 121.02, 127.80, 128.9, 133.70, 138.14, 148.5,
158.9, 160.1, 161.70, 162.3, ; MS m/z (%):535(M*, 10), 520(15), 490(26), 397 (17), 278( 10),
218(24), 177 (12), 165 (32), 56(100). Anal. Calcd. for C19H18CINgO.S3 (535): C, 42.57; H,
3.38; N, 23.52. Found: C, 42.53; H, 3.36; N, 23.48%.

2.2. Computational approach.

The newly synthesized molecules were generated in cdx format (2D structures) then
were converted to sdf files (3D structures) by using the Open Babel 2.4.1 tool [51] and were
further used for molecular docking study. The crystal structure of COVID-19 main protease
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(PDB ID: 6LU7) [41] was obtained from the RSCB PDB (https://www.rscb.org). The grid box
was then allocated around the active site cavity with dimensions 25Ax 25Ax 25A to perform
the screening. Docking simulation was performed to identify the binding mode of interactions
of the synthesized molecules against the active site region of COVID-19 main protease.

The compounds were screened using PyRx- virtual screening tool [52]. The Accelrys
discovery studio 3.5 was used to visualize 2D and 3D representations of intermolecular
interactions between the synthesized compounds and coronavirus main protease.

In addition, the ADMET properties (Absorption, distribution, metabolic, excretion, and
Toxicity) and drug-likeness of the compounds were identified using various tools such as
admetSAR, Mol inspiration, and SwissSADME webservers.

3. Results and Discussion

3.1. Chemistry.

2-azido-5-(methylthio)-1,3,4-thiadiazole (1) was submitted to react with acetylacetone
in ethanol in the presence of sodium methoxide under reflux to afford the corresponding target
compound 1-(5-methyl-1-(5-(methylthio)-1,3,4-thiadiazol-2-yl)-1H-1,2,3-triazol-4-yl)ethan-
1-one (2) (Scheme 1).

o)
A D N M "
EtOH/NaOMe )|\ N\
—N
S N
s 2

Reflux 5 hrs HsC_

Scheme 1. Synthesis of compound 2.

Condensation of 2 with methyl hydrazinecarbodithioate at room temperature afforded
the target compound 3 (Scheme 2). Structure of methyl 2-(1-(5-methyl-1-(5-(methylthio)-
1,3,4-thiadiazol-2-yl)-1H-1,2,3-triazol-4-yl) ethylidene) hydrazine-1-carbodithioate 3 was
inferred from spectral data (IR, Mass, *H-NMR) and microanalytical data, its IR spectrum
revealed the presence of the significant band for NH at v 3152 group and devoid any bands for
carbonyl group. Also, its *H-NMR spectra revealed a singlet signal at 6 = 8.40 ppm for NH. Its
structure was confirmed by its mass spectrum, which agrees with the molecular formula (see
Experimental part).
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Scheme 2. Synthesis of compound 3.

The chemical structure of thiadiazole-triazole hybrid molecule 3 was also supported via
chemical transformation. It was reacted with two selected derivatives of hydrazonoyl halides
4, 5 in the presence of 2-3 drops of TEA to give product hybrid molecules 6 and 7 (Scheme 3).
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Scheme 3. Synthesis of thiadiazole derivatives 6 and 7.
3.2. In silico docking study.

The main coronavirus protease plays an essential role in propagating the 2019 Novel
Coronavirus [41]. So far, it can be used as a potential therapeutic target for Coronavirus
treatment. Herein, in the present study, the in silico molecular docking simulations [34,42-48]
were performed for the thiadiazole-triazole hybrid analogs with the COVID-19 main protease,
both to detect their mode of action and to identify novel drug candidates. The docking
simulations were performed by launching the PyRx- virtual screening software to compute the
binding energy score (kcal/mol). Nine conformers were obtained for each complex, and the
lowest energy one was selected to identify the preferred binding pattern of the docked
compound [49].

Analogs 2, 3, 6, and 7 exhibited good docking scores to COVID-19 main protease, in
the range of -8.3 to -6.2 kcal/mol as given in Table 1. The compound 2 was docked with the
target protease with binding energy -6.3 kcal/mol, and exhibited two hydrogen bonds with the
active pocket via two amino acid residues, namely GLY143 and SER144, at the distances of
2.94 and 2.95 A, respectively. Compound 3 showed a hydrogen bond with GLY143 at 2.94 A.
Compound 6 exhibited two types of interactions like H-bond, and n-cation interactions with
LYS5, THR199, and ARG131 at 2.87, 2.93, 2.94, and 5.66 A, respectively. Finally, compound
7 showed four hydrogen bond interactions with the residues TYR54, GLN189, HIS164, and
LEU167 at the distances of 2.98, 2.16, 2.48, and 1.76 A, respectively. Figure 1 showed 2D and
3D representations of the intermolecular interactions between the molecules and the active site
of the target. The docked amino acid residues of the target enzyme are represented in the rose
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stick model, and the synthesized compounds are shown in the grey stick model. The hydrogen
bond interactions are represented in dotted lines, and all n-interactions are declared in orange
lines, as shown in Figure 1.

Furthermore, the ADMET results showed interesting values for the compounds (Table
2), whereas all the synthesized thiadiazole-triazole hybrid compounds have molecular weights
in the expected range of 130-500 g/mol, except compounds 6 and 7. In addition, they have
better Human Intestinal Absorption (% ABS) score in the range of 81.8-97.4 %, which verified
that they could be better absorbed by the human intestine. The TPSA (topological surface areas)
were found to be in the favorable range (<140). Further, nON (H-bond acceptors) and nOHNH
(H-bond donors) comply with Lipinski's rule of five [50] and were found to be in the acceptable
range. The rotatable bonds in the compounds are at the limits. Finally, all the compounds
displayed negative AMES toxicity and carcinogenicity tests, as represented in Table 2.
According to Lipinski's rule of five, which states that a molecule is violating more than one, it
is less likely to be a drug. Therefore, from the results obtained in Table 2, we can conclude that
all the molecules can be used as promising drug candidates to combat the COVID-19 after
clinical trials.

Table 1. The binding energies (kcal/mol) of compounds against the crystal structure of Coronavirus main

protease.
2D Structure Binding Docked complex Distance
energy (amino acid —ligand) A)
(kcal/mol) | interactions
2 HaC o H-bonds
3 6.3 GLY143: N---Compound 2 | 2.94
N/N\ =~ CH, SER144:0G---Compound 2 | 2.95
| N
\
C\s)\s NN
3 _S S H-bonds
HyC 6.2 TYR239:0H ---Compound 3 | 2.95
NH
H;C N‘/
N
N—
/L %NMCH
\N¢N
6 HsCOC H-bonds
-8.3 LY S5:NZ ---Compound 6 2.87

THR199:0G1---Compound 6 2.93

Y THR199:0G1---Compound 6 2.94
m-cation interactions
ARG131:NH1--Compound 6 5.66

o

7 EtOOC H-bonds
-8.0 TYR54:0H---Compound 7 2.98

GLN189:0E1---Compound 7 2.16
Y HIS164:0---Compound 7 2.48
LEU167:0---Compound 7 1.76

\

The 2D structures of docked molecules with the best binding affinity are represented
along with the intermolecular interactions H-bonds and n-stacking.
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Figure 3. The intermolecular interactions of compounds 2, 3, 6, and 7 with the active site pockets of COVID-19
main protease. Left side (3D representation): the docked residues of the target are shown in the rose stick model,
and compounds are in the grey stick model. The hydrogen bonds are in black dotted lines, and all n-interactions
are in orange. Right side (2D representation): the docked residues are in the rose stick model, and the
compounds are shown in grey color. The hydrogen bonds are blue and green, and all w-interactions are declared
in orange lines.

4. Conclusions

In this study, the coronavirus main protease has been examined as a potential target for
preventing the spread of infection by inhibiting viral polyprotein cleavage by blocking the
binding site cavities of the protein using thiadiazole-triazole hybrids. The newly synthesized
compounds displayed good docking scores to COVID-19 main protease, in the range of -8.3 to
-6.2 kcal/mol. In addition, all compounds obeyed Lipinski's rule of five. Hence, the newly
prepared thiadiazole-triazole hybrid analogs could be considered as potential drug candidates
against Coronavirus.
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Table 2. ADMET properties of the newly synthesized compounds 1, 2, 3, and 4.

MW % ABS log | TPSA | nON | NnOHNH | N N Volume | Gl Bioavailability | BBB AMES | Carcinogenicity

(g/mol) p A2 rotatable | violations | A® absorption | score permeant | toxicity
Reference | 130-500 <25 poor | <5 <140 2-20 | 0-6 <10 <5 500- Non Non-
range >80 high 2000 toxic carcinogenic
2 97.4 135 | 7357 6 0 3 0 201.70 High No Non Non-

255.32 0.55 toxic carcinogenic
3 81.8 251 | 8089 |7 1 6 0 264.37 Low No Non Non-

345.50 0.55 toxic carcinogenic
6 97.2 448 | 116.13 | 10 0 6 1 393.06 Low No Non Non-

506.03 0.55 toxic carcinogenic
7 97.4 479 | 12536 | 11 0 8 1 418.84 Low No Non Non-

536.06 0.17 toxic carcinogenic

MW, Molecular Weight; BBB*, Blood-Brain Barrier; %ABS, Human Intestinal Absorption; logp, the logarithm of partition coefficient between n-octanol and water; TPSA,
topological polar surface area; nON, number of hydrogen bond acceptors; nOHNH, number of hydrogen bond donors; Nrotatable, number of rotatable bonds.
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