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INTRODUCTION

Novel coronavirus-19 (SARS-CoV-2), epidemic responsible
COVID-19 disease was first reported in Wuhan city, Hubei
province, China in December-2019. Then onwards, many
countries all over the world have been affected by this and
making it pandemic disease across various continents. Based
on the etiological data, human coronavirus epidemics severe
acute respiratory syndrome (SARS) and the Middle East respi-
ratory syndrome (MERS), predominantly disturbs the respir-
atory system and causes acute inflammation [1,2].

Inflammation is the prominent responses of the body to
tissue damage or microbial attack [3]. Inflammation is the
sudden reaction of the tissues and cells against detrimental
effects carried by pathogens or provocative effects of toxic
chemical substances or physical injuries. The treatment of
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Thiazoles are notable five-membered heterocyclic rings and their moieties can be found in several biologically active compounds of |
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inflammation is overcome by the class of medicines named
non-steroidal anti-inflammatory drugs [4]. Non-steroidal anti-
inflammatory drugs (NSAIDs) are the most often used anti-
inflammatory drug and they show anti-inflammatory action
by preventing the production of prostaglandin which is a
powerful mediator of inflammation [5]. These inflammatory
reactions are directly or indirectly related to the changes in the
production of leukotrienes and prostaglandins in the arachi-
donic acid pathway [6]. At present NSAIDS are essential in
the treatment of various inflammations and have serious side
effects causing gastrointestinal destruction, hemorrhage, ulcer-
ation and their related sequelae [7]. The key cyclooxygenase
enzyme exists in two isoforms, in particular, the constitutive
structure COX-1 and the inducible form COX-2. The COX-1
is available in most tissues and COX-2 is expressed during
inflammation. Traditionally, NSAIDs that hinder both cyclo-
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oxygenase enzymes may cause gastrointestinal side effects
and selective COX-2 inhibitors, for example, coxibs have been
accounted to cause significant cardiovascular side effects. To
overcome the above said problems, it is necessary to develop
a novel compound with improved drug profiles [5].

There is significant progress in the research on hetero-
cyclic ring systems and efforts are continuously done to identify
their potential bioactivities. The five-membered heterocycles,
for example, imidazole, oxazole, thiazole and thiadiazole possess
biological activities and the thiazole containing compounds
offers a wide scope of applications as pharmaceutical agents
[8,9]. Thiazole and its related nucleus are the most significant
potential entities in the chemical world of heterocyclic comp-
ounds and exhibit remarkable pharmacological activities and
is essential structural motif present in a wide range of natural
products like vitamin B, [10,11]. Thiazole ring also occurs in
microbial and marine sources viz. alkaloids, epothilone, pep-
tides and chlorophyll. According to the literature, the thiazoles
have moderately low toxicity to vertebrates and are easily meta-
bolized in our digestive system and are non-cancerous in nature
[12]. In addition to this, the thiazole-containing compounds
have shown various biological activities like antioxidant [13],
analgesic [14], antibacterial [15], anticancer [16], antiallergic
[17], anti-hypertensive [18], anti-inflammatory [19], anti-
malarial [20], antifungal [21] and anti-psychotic [22]. Thiazole
subordinates also show a wide range of possible pharmaco-
logical activities and have wide clinical applications [23]. The
advancements in the research pertaining to medical sciences
over the past years has enabled rapid improvement in the
detection, analysis and treatment of infectious diseases. This
has resulted in the better health status of human beings with
fewer side effects [24].

Antiviral drug research in the past primarily focused on
the development of nucleoside analogues and in recent year’s
the nonnucleoside analogues have created interest as antiviral
drugs. Among the nonnucleoside analogues, some novel thiazole
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compounds have been reported to have high antiviral activity
[25]. The thiazole platform is present in more than 18 FDA-
approved drugs like sulfathiazole, ritonavir, dasatinib, tiazofurin,
cinalukast and others (Fig. 1) [9]. Viral diseases causes self-
limiting to the more serious complications and the chances of
life threatening complications are more in case of SARS,
MERS-CoV, hepatitis infections (HAB and HAC) and AIDS
[26-29]. Developing novel selective antiviral agents is a
difficult and intransigent aspect for many researchers as the
replicative cycle of viruses is in interwined with normal cell
metabolism [30]. Antiviral drug medication has significantly
reduced the spread of epidemics, but their continuous usage
has led in the emergence of drug resistant mutants over a period
of time [31-33]. Several antiviral drugs have low oral bioavail-
ability, show adverse side effects and are too expensive [34-36].
Hence, there is important necessity to develop safe and effec-
tive nonnucleoside antiviral agents.

SARS CoV-2 acute pulmonary inflammation pathway:
The SARS-CoV-2 invades through a key entry point via the
respiratory tract epithelium into the human host (Fig. 2) [37,38].
The mucosal secretions of the epithelium act as first line barrier
by producing mucosal secretions, which prevents the tissue
damage by nasal mucociliary clearance (NMC). After the
inhalation, SARS-CoV-2 particles infect various epithelial cell
types on airway passage of distal lungs by attaching to the
nasal mucosal line and binding the viral S (spike) protein to
the ACE2 (angiotensin-converting enzyme-2) receptor. In the
next step, the S protein is cleaved by TMPRSS2 (transmembrane
serine protease 2). The type I trans membrane ACE2 protein
consisting of metallocarboxypeptidase the angiotensin 2 to
metabolites, most of these metabolites vasodilatory properties
or restrict the renin-angiotensin-aldosterone arrangement.

After entering the host cell, the virus releases the pieces
of nucleocapsid and the viral genome. Then the host ribosome
translate the open reading frame (ORF) of the viral genome la/b
into two subunits of polyproteins viz. ppla and pplab encoded
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Fig. 1. Thiazole skeleton containing FDA-approved drugs
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Fig. 2. SARS-CoV-2 acute inflammation pathway and cause severe lung infection

with 16 nsps. In addition to this, the ORFs encode structural
and accessory proteins, (chymotrypsin-like protease) 3CLpro
and nsp5 proteases involved in the cleavage of the polyproteins
and the papain-like protease (PLpro, nsp3), involved in the
replication-transcription complex (RTC). The complex trans-
cribes an endogenous genome template of viral entry to negative
sense genes of both the progeny genome and subs genomic
RNA as intermediate products and is followed by transcription
to positive-sense mRNAs that are mainly mediated by RNA-
dependent RNA polymerase (RARP). The subgenomic proteins
become translated into structural and accessories proteins such
as M, S and E proteins, which subsequently are insulated in
the endoplasmic reticulum and then moved to the endoplasmic
reticulum-Golgi intermediate compartment (ERGIC). Mean-
while, the previously replicated genome program can directly
join the N protein to the nucleocapsid to form and move into
the ERGIC. In this compartment, nucleocapsid will meet with
several other structural proteins and form small wallet vesicles
to be exported out of the cell through exocytosis [39-42].
The changed structure in the ACE-2 results in the risk of
acute respiratory distress syndrome (ARDS) or developing
Covid-19. Recent in vitro study strongly indicates that the
ciliated epithelium airway assisted the main site for viral
infection. After invasion and replication SARS-CoV-2 triggers
an immune and inflammatory response, showing clinical signs
and symptoms of COVID-19 [43]. Epithelial cells may express
inflammatory mediators viz. CXCL10 (C-X-C motif chemo-
kine 10) and interferon’s [44,45] and the current data indicates
that small airway ACE2 expression is strongly linked in smokers
and people suffering from the chronic obstructive pulmonary
disease (COPD). On other hand, deficiency of ACE2 in aged
people or people suffering from diabetes, or heart diseases are
more vulnerable to over-reactive ACE-angiotensin 2-angiotensin

1 receptor and are noticeable in increased inflammation and
thrombosis [46].

The normal antiviral immune response needs activation
of inflammatory pathways in the immune system. The abnormal
or embellished responses of the host’s immune system cause
server disease [47]. Cytokines play a key role in the inflam-
matory process and it is produced by numerous immune cells
together with natural killer cells, macrophages, dendritic cells
and the adaptive T and B lymphocytes. At the time of an innate
immune response to an inflectional virus, the pattern recog-
nition receptor (PRRs) recognizes various molecular structures
of invading viruses. The molecular structure is also known as
pathogen-associated molecular patterns (PAMPs). The PAMPs
binds to PRRs and triggers the inflammatory process against
invading virus. Following that signaling pathways and trans-
cription factors that drive gene expression for the release of
numerous factors involved in the host’s immune system, parti-
cularly genes encoding pro-inflammatory cytokines are activated
[48]. The most important transcription factors activated by PRRs
include nuclear factors Kb, activation protein 1, interferon’s
response factors 3 and 7. These TFI induce the gene expression
encoding inflammatory cytokines, chemokine’s and molecule
adhesion. In this scenario, leukocytes and plasma proteins are
staffing to a specific site triggering infection. IL-1, TNF-o and
IL-6 are the most important pro-inflammatory cytokines in an
innate immune response. The macrophages tissue, endothelial
and epithelial cells are responsible for cytokines released during
inflammation. The cytokine storm is evidenced in an increased
flow of different pro-inflammatory cytokines viz. IL-6, IL-1,
TNF-a and interferons. The increase of cytokines causes an
influx of different immune cells such as macrophages, T cells
and neutrophils into the site of infection with negative effects
on human tissue causing the destabilization of endothelium
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cell to cell interaction, vascular barriers damage, diffuse alveolar,
capillary, multi-organ failure and finally death. Pulmonary
injury is one of the significances of the cytokine storm and
progression lead to lung injury or severe acute respiratory
distress syndrome (ARDS). The main cause of mortality in
Covid-19 is ARDS, which causes a decrease in oxygen satu-
ration [49-51].

The entry of SARS-CoV-2 via alveolar epithelium, mainly
depends on the ACE2 enzyme expression (angiotensin converting
enzyme-2) and TMPRSS?2 (transmembrane serine protease 2).
Initially, SARS-CoV-2 binds to ACE2 alveolar type II (AT2)
cells by the use of 4 structural proteins and spike protein (glyco-
protein S) and initiating the union of virus to host cell membranes.
In next steps, ACE2 is cleaved by TMPRSS?2 and stimulating
clearance of cell surface and convert the viral glycoprotein S
into S, and S; and release of viral genome to the cytoplasm.
Both viral genome and other accessories of the SARS-CoV-2
are replicated and synthesized in endoplasmic reticulum (ER).
The ER-Golgi intermediate assembles the viral components
and is moved to the plasma membrane for exo-cytosis. SARS-
CoV-2 initiates to cause induced alveolar type II (AT2) malfun-
ction or sever injury to lung is due to, decline of surfactant
release, failure in AT2 precursors for replacement of mismatched
alveolar type 1(AT1) cell, down regulation of ACE2, Viral-
induced cytokine release by AT1/AT?2 cells results in capillary
leak and alveolar interstitial immune cell infiltration.

COX-originates eicosanoids and its response to
infection: Eicosanoids are lipid intermediates of arachidonic
acid which play important fragments in the host reaction to
infection. The cyclooxygenase (COX) compounds catalyze the
initial phase in the biosynthesis of prostaglandins from arachi-
donic acid, have explicitly been involved as being significant
in have a response to infections and the capacity of COX subst-
ances to modulate inflammation and immune reactions are
very much archived. The effect of COX-1 and COX-2 in the
host response to infections are discussed here with Influenza
viral infection as example. The studies done with influenza
virus have shown that the parts of COX-1 and COX-2 are there
in influenza viral disease to the parts of COX-1 and COX-2 in
influenza viral disease. The host reactions are important in
deciding the morbidity and mortality following influenza infec-
tion and COX enzymes have significant impact on inflammation
and host responses. It is attractive to have comprehensive analysis
of the impact of COX compounds in the host reactions in viral
diseases or Influenza disease. The modifying is possible immune
responses in the COX pathway and is a major target of non-
steroidal anti-inflammatory (NSAI) drugs. The research data
indicates that the group of influenza A viruses causes more
severe illness in mice which lacks COX-1 and less severe illness
in mice which lacks of COX-1. It was also observed that
mortality was considerably reduced in COX-2 deficient mice.
COX-1 deficient mice had enhanced inflammation and an earlier
appearance of pro-inflammatory cytokines, whereas the COX-2-
deficient mice exhibited blunted inflammatory and cytokine
responses along with increased viral titers. Thus, a deficiency
of COX-1 and COX-2 leads to contrasting effects in the host
response to influenza infection. COX-1 deficiency is detrimental,

whereas COX-2 deficiency is beneficial to the host during
influenza viral infection.

Cyclooxygenases (COX1 and COX2): Cyclooxygenase
(COX) has been purified in 1976 and further developed as a
clone in 1988 as the key enzyme in the synthesis of prostaglan-
dins (PGs) in arachidonic acid cascade. Several scientists
recognized the second gene with COX activity in 1991 and
named as COX-2. The two isoforms of COX are practically
indistinguishable and yet have significant contrasts in substrate
and inhibitor selectivity and their intracellular areas. Protective
PGs, which preserve the integrity of the stomach lining and
maintain normal renal function in a compromised kidney, are
synthesized by COX-1. The induction of COX-2 occurs in
inflammatory lesions and is constitutively in the brain and
spinal cord, where it may be involved in nerve transmission,
particularly for pain and fever. COX-2 produce prostaglandins
and are also important in ovulation and birth interaction. The
discovery of COX-2 has revealed the way medication may be
developed to reduce the pain without removing the prostagl-
andins produced by COX-1 in the stomach and kidney. These
specific COX-2 inhibitors not only functions as anti-inflam-
matory substances and are dynamic against colon malignancy
and Alzheimer’s illness.

Mechanism of cyclooxygenase reaction: The first step
in the conversion of arachidonic acid (AA) to the hydroperoxy
endoperoxide (PGG2), is an abstraction of the pro-S hydrogen
atom form carbon-13. The steps that follow (Fig. 3) are consis-
tent with the mechanism of non-enzymatic lipid peroxidation,
so the main contributions of COX to PGG2 formation are to
restrict the options for hydrogen abstraction and dictate reaction
stereochemistry. Cyclooxygenase catalysis requires that the
enzyme first be activated, a process dependent on the peroxidase
activity. Two-electron reduction of a peroxide substrate results
in the oxidation of the ferric heme to an oxo-ferryl porphyrin
radical cation. Transfer of an electron to heme from Tyr-385
of the protein generates a tyrosyl radical in the cyclooxygenase
active site. This radical, as noted above, is positioned perfectly
to abstract the pro-S hydrogen from carbon-13 of AA, initiating
the cyclooxygenase reaction. The final step of the reaction,
reduction of the peroxyl radical to the hydroperoxide to form
PGG2, regenerates the tyrosyl radical. Thus, activated COX
can carry out multiple turnovers without the need to repeat
the activation step. After initiating the cyclooxygenase reaction,
the primary function of the peroxidase is to reduce 15-hydro-
peroxy of PGG2 to the corresponding alcohol of PGH2 [52-55].
The enzyme lipoxygenase (5-LO or A LOX-5) transforms arachi-
donic acid to 5-hydroperoxyeicosatetraenoic acid (5-HPETE),
which may be released and swiftly reduced to 5-hydroxyeico-
satetraenoic acid (5-HETE) by ubiquitous cellular glutathione
dependent peroxidases. Alternatively, A LOX-5 converts
5-HPETE to leukotriene A4 (LTA4) via its LTA synthase activity.
LTA4 is then converted to LTB4 by Leukotriene A4 hydrolase
or leukotriene C4 (LTC4) by LTC4 synthase or microsomal
glutathione S-transferase 2 (MGST?2). Either of the latter two
enzymes act to attach the sulfur of cysteine’s thio-(i.e. SH)
group in the tripeptide glutamate-cysteine-glycine to carbon
6 of LTA4 thereby resulting LTC4. After release from its parent
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Fig. 3. Mode of prostanoid synthesis from arachidonic acid and the association of COX-2 in particular inflammation development. Arachidonic
acid is released from membrane phospholipid by phospholipase A2. COX-1 or COX-2 modifies arachidonic acid to prostaglandin
(PG) G2 followed by conversion to PGH2 into other PG isoforms or thromboxane (TX) A2. Among them, PGE2 is the major
prostanoid and shows variability of biologic activities via its EP1-4 receptors coupled with G-protein-receptors

cell, the glutamate and glycine residues of LTC4 are eliminated
stepwise by gamma-glutamyltransferase and a dipeptidase to
form sequentially LTD4 and LTE4 [56].

Thiazole derivatives as potent anti-inflammatory agent:
Thiazole is an important hetero-functional derivative used in
most of the synthetic and medicinal compounds [9,19]. The
thiazole derivatives act as core functional in many non-steroidal
anti-inflammatory drugs like meloxicam and fanetinole, which
are already in the market to treat inflammation. In this article,
we discussed about thiazole derivatives, which acts as anti-
inflammatory candidates and also to combat SARS-CoV-2
inflammation and inhibition of SARS-CoV-2 proteins.

Selective COX inhibitors: Initially, phenol (1) reacts with
ester in presence of potassium carbonate and dry acetone to
give ethyl 2-phenoxy acetate (2); compound 2 treated with
NaOH in ethanol to give 2-phenoxy acetic acid (3); compound
3 reacts with amines substituted thiazole in presence of dichloro-
methane and TBTU as coupling specialist to give thiazole
subsidiaries [THI-1]. One of the main biological activities of

thiazole derivatives is their ability to act as anti-inflammatory
agents. Several synthetic modifications with electron with-
drawing/donating groups, biphenyl based or other substituents,
have been reported to affect the anti-inflammation activities
of thiazole derivatives. The ortho-difluoro group of THI-1a
and methyl group of THI-1b at different positions of benzoyl
ring increases the activity. The activity data revealed that the
compounds THI-1a and THI-1b showed a significant COX-2
inhibitory activity [57]. Phenacyl bromide, thiosemicarbazide
and ethyl acetoacetate (4) were taken in acetic acid, warmed
at 60-80 °C for around 2-3 h. The reaction mixture was cooled
to room temperature, following which, sodium acetate and
heteroaldehyde were added and warmed at 80-85 °C for around
2 h. The obtained thiazole derivative [THI-2] was cooled, sepa-
rated, washed with water and recrystallized from acetic acid.
Thiazole-bearing pyrazole [THI-2a] as a potential pharma-
cophore was synthesized and assessed for its anti-inflammatory
activity. The structure-activity relationship revealed that the
introduction of electron-donating 4-OMe of phenyl substituent
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on pyrazole nucleus might have increased the COX-2 inhibition
potential, whereas introduction of electron-withdrawing CI of
phenyl substituent on thiazide nucleus might be the underlying
cause in arresting COX-2 activity (Fig. 4) [58]. Thiobenzamide
(5) reacts with bromo-pyruvate in ethanol resulting in ethyl-
2-phenylthiozole-4-carboxylate (6). Compound 6 responds to
hydrazine hydrate to provide 2-phenylthiazole-4-carboxy
hydrazide (7). The acid hydrazide (7) formed when reacts with
ethyl(ethoxymethylene)cyanoacetate in ethanol, to form the
corresponding 5-amino-4-ethyl ester thiazole derivative [THI-
3]. A series of substituted thiazide derivatives were synthesized
to obtain a compound with potent anti-inflammatory activity.
Pyrazole at 4™ position of thiazide exhibited more prominent
and consistent activity by inhibiting COX-2 enzyme with
60.31% inhibitory activity, than the standard drug diclofenac
[59]. At first, 3-cyanopyridine (8) converted over to pyridine-
3-carbothiamide (9) by treating with phosphorous pentasulphide
(P4S10), compound 9 upon refluxing with ethyl-2-chloroaceto-
acetate formed ethyl-5-methyl-2-(pyridine-3-yl)thiazole-4-
carboxylate (10). The subsequent ester was treated with hydrazine
hydrate to yield 5-methyl-2-(pyridine-3-yl)thiazole-4-carbohy-
drazide (11). Further, compound 11 was condensed with an aromatic
aldehyde to synthesize the target compound [THI-4]. The synthe-
sized compound is thiazole-based hydrazide having the highest
inhibition. The structure-activity relationship study of the active
compounds was deduced based on the ICs, value; it reveals that
the presence of the hydroxy and methoxy group is responsible
for the enhanced COX inhibition. The presence of hydroxyl
substituent on the 4th position and the methoxy substituent on
the 3rd position of [THI-4a] enhanced the anti-inflammatory
activity (Fig. 5) [60].

4-Acetoxy benzoyl chloride (12) was dissolved in dry
tetrahydrofuran and the obtained solution was poured to a
stirred suspension of thiosemicarbazide in dry tetrahydrofuran.
Then, the mixture was stirred at room temperature for 24 h to
give 4-(2-carbamothioylhydrazine- 1-carbonyl)phenyl acetate
(13), the obtained compound 13 with an excess of phosphoryl
chloride was evaporated under vacuum, the reaction mixture
was stirred overnight, the solution was basified by conc. NH,OH
solution to give thiadiazol derivative (14). The obtained compound
14 was stirred in dry chloroacetyl chloride and phenyl to give
hydroxyl phenyl (15) and the obtained compound 15 was
recrystallized from dioxane/H,O as white solid, compound 15
on stirring with ammonium thiocyanate in absolute ethanol
resulted in thiazolidin-4-one (16) with brownish-yellow solid,
which on treating with benzaldehyde gives thiazole derivatives
(THI-5). A series of thiazole and thiazolidinone hybrids exhibit
potent anti-inflammatory activity due to the arylidene ring
substitution with 3,4-dichloro atoms, which leads to increase
in enzyme inhibition. The synthesized (THI-5a) compound
showed the highest inhibitory activity against the COX-2 enzyme
[61]. 5,6-Diarylimidazo[2.1-b]thiazoles [THI-6] were prepared
by the condensation of o-bromodiarylethanones (17) with
appropriately substituted 2-aminothiazoles by refluxing in
ethanol or isopentanol. The chlorinated analog 2 was obtained
with treatment of sulfuryl chloride followed by DBU. An
arrangement of 5,6-diarylimidazo[2,1-b]thiazole subsidiaries

[THI-6a] was incorporated and their conceivable strong inhi-
bitory activity against COX-1 and COX-2 enzymes. Accor-
dingly, the compound was recognized as an intense, orally
dynamic and particular inhibitor of COX-2 enzyme (Fig. 6)
[62]. Accordingly, the reaction of 4-aminoacetophenone (18)
with chloroacetyl chloride in chloroform under reflux conditions
provided the corresponding chloroacetamide derivatives (19)
in high yields (89-91%). Cyclization of chloroacetamide deri-
vative with ammonium thiocyanate in ethanol gives thiazo-
lidinone subordinates (20) in good yields (80-82%). Finally,
the condensation of compound 20 with different aldehydes in
acetic acid and sodium acetate gives the target compound
S-arylidenethiazolidin-4-one derivatives [THI-7] with (53-82%)
yield. 4-Thiazolidinone is often frequently found scaffold in a
wide variety of bioactive molecules including anti-inflam-
matory agents. A novel series of 2-arylimino-5-arylidenethia-
zolidin-4-ones derivatives [THI-7a] were synthesized. In vivo
anti-inflammatory studies revealed that this compound showed
the most potent and selective COX-2 hindrance and exhibited
anti-inflammatory activity of EDs, = 38 umol/kg very close to
standard medication celecoxib (EDsy = 34 umol/kg) [63].
Benzo[d]thiazole derivative [THI-8] was gotten through a two-
step reaction, the halfway 2-(2-bromomethoxy) benzo[d]-
thiazole (22) was synthesized which undergoes a nucleophilic
substitution reaction with 1,2-dibromomethane and benzo[d]-
thiazole-2-ol (21), then the obtained 2-(2-bromomethoxy)-
benzo[d]thiazole in presence of substituted phenol gives [THI-8].
A series of benzo[d]thiazole analogs [THI-8a] were synthesized
and evaluated for their anti-inflammatory effects. An excellent
anti-inflammatory activity was observed when a halogen atom
as electron-withdrawing groups was present. The compound
exhibited the most effectiveness with Br at p-position. There-
fore, the compound evaluated for their inhibitory effects against
ovine COX-1 and COX-2, showed weak inhibition of COX-1
enzyme but showed moderate COX-2 enzyme inhibition activity
(Fig. 7) [64]. The synthetic reaction pathway consists of the
reaction of chalcone with a carbonyl compound (23) and gives
(5-chloroistain thiozolidine-4-carboxylic acid or octahydro-1H-
indole-4-carbolylic acid) (24), compound 24 reacts with amino
acids, in this manner, wherein number of spiroxindole benzo-
[d]furan thiazole scaffold [THI-9] was obtained. Some spiro-
oxindole benzo[d]furan scaffolds were synthesized. Compound
[THI-9a] with chlorine atom on the oxindole moiety and
unsubstituted benzene on the benzyl nucleus shows the best
and selective 57.83% inhibitory activity against COX-1 compared
to the standard drug, celecoxib (ICso= 29.19 + 0.33um and
8.7% inhibition) [65]. The equimolar volume of appropriate
phenylhydrazine and benzaldehyde (25) were decomposed in
methanol and then acetic acid was added to the corresponding
medium as a catalytic reagent. The mixture was heated for 4 h,
the solvent was evaporated to give phenylhydrazones (26).
Mercaptoacetic acid on the treatment with phenyl hydrazones
at 60-80 °C, till the reaction get completed gives thiazolidine
derivative [THI-10]. A novel series of 2-aryl-3-(4-sulfanoyl/
methoyl-sulfonylphenylamino)-4-thiazolidinones [THI-10a]
are appropriate scaffolds for the development of new COX-2
inhibitors. The synthesized compound [THI-10a] showed good
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Synthesis of (thiazol-Z-yl) acetamide derivatives: 0 /_
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Fig. 4. Synthesis route of compound THI-1 and THI-2
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Synthesis of intermediate 7 and target compound THI-3 NH.
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Fig. 5. Synthesis route of compound THI-3 and THI-4

COX-2 inhibitory activity, due to the presence of methyl group
on the phenyl ring exhibited highly COX-2 inhibitory
selectivity and potency (Fig. 8) [66].

A newly synthesized compound of 4-substituted thiazole
analogs [THI-11a, 11b and 11c] of indomethacin, were tested
as inhibitors of COX-1 and COX-2. It was found that compounds
[THI-11a, 11b and 11c] exhibited activity due to the presence
of aryl group carrying different substituents as the selective

inhibitors of COX-2. Among these compounds, [THI-11a]
shows good COX-2 inhibitory activity, while only moderate
COX-1 inhibitory activity has been observed [67]. A novel series
of 2,3-diaryl-1,3-thiazolidine-4-ones derivatives [THI-12]
possessing a methane sulfonic acid pharmacophore at the para-
position of the C-2 phenyl ring in conjugation with a substituent
fluorine at para-position of the phenyl ring showed potent
COX-2 inhibitory activity [68]. The incorporated (2-(diphenyl-
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Synthesis of thiazole and thiazolidinone hybrids
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Fig. 6. Synthesis route of compound THI-5 and THI-6
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Synthesis of 2-arylimino-5-arylidenethizolidin-4-ones derivatives
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Synthesis of target compound
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amino)-4-(4-nitrophenyl)thiazol-5-yl)(naphthalene-1-yl)-
methanone [THI-13] shows an excellent COX-2 inhibitory
activity, the presentation of p-phenyl substitutions tertiary
amino group on the central thiazole core plays a key part in
anti-inflammatory activity. In general, significant COX-2
inhibition was shown by compound [THI-13] with presence
of an electron-giving group NO, at the p-position of phenyl
ring [69]. A series of benzothiazoles [THI-14] showed the most
significant COX-2 inhibitory activity. The acid and amide groups
contributed promising COX-2 inhibitory action [70]. The synthe-
sized (2-morpholino-4-(4-methyl phenyl)thiazol-5-yl)(naph-
thalene- 1-yl)methanones [THI-15], indicated better inhibition
of COX-2, because of the presence of compound [THI-15]
substituted with p-CH; phenyl ring. For the most part, naphthoyl
substitution at Cs of thiazole ring improved COX-2 inhibition
[69]. Two novel thiazole derivatives, namely compounds THI-
16a and 16b were synthesized to analyze their effect on COX
isoforms. Compound 16a is a non-selective COX-1/COX-2
inhibitor, while 16b is a selective COX-2 inhibitor [67]. A
new series of imidazo [2,1-b]thiazole analogs [THI-17] were
synthesized. The synthesized compound [THI-17] showed
potency and the selectivity of COX-2 inhibitory activity was
affected due to the presence of amine on C-5 of imidazo[2,1-b]-
thiazole ring (Fig. 9) [71].

Selective LOX inhibitor: Benzoyl chloride (27) reacts
with ammonium thiocyanate to give benzoyl isothiocyanate
(28), compound 28 on treating with NH;OH results in N-carbamo-
thioyl substituted benzamide (29), compound 29 on treating
with di-ketone derivative yields N-(5-acetyl-4-methy] thiazole-
2-yl) substituted benzamide (30). Compound 30 treated with
ethanol and NaOH results to form thiazole derivatives [THI-
18]. The integrated chalcone-thiazole [THI-18a] half breed
subordinates, the presence of electron giving substituents,
methoxy in the region of both thiazole and chalcone of phenyl
rings shows the exceptionally dynamic inhibitor of 5-LOX
enzyme [72]. To a mixture of potassium thiocyanate and
cetrimide, benzoyl chloride (31) in toluene is added followed
by addition of 2° amine to the aromatic layer results in the
formation of benzamide derivatives (32). Condensation of
2-bromoacetophenone (33) with the equivalent amount of
benzamide derivative in the presence of catalyst, trimethyl-
amine in acetonitrile at 70 °C results in (2-(diphenylamino)-
4-phenylthiazol-5-yl)phenyl methanone [THI-19]. The
synthesized novel substituted 2-amino thiazide analogs [THI-
19a], act as a competitive 5-LOX inhibitor by incorporating a
benzyl group at the 5th and substituted 2° amine at the 2nd
position, respectively, in the basic thiazide moiety provided
by potent analog. This compound is found to be more potent
than the drug, zileuton (Fig. 10) [6]. Chloro acetylation of
2-(methylthio)- 1 H-benzo[d]imidazole (34) in presence of NaH
and DMF, gives pure product imidazole derivative (35), which
undergoes cyclization with thiourea in presence of ethanol
resulting in aminothiazole derivatives (36). Compound 36 on
alkylation with the equivalent amount of chloroacetone in
presence of acetone in anhydrous K,CO; gives benzo[d]thiazole
derivative (37). Compound 37 on treating with the equimolar
volume of phenylthiosemicarbazide gives new benzimidazole

thiazole (38) hybrid with thiosemicarbazone moiety. Heating
38 linked to thisemicarbazone hybrid 37 with an equivalent
amount of appropriate p-(un)-substituted phenacylbromides
in absolute ethanol, followed by neutralization with sodium
acetate, afforded benzimidazole-thiazole hybrids [THI-20]
linked to 1,3-thiazolines. Benzimidazol-thiazide hybrid linked
to 1,3-thiazoline substituted with p-chlorophenyl moiety [THI-
20a] was highest 15-LOX inhibitor, as it displayed almost
double 15-LOX inhibitory activity compared to the reference
quercetin [73]. Phenylthiazole derivative (39) treated with ester
in presence of diethyl ether gives hydroxyphenyl thiazole
derivative (40), compound 40 reacts with phenylhydrazine
gives phenylthiazole imidazole derivatives [THI-21]. A new
series of phenylthiazole derivatives [THI-21a] were prepared
as 15-LOX inhibitors. Compound [THI-21a] showed good
inhibitory activity due to the presence of methyl group having
the highest relative potency in comparison with celecoxib, the
compound 27 showed a promising safety profile to most of
the synthesized compounds (Fig. 11) [74].

2-Aminothiazole (41) treated with acetyl chloride and DMF
gives N-thiazole alkyl amide (42). Compound 42 reacts with
NH.SCN in ethanol to give amindithiazole derivative (43),
compound 43 reacts with acetic acid and sodium acetate to
provide thiazole derivatives [THI-22]. 2-(Thiazole-2-ylamino)-
5-phenylidene-4-thiazolidinone derivatives were synthesized
by differing the phenyl group substitution, which exhibits the
anti-inflammatory activity. Compound [THI-22a] with m-OCHs,
p-OH derivative and compound [THI-22b] with m-NO,, which
exhibits the highest anti-inflammatory activity, also have the
best LOX inhibition. This compound inhibits effectively inflam-
mation, acting on enzymes involved in both arachidonic acid
catabolic pathways and thus are promising anti-inflammatory
agents with reduced undesired side effects [75]. The appro-
priate thiazole derivative (44) with chloro-acetyl chloride in
presence of dry benzene gives an alkyl amide substitute (45).
Compound 45 on refluxing with NH4SCN in ethanol leads to
the dithiazole derivative (46). The final thiazole derivatives
[THI-23] were synthesized by refluxing the previous inter-
mediate with aldehyde and anhydrous sodium acetate in acetic
acid. As a part of ongoing studies in developing new thiazole
derivatives as an anti-inflammatory agent, the synthesis of
novel 5-arylidene-2-(1,3-thiazol-2-ylimino)-1,3-thiazolidin-4-
ones [THI-23a] showed good LOX inhibitory activity due to
the presence of -OCH; [76]. The benzothiazoyl moiety (47)
reacts with acetyl chloride in DMF gives isothiazole derivative
48, the compound 48 react with NH,;SCN in alcohol to form
2-(heteroarylimine) thiazolidine-4-ones (49). Compound 49
treated with aldehyde and carboxylic acids gives heterocyclic
thiazole derivative [THI-24]. The benzo-thiazolyl moiety was
proved to be of great significance for developing more potent
inhibitors. Among the synthesized benzisothiazolythiazoli-
dinone derivatives [THI-24a], the best LOX inhibitory activity
was observed for compound THI-24a. It seems that the presence
of p-OH group, in this case, is beneficial for LOX inhibitory
activity (Fig. 12) [77].

Pyrimidine (50) reacts with brominated alkyl ester in
presence of thiobarbituric acid, TEA and dimethylformamide
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Chemical structure of thiazoles and thiazolidinones derivatives
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Synthesis of chalcone-thiazole hybrids ﬁ
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Synthesis of benimidazole-thiazole hybrids
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Synthesis of thiazole derivatives
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to yield pyrimidine derivatives (51). Compound 51 chlorinated
with POCl; in presence of diethylaniline to give dichloro-
pyrimidine derivative (52), compound 52 react with Na,COs
in presence of catalyst to give amine dihydrothiazole derivative
(53), then compound 53 hydrated with LiOH in presence of
tetrahydrofuran to give thiazole derivative [THI-25], pirinixic
acid derivatives bearing 2-aminothiazole [ THI-25a] moiety has
potent inhibitory activity against 5-LOX. The presence of
2-napththyl moiety showed remarkable inhibition against
5-LOX [78]. Dione (54) derivative treated with benzyl ketone
gives dione-imidazole derivative (55), compound 55 on cycli-
zation with dimethylformamide provides dimidazole derivative
(56), compound 3 treated with thiosemicarbazide gives carbazide
derivatives (57), compound 57 reacts with phenacyl bromide
gives thiazole derivative [THI-26]. Novel purine—pyrazole
hybrids combining thiazoles, thiazolidines [THI-26a] were
designed and tested as 15-LOX inhibitors. It was found that
the compound exhibited the activity due to the presence of
chlorine in the region of phenyl ring and C¢Hs group in thiazole
(Fig. 13) [79].

Molecular docking studies

Ligand preparation: The 3D chemical structure of
thiazole derivatives was drawn by using Chemdraw software
and those structure were converted into 3D structure by using
Marvin JS software tool [80], later on all the ligand were
converted into PDB format by using Marvin JS software tool.
All the compounds were optimized and converted from PDB
to PDBQT format by using AutoDock tools 4.2.6.

Protein preparation: To verify the effect of ligand with
COVID-19 proteins, molecular docking technology was
accepted. MGL tools 1.5.6 with Auto Dock Vina was used for
the molecular docking analysis to detect the preferred binding
sites [81]. The recently resolved X-ray crystal 3D structures
of SARS-CoV-2 Spike binding domain with main protease
(PDB code: 6LU7) in complex with the covalent peptide N3
and SARS-CoV-2 Spike binding domain with ACE2 receptor
(PDB code: 6M0J) were downloaded from the Protein Data
Bank (www.rcsb.org) in PDB format [82]. For molecular docking
analysis the bound atoms were removed from selected proteins
by using Biovia Discovery Studio 2019 visualizer and Auto-
dock tool were used to add the non-polar hydrogen atoms to
the receptors in a protein preparation. Finally, the structure of
the receptor was saved in PDBQT format.

Grid box generation and virtual molecular docking:
The binding affinity and nature of the interaction between
selected ligands and the protein was analyzed by molecular
docking. By using an Autodock vina software, binding energies
were reported and determined in kcal/mol unit for ligand-protein.
The grid box was generated by targeting the active site with a
size of (x = 72.32, y = 68.31, z = 100.85) and centre of (x =
-4.60,y = 16.07, z =-10.64) was set to cover the binding site for
6MOJ protein and grid box with a size of (x =51.01,y =59.65,
7z =52.382) and a centre of (x =-11.83,y = 12.45, 2= 69.92)
for main protease 6L.U7 was adopted and the bioactive confor-
mations were simulated [83]. Virtual molecular docking and
analysis have been performed by using AutoDock Vina 1.5.6

tool. All the ligand molecules have been docked to active site
of SARS-CoV-2 proteins 6LU7 and 6MO0J. Finally, protein-
ligand interactions were analyzed by using Biovia discovery
studio visualizer [84].

In silico studies on SARS-COV-2 proteins

Molecular docking: The docking analysis of all the 26
thiazole derivatives were docked successfully against the spike
binding domain with ACE2 receptor (6MO0J) and spike binding
domain with main protease (6LU7) of SARS-CoV-2. The best
dock score of compounds is thought to be a good candidate to
inhibit the activity of the SARS-CoV-2. Based on their dock
score all 26 compounds were ranked. By referring Table-1, it
gives the list of active molecules after docking studies and the
molecules having good dock score values were picked. Based
on their interactions with the viral proteins of (PDB ID: 6MO0J
and 6LU7), the best 7 compounds were selected, among these
7 compounds THI-9a and THI-2a exhibited the best dock score
with 6MO0J and 6L U7 proteins and remaining compounds are
also exhibited good interaction with the 6L.U7 and 6MOJ proteins.
The docking results and interaction modes are obtained by
discovery studio visualizer for evaluation of results. The best
binding energy of protein-ligand interactions are listed in
Table-1.

Interaction with spike binding domain with ACE2
receptor (PDB ID: 6M0J): The docking analysis of thiazole
derivatives and FDA approved standard drugs containing
thiazole moiety against SARS-CoV-2 spike binding domain
with ACE2 receptor were analyzed and compared. All the
compounds including standard drugs were found to exhibit a
good interaction with SARS-CoV-2 protein (6MO0J) and their
interaction with the binding site of 6M0J are displayed in Fig. 14.
Compound THI-9a shows a strong interaction towards receptor
of 6MOJ with a binding energy of -10.3 kcal/mol. It’s docking
mode showed its ability to form pi-alkyl bond with ARG393
amino acid residue through benzofuran ring and also conven-
tional hydrogen bond with ASP350 via oxygen atom. Compound
THI-26a formed the carbon hydrogen bond with TRP203 and
TYR202 amino acid residues. Along with pi-alkyl, pi-donor
and pi-pi-T-shaped bond with HIS195 residue through its
bromine of the benzene ring and also via benzene ring. It also
made conventional hydrogen bond with TRP203 residue through
its oxygen of the benzene ring. Compound THI-11c forms a
pi-alkyl and pi-sigma bond with LEU95, VAL209 and PRO565
via naphthalene ring and also form hydrogen bond with ALA99
and TRP203 residues via oxygen atom. Compound THI-2a
made the carbon hydrogen bond with TRP203, ALA99 and
GLU398 amino acid residues along with pi-sigma bond with
ALA99 through its benzene ring. It also made alkyl bond with
VAL209, PRO565 and LEU9S residues through its chlorine
of the benzene ring and forms an unfavourable donor-donor
bond with the TYR196 residue via nitrogen of the pyrazole
ring. Compound THI-11b forms a 3 pi-pi-stacked interaction
bond with TRP349 residue through indole ring and also form
a 2 pi-cation bond via nitrogen of the indole ring. It also made
pi-alkyl bond with ARG393 via thiophene rings. Compound
THI-5a forms a conventional hydrogen bond with GLU564
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Synthesis of amino thiazole derivatives
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Fig. 13. Synthesis route of compound THI-25 and THI-26
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TABLE-1
DOCKING SCORE OF PROTEIN-LIGAND INTERACTIONS
Binding affinity Binding affinity
Compounds Urealisngll Compounds (kcal/mol)
6MOJ  6LU7 6MOJ  6LU7
’(NHZ
Lo A A S
S
O. /L\ H;CO. X,
\)LNH N s 80 72 3 68 66
4Hog
H F  THI-1a OH
16a
’<NH2
H 0O S N
\ -
OJNWCI H;CO. 0
H -8.0 -7.0 GL.CH -6.8 -6.6
2%-6115
L H  rHiap OH
16b
MeO.
N S
’d I ~
~ EN /N
\
o | 96 92 H,c. 2 S,9 1.8 18
N-N CH, /o
N\ THI -17
N
/©/K/ ICs, value = 0.08 pM
c THI -2a
(0
O O o V<
N - - \ X o
NH, 7.6 7.1 —g\, OCH; 7.4 6.5
0 CH,
THI -3 THI -18a
¢
~~ N NH
()N
-7.9 -7.2 -8.9 -8.4
H;CO
LI0 THI -19a
THI 4a
N
" e
S>_ N
W Cl N
N \)~S 9.1 8.1 @ N i \ -8.2 1.4
HN, Cl N ZNNAN &
HH3 H
THI -5a THI -20a @




1912 Harshitha et al. Asian J. Chem.

/ F3C
N= 3 S
N4 !

& )
Cl

H 80 713 90 15
N
-
SJ‘\N O__s\:()
THI -6a THI 21
=z1a
NS H
N N N
C ooc’C g™ {\\Jfg\g ° oo,
2Hs o) 81 67 \ OH 7.8 6.6
NzO
THI-7a 6 THI -22a
(0]
N
o OEERTED < > Br 65 62 73 -67
THI -8a [}’ oNor
THI -22b
Cl
Increase the activity
OH3CO
103 8.1 Z— )\ L 67 66
o THI-23a OCMh

I HN
HN N Ns(s S
O\]\:N D 6.9 72 @:\(_N -8.4 72
S

Nt THI-24a  OH
Lot
H R N_s__coon
\ Br I \I/
N 88 74 ’N 91  -59
0
THI -25a
THI -11a
cl
Br.

S H
& S —
N
\ [ Ph’N S
N 92 80 100 99
): ) JI
|,>—N
c THI -11b J\

THI -26a




Vol. 34, No. 8 (2022) Structural and Functional Insights of Thiazole Derivatives as Potential Anti-inflammatory Candidate: A Review 1913

-9.7 -8.4
@E THI -11¢
\/I
) -7.8 -7.2
N
F
THI -1

@

S 0 9.1 7.2

O el

Z

A

SP ,K/©)< 2 88 74
THI -14
iN—(’
@ 93 15
THI -15
ICs value 0.90 + 0.064 M

fgﬁé
O\& X N OH 57 s
A H

Cinalukast

HOY %

Tiazofurin

and GLY205 residues. Compound THI-19a made the pi-alkyl
bond with HIS378 residue via benzene ring and carbon hydrogen
bond with HIS401 residue via oxygen atom. Standard drug
molecule cinalukast made the conventional hydrogen bond
with ASP350 and TYR385 amino acid residues via oxygen and
hydrogen atom. along with pi-alkyl, pi-pi-stacked and pi-pi-
T-shaped bond with ARG393, PHE390 and PHE40 residues
through its benzene ring. It also made alkyl and pi-sigma bond
with LEU73 and TRP69 residues through its cyclobutene and
thiazole ring. Molecule dasatinid made conventional and carbon
hydrogen bond with GLN98, ASN103 and TYR196 residues
via oxygen and carbon atoms. It also forms alkyl bond VAL209
and PROS565 residues through its carbon atom along with pi-
alkyl bond with LEU95 through benzene ring. Molecule ritonavir
forms conventional hydrogen bond with ASP350 and ASP382
amino acids residues via oxygen and hydrogen atom and also

pi-alkyl and pi-pi-stacked bond with ALA348 and PHE40
residues through its benzene ring. It also made pi-sulfur bond
TRP69 residue via sulfur atom. Molecule sulfathiazole made
conventional and carbon hydrogen bond with ASN210, GLU564
and GLN98 via oxygen, hydrogen and nitrogen atoms. It also
made pi-sigma, pi-alkyl and pi-anion bond with LEU95, VAL209
and GLU208 residues via benzene and thiazole ring. Molecule
thiazofurin made conventional and carbon hydrogen bond with
LYS417, GLU23, ALA475 and ASP30 residues via oxygen,
hydrogen and carbon atoms. It also made pi-donor bond with
TYRA473 residue via thiazole ring. Compounds THI-27a, THI-
11c, THI-2a, THI-11b, THI-5a, THI-19a and standard drug
molecules cinalukast, dasatinid, ritonavir, sulfathiazole and
tiazofurin shows good binding with spike binding domain with
ACE2 receptor of SARS-Cov-2 at the active site with the binding
energies of -10.0 kcal/mol, -9.7 kcal/mol, -9.6 kcal/mol, -9.2
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kcal/mol, -9.1 kcal/mol, -8.9 kcal/mol and -7.7 kcal/mol, -9.5
kcal/mol, -8.0 kcal/mol, -6.3 kcal/mol and -6.4 kcal/mol,
respectively. The detailed interactions of all the 7 compounds
and standard drugs are shown in Fig. 14, bond length and dock-
ing energies are depicted in Table-2. Thus, it clearly indicates
that compound THI-9a interacted well and shows good inhib-
iting activity against spike binding domain with ACE2 receptor
of SARS-CoV-2 over standard drug molecules.

Interaction with spike binding domain with main
protease (PDB ID: 6L.U7): The docking analysis of thiazole
derivatives and FDA approved standard drugs containing

A58

Interactions

Interactions

[__1 Carbon hydrogen bond
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thiazole moiety against SARS-CoV-2 spike binding domain
with main protease were analyzed. All the compounds including
standard drugs were found to be exhibit a good interaction with
SARS-CoV-2 protein (6LU7) and their interaction with the
binding site of 6L.U7 are displayed in Fig. 15. Compound THI-2a
exhibit a strong interaction towards receptor of 6LU7 with a
binding energy of -9.2 kcal/mol. Herein, THI-2a has been surro-
unded with HIS163, MET165, PRO168, CYS145, GLU166
and HIS41 amino acid residues of the active site of the receptor
6LU7. It also forms a pi-alkyl bond with HIS163 and MET165
amino acid residues via benzene ring and also it forms an alkyl
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Fig. 14.2-D protein-ligand interaction of 6MOJ with (a) THI-9a, (b) THI-26a, (c) THI-11c, (d) THI-2a, (e) THI-11b, (f) THI-5a, (g) THI-19a,
(h) cinalukast, (i) dasatinid, (j) ritonavir, (k) sulfathiazole, (1) tiazofurin
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TABLE-2
INTERACTION BETWEEN LIGANDS AND 6M0J VIRAL PROTEIN
Compound Protein (amino acids) Ligand Interaction type Distance (A)
9 ASP350 Oxygen Conventional 1.84
4 ARG393 7 of Benzofuran m-Alkyl 4.63
HIS195 7 of Benzene m-Donor 2.81
TRP203 Oxygen Conventional 3.02
26a TRP203 Carbon Carbon 3.37
TYR202 Carbon Carbon 3.80
HIS195 7 of Benzene n-n-T-Shaped 4.67
HIS195 7 of Bromine m-Alkyl 4.67
ALA99 Oxygen Conventional 3.20
LEU95 7 of Naphthalene m-Sigma 3.45
TRP203 Oxygen Carbon 3.46
He VAL209 7 of Naphthalene n-Alkyl 4.07
TRP203 w of Carbon m-Alkyl 4.87
PROS565 w of Naphthalene m-Alkyl 4.93
TYR196 Nitrogen Donor-Donor 2.54
ALA99 7 of Benzene m-Sigma 3.46
TRP203 Carbon Carbon 3.46
ALA99 Carbon Carbon 3.64
24 TRP203 Carbon Carbon 3.67
GLU398 Carbon Carbon 3.72
VAL209 Chlorine Alkyl 3.98
PROS565 Chlorine Alkyl 4.29
LEU95 Chlorine Alkyl 4.58
n of Hydrogen m-Alkyl 4.74
TRP349 7 of Indole m-1-Stacked 3.85
TRP349 7 of Nitrogen n-Cation 3.98
1ib TRP349 7 of Indole n-ni-Stacked 4.35
TRP349 7 of Indole n-m-Stacked 4.37
TRP349 7 of Nitrogen n-Cation 4.50
ARG393 7 of Benzo-thiophene m-Alkyl 4.80
Sa GLU564 Hydrogen Conventional 2.05
GLY205 Hydrogen Conventional 2.21
192 HIS401 Oxygen Carbon 3.38
HIS378 7 of Benzene m-Alkyl 3.78
ASP350 Oxygen Conventional 1.89
TYR385 Oxygen Conventional 2.19
ASP350 Hydrogen Conventional 2.40
ASP350 Hydrogen Conventional 2.60
Cinalukast TRP69 7 of Thiazole m-Sigma 3.76
ARG393 7 of Benzene m-Alkyl 4.56
LEU73 7 of cyclobutane Alkyl 4.77
PHEA40 7 of Benzene n-1-T-Shaped 4.93
PHE390 7 of Benzene m-1i-Stacked 4.97
ASN103 Oxygen Conventional 2.59
GLN98 Oxygen Conventional 2.74
VAL209 Carbon Alkyl 3.46
Dasatinid TYR196 Carbon Carbon 3.51
TYR196 Carbon Carbon 3.65
PROS565 Carbon Alkyl 3.99
LEU95 7 of Benzene m-Alkyl 4.92
ASP350 Oxygen Conventional 2.34
ASP382 Hydrogen Conventional 2.60
. . ASP350 Oxygen Conventional 2.68
Ritonavir PHE40 7 of Benzene m-1i-Stacked 4.45
ALA348 7 of Benzene m-Alkyl 4.73

TRP69 7 of Sulfur m-Sulfur 4.87
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ASN210 Oxygen Conventional 1.89
GLU564 Hydrogen Conventional 2.07
ASN210 Nitrogen Conventional 2.11
. GLN98 Oxygen Conventional 2.24
LRz GLN9S Carbon Carbon 3.17
GLU208 w of Thiazole T-Anion 3.54
LEU95 7 of Benzene m-Sigma 3.68
VAL209 w of Benzene n-Alkyl 4.48
ALA475 Hydrogen Conventional 2.14
LYS417 Oxygen Conventional 2.25
Tiazofurin TYR473 w of Thiazole n-Donor 2.76
GLU23 Hydrogen Conventional 2.78
ASP30 Carbon Carbon 3.32
ALA475 Oxygen Carbon 3.44
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Fig. 15.2-D protein-ligand interaction of 6LU7 with (a) THI-2a, (b) THI-26a, (c) THI-11c, (d) THI-19a, (e) THI-5a, (f) THI-9a, (g) THI-11b,
(h) cinalukast, (i) dasatinid, (j) ritonavir, (k) sulfathiazole, (1) tiazofurin
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bond with PRO168 and CYS145 through its chlorine of the
benzene ring and carbon atom along with pi-anion and pi-pi-
T-shaped bond with GLU166 and HIS41 via benzene ring.
Compound THI-26a forms a pi-alkyl and alkyl bond with VAL73
residue through its bromine of the benzene ring and also along
via benzene ring. Compound THI-11c forms a alkyl bond with
ALAT70 through naphthalene ring and pi-cation bond with
LYS97 amino acid residue via benzene ring. Compound THI-
19a forms conventional hydrogen bond with GLY 143 residue
via oxygen atom and amide-pi-stacked bond with LEU141
residue through benzene ring. Compound THI-5a exhibit a
conventional hydrogen bond with CYS145, SER144 and THR-
190 amino acid residues via oxygen atom along conventional
hydrogen bond with GLU166 residue through its sulfur of its
thiazole ring. Along with pi-sigma and conventional hydrogen
bond with ASN 142 residue through its thiazole ring and nitrogen
atom. Compound THI-9a forms an alkyl bond with LEU286
residue via thiazole ring as well as conventional hydrogen bond
with THR199 residue via oxygen atom. Compound THI-11b
forms a pi-alkyl bond with LYS145 residue through thiazole
ring and amide-pi-stacked bond with GLN189 residue via
benzene ring and also conventional hydrogen bond with ARG40
amino acid residue via oxygen atom. Standard drug molecule
cinalukast made the conventional hydrogen bond with CYS145
and GLU166 residues via nitrogen and oxygen atoms. It also
made alkyl and pi-alkyl bond with LEU27, MET165 and
CYS145 residues through its cyclobutane, benzene and thiazole
rings. The molecule dasatinid made conventional hydrogen
bond with CYS145 residue via oxygen atom along with pi-
sigma and pi-alkyl bond with HIS41 and MET165 through its

carbon and benzene ring. The molecule ritonavir forms conven-
tional hydrogen bond with THR199, LYS236 and TYR237
residues via oxygen, nitrogen and hydrogen atoms. It also made
pi-cation, pi-donor and pi-alkyl bond with LYS236, LEU287
and LEU286 through its thiazole and benzene rings. The mole-
cule sulfathiazole made conventional hydrogen bond with
HIS164 residue via hydrogen atom and also made pi-cation
and pi-pi-stacked bond with HIS41 and MET49 residues via
thiazole ring. It also made pi-alkyl and pi-sulfur bond with
CYS145 and HIS41 residues through its benzene ring and sulfur
atom and also forms an unfavourable donor-donor bond with
the HIS163 residue via hydrogen atom. The molecule
tiazofurin made a conventional hydrogen bond with SER 144,
THR26, GLU166, HIS164 and CYS145 amino acids residue
via oxygen, hydrogen and nitrogen atoms and also forms an
carbon hydrogen bond and pi-alkyl bond with GLY 143 and
CYS145 residues via carbon atom and benzene ring. Compounds
THI-27a, THI-11c, THI-20a, THI-5a, THI-9a, THI-11b and
standard drug molecules cinalukast, dasatinid, ritonavir, sulfa-
thiazole and tiazofurin shows good binding with spike binding
domain with main protease of SARS-CoV-2 at the active site
with the binding energies of -9.1 kcal/mol, -8.4 kcal/mol, -8.4
kcal/mol, -8.1 kcal/mol, -8.1 kcal/mol, -8 kcal/mol and -6.8
kcal/mol, -7.9 kcal/mol, -6.4 kcal/mol, -6.0 kcal/mol, -5.9 kcal/
mol, respectively. The detailed interactions of all the 7 comp-
ounds and standard drugs are shown in Fig. 15, bond length
and docking energies are depicted in Table-3. Thus, it clearly
indicates that compound THI-2a interacted well and shows
good inhibiting activity against spike binding domain with
main protease of SARS-CoV-2 over standard drug molecules.

TABLE-3
INTERACTION BETWEEN LIGANDS AND 6LU7 VIRAL PROTEIN
Compound Protein (amino acids) Ligand Interaction type Distance (A)

PRO168 Chlorine Alkyl 3.94

GLU166 7 of Benzene T-Anion 4.12

CYS145 Carbon Alkyl 4.14

2 HIS163 7 of Carbon -Alkyl 4.50
MET165 7 of Benzene m-Alkyl 4.66

HIS41 n of Benzene 1-i-T-Shaped 4.85

LYS97 Nitrogen Conventional 224

LYS97 7 of Thiazole m-Cation, t-Donor 3.30

26a GLN69 Carbon Carbon 3.38
VAL73 7 of Benzene m-Alkyl 4.21

VAL73 Bromine Alkyl 4.46

le ALA70 Naphthalene Alkyl 4.15
LYS97 w of Benzene n-Cation 4.38

192 GLY143 Oxygen Conventional 2.70
LEU141 w of Benzene Amide-rn-Stacked 4.83

CYS145 Oxygen Conventional 2.31

SER144 Oxygen Conventional 2.38

LEU141 Hydrogen Conventional 2.50

5a GLU166 Sulfur Conventional 2.68
THR190 Oxygen Conventional 2.85

GLN189 Oxygen Carbon 3.18

ASN142 Nitrogen Conventional 3.30

ASN142 w of Thiazole m-Sigma 4.00
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THR199 Oxygen Conventional 1.87
LEU286 Thiazole Alkyl 4.98
9a CYS145 w of Thiazole n-Alkyl 4.68
ARG40 Oxygen Conventional 1.99
GLN189 7 of Benzene Amide-n-Stacked 4.50
GLU166 Hydrogen Conventional 2.62
CYS145 Nitrogen Conventional 3.67
Cinalukast MET165 Benzene Alkyl 4.29
CYS145 Thiazole Alkyl 4.72
CYS145 w of Thiazole m-Alkyl 4.79
LEU27 Cyclobutane Alkyl 4.92
HIS41 1 of Carbon m-Sigma 3.54
Dasatinid CYS145 Oxygen Conventional 3.69
MET165 7 of Benzene m-Alkyl 4.33
TYR237 Hydrogen Conventional 1.82
TYR237 Hydrogen Conventional 2.56
LYS236 Nitrogen Conventional 2.73
. . THR199 Oxygen Conventional 2.68
L ere THR199 Oxygen Conventional 2.86
LEU287 7 of Benzene m-Donor 3.13
LYS236 7 of Thiazole m-Cation 3.74
LEU286 7 of Benzene m-Alkyl 4.91
HIS163 Hydrogen Donor-Donor 1.74
HIS164 Hydrogen Conventional 2.43
. MET49 7 of Thiazole n-m-Stacked 3.68
Sulfathiazole HIS41 m of Sulfur -Sulfur 4.03
HIS41 7 of Thiazole m-Cation 4.0
CYS145 w of Benzene m-Alkyl 4.91
THR26 Hydrogen Conventional 224
SER144 Oxygen Conventional 2.33
HIS164 Hydrogen Conventional 2.38
Tiazofurin GLU166 Oxygen Conventional 2.71
CYS145 Oxygen Conventional 2.90
GLY143 Oxygen Carbon 3.34
CYS145 Nitrogen Conventional 3.64
CYS145 7 of Thiazole m-Alkyl 4.47
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