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Abstract

The heterocyclic class of bicyclic chemicals includes benzothiazole. Benzothiazole derivatives have a wide range of biological actions,
including those against diabetes, convulsants, analgesics, leishmaniasis, malaria, histamine, and fungus. They also have effects
against cancer, inflammation, tumours, viruses, bacteria, and proliferative cells. Inhibiting cycloxygenase-2 is one of benzothiazole
derivatives' most important uses (COX-2). In this work, the anti-inflammatory and analgesic properties of benzothiazole derivatives
are highlighted using a thorough literature review. Different substituted benzothiazoles combined with azetidinones, indoles, oxazoles,
oxadiazoles, sulphonamides, triazoles, pyrimidines, and pyrazolines exhibit notable anti-inflammatory and analgesic activity. The
current study thus focuses on the and anti-inflammatory properties of variously modified benzothiazole derivatives.

Keywords — Benzothiazole, Anti-inflammatory, COX, LOX

1. Introduction —

Inflammation and discomfort are frequently results of bacterial infections. Typically, analgesic and anti-inflammatory medications are
provided at the same time. [19] Inflammation is a complex process, it shows the bodies response to diverse stimuli and is caused due
to several problems such as arthritis, asthma, and psoriasis, which require prolonged or repetitive therapy. Analgesic and anti-
inflammatory medications specifically target Cyclooxygenase-2, which is produced by inflammatory stimulation like bacterial
endotoxin and cytokines [6]. COX-1 and COX-2 are two kinds of COX proteins that are produced by our bodies, While COX-1 is
present in the majority of human tissues, COX-Il is present at very undetectable levels in some tissue [21]. Cyclooxygenase-2 is a
crucial enzyme for prostaglandin synthesis in inflammatory cells, which implies that it is the main mediator of inflammation and is
competitively suppressed by NSAIDs. NSAIDs are an excellent option for treatment of various inflammation related disease,
including rheumatoid arthritis and gout.

Heterocyles are significant pharmcophores that plays a key role in generation of special chemical compounds with pharmacological
properties. Five membered heterocyclic which incorporate oxygen, nitrogen and sulphur are found in broad spectrum therapeutic
agents which plays a significant role in drug discovery and drug development [2]. Benzothiazole is a flexible heterocyclic moiety
which consist of 5-membered thiazole ring fused to benzene ring that serves as a key structural component of many artificial and
naturally occurring marine creatures, together with plant-based compounds [1,20]. Benzothiazole is a weakly basic heterocyclic
organo-sulfur compound. They are frequently utilized in product development bioorganic and medicinal chemistry [4]. Reported data
showed that benzothiazole showed different types of pharmacological activity viz. anticancer, antimicrobial, anti-inflammatory,
analgesic, antioxidant, antiviral antimalarial, antidiabetic etc [1,6,9,20,21]. Moreover, the benzothiazoles are known to present in a
variety of therapeutically effective medicines, pramipexole ethoxzolamide, zopolrestat and riluzole are a few examples [19].
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Figure 1. 2D and 3D structure of Benzothiazole (C;H3NS)

The extensive study on the anti-inflammatory potential of Benzothiazole derivatives that is discussed in the current review will be
useful in the future discovery of new drugs and the development of medications as anti-inflammatory and analgesics.
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Figure 2. Benzothiazole ring containing anti-inflammatory drug.
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Figure 3. Process of inflammation

COX - cyclooxygenase; LOX - lipoxygenase, IL - leukotriene, TNF - tumour necrosis factor, MAPK—mitogen activated protein
kinase

Benzothiazoles perform their anti-inflammatory activity mainly by interacting with receptors cyclooxygenase (COX-1 and COX-2),
Cannabinoid receptor, 5-lipoxygenase, MAP kinase and TNF — alpha [44] (Figure 4).
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Figure 4. Benzothiazole interactions with clinically approved targets.
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Figure 5. Different derivatives of Benzothiazoles
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2. Benzothiazole Derivatives as Anti-Inflammatory agents—

2.1 COX - 2 Inhibition

Deb et al. (2014) Synthesised N-(benzothiazol-2-yl)-2-(substituted) acetamide scaffolds and investigated them for anti-inflammatory
activity using carrageenan rat paw edema assay. Among the studied compounds, compound 1 depict maximum anti-inflammatory
activity (% inhibition = 74.44), and activity was found to be significant of standard drug Indomethacin (% inhibition = 78.89). SAR
studies revealed that the substitution of 4-fluoroaniline with amide group increased the anti-inflammatory activity. Molecular docking
analysis demonstrated that compound 1 depicted maximum interaction among the synthesised compounds with human COX-2°.
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Figure 6. Substituted Acetamide clubbed Benzothiazole derivatives (1)

Raghavendra et al. (2012) Synthesized acetamide based benzothiazoles derivatives and evaluate them for anti-inflammatory activity
by using carrageenan induced paw oedema method. Among all the studied compounds, compound 2a (% inhibition = 41.30%) and 2b
(% inhibition = 34.78%) was found to showed most significant activity as compared to the standard drugs Naproxen (% inhibition =
71.70%) and rofecoxib (% inhibition = 81.01%). SAR studies suggested that the presence of unsubstituted piperazine ring and
piperazine ring containing phenyl ring at N, enhanced the anti-inflammatory activity. Molecular docking study of these compounds
suggested that compound 2a (docking score = -6.48 kcal/mol) and 2b (docking score = -6.23 kcal/mol) interacts with COX-2 enzyme
more efficiently than rofecoxib (docking score = -6.13 kcal/mol)™.
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Figure 7. Substituted Acetamide clubbed Benzothiazole derivatives (2a and 2b)

Govindaiah et al. (2021) — reported benzothiazoles-hydrazone analogues and evaluate the anti-inflammatory activity by using Bovine
serum albumin method and Egg serum albumin methods. Among all the studied compounds, Compound 3a (IC50 = 26.99 pg/mL) and
3b (IC50 = 26.69 % pg/mL) showed most potent anti-inflammatory activity as compared to the standard drug diclofenac sodium
(IC50 = 22.57 pug/mL). Docking studies revealed that compound 3a (docking score = -9.2 kcal/mol) and 3b (docking score = -9.6
kcal/mol) showed significant docking score with COX-2 enzyme when compared to standard drug Diclofenac Sodium®,
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Figure 8. Hydrazone based benzothiazoles derivative (3a and 3b)

Wang et al. (2017) Synthesised benzothiazole based hydrazone analogues and investigated them for their in vitro anti-inflammatory
activity using Human erythrocyte method and Hypotonic solution-induced method. Among the studied compound 4 ((IC50 = 90.74
ug/mL) depicted maximum anti-inflammatory activity, significant of standard drug Indomethacin ((IC50 = 40.04 pg/mL). Molecular
docking analysis demonstrated that compound 4 (docking score =-8.90) depicted maximum interaction among the studied compounds
when docked with human COX-2. SAR analysis indicated that substitution of aliphatic side chain with hydrazide moiety enhanced the
anti-inflammatory activity *°.
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Figure 9. Hydrazone based benzothiazoles derivative (4)

Yatam et al. (2018) reported the synthesis of Mercapto-benzothiazole clubbed 1,2,4-oxadiazole derivatives and evaluated as anti-
inflammatory agent using COX-2. Among the studied compounds 5a (IC50 = 6.8 pg/mL) and 5b (IC50 = 5.0 pg/mL) showed
maximum inhibition against selective COX-2 inhibitors with higher anti-inflammatory action than standard Ibuprofen®.
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Figure 10. Substituted Oxadiazole clubbed Benzothiazole derivatives (5a-5b)

Zheng et al. (2020) Synthesised benzothiazole derivatives clubbed 1,3,4 - oxadiazole and screened them for In-Vivo Anti-
inflammatory activity with the help of para-xylene-induced mice ear swelling model. The most potent anti-inflammatory activity is
showed by compound 6 (% inhibition = 57.35%) significant of standard drug (% inhibition = 43.62%). The docking study also showed
that compound 6 indicated highest binding affinity with COX-2 enzyme among the studied compounds™.
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Figure 11. Substituted 1,3,4 - Oxadiazole clubbed Benzothiazole derivative (6)
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Shafi et al. (2012) Synthesised 1,2,3-triazoles containing 2-mercapto benzothiazole scaffold, and tested for anti-inflammatory activity
by using biochemical cyclooxygenase (COX) assays and carrageenan-induced hind paw edema method. Amongst the studied
Compounds, compound 7a (% inhibition = 78.11%) and 7b ((% inhibition = 81.13%), depicted excellent anti-inflammatory activity as
compared to standard drug Ibuprofen ((% inhibition = 71.69%). Molecular docking analysis demonstrated that compound 7a (docking
score = -12.54 kcal/mol) and 7b (docking score = -12.38 kcal/mol) depicted maximum interaction when docked with human COX-2.
The SAR studies reveal that substitution of para fluoro aniline greatly enhances the anti-inflammatory activity®’.
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Figure 12. Substituted Triazole clubbed Benzothiazole derivatives (7a and 7b)

Paramashivappa et al. (2013) prepared 2-[[2-alkoxy-6-pentadecylphenyl)methyl]thio]-1H-benzothiazoles, derivates and examined as
anti-inflammatory agents. Compounds 8 exhibited maximum COX-2 inhibitory action (IC50 = 1.06 ug/mL) and activity was found to
be significant as standard drug rofecoxib (IC50 = 10.057 pg/mL). SAR studies revealed that the presence of methoxy substitution at
2" position of phenyl ring enhance the anti-inflammatory activity®.
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Figure 14. Benzothiazole derivatives (8)

2.2 COX - 1 inhibition

Ugwu et al., (2018) reported sulphonamide derivatives of benzothiazole, and tested for anti-inflammatory activity. Results indicated
that compound 9a (% inhibition = 89.20) and 9b (% inhibition = 78.50) demonstrated excellent anti-inflammatory activity as
compared to standard drug celecoxib (% inhibition = 61.10). The SAR study indicated that substitution of indole ring at acetamide
moiety improve the anti-inflammatory activity. Molecular docking analysis demonstrated that compound 8a depicted maximum
interaction (docking score = -12.50 kcal/mol) among the studied compounds when docked with COX-1*!,

(8a) (8b)

Figure 13. Substituted sulfonamide clubbed Benzothiazole derivatives (8a and 8b)
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Hashmi et al. (2022) Synthesised disubstituted-benzothiazole and evaluate them for anti-inflammatory activity using carrageenan-
induced paw edema model in rats. Among the studied compound 10a (% inhibition = 59.6) and compound 10b (% inhibition = 54.7)
depicted maximum anti-inflammatory activity. However, activity was found to be significant as standard drug nimesulide (%
inhibition = 63.7). The SAR studies demonstrated that carboxyl group at 4™ position improved the activity™.

N N
Jonat oo
HOOC S HOOC °

(10a) (10b)

Figure 15. Miscellaneous benzothiazoles derivatives (10a and 10b)

2.3 Cannabinoid (CB2) inhibitor

Ghonim et al. (2019) Synthesised a series of benzothiazoles derivatives and evaluated all for anti-inflammatory activity, using CB1
EC50 assay and CB2 EC50 assay. Compound 11a was found to be the most potent anti-inflammatory agent and showed significant
inhibition as compared to standard drug Indomethacin (% inhibition = 75.40). The SAR studies showed that substitution of trifluoro
methyl group at 3" position of phenyl ring enhanced the anti-inflammatory activity. The molecular docking studies of the studied
compound shows that compound 11a showed maximum binding energy when docked with CB2 receptor™.
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Figure 16. Benzothiazole derivative (11a)

2.4 5-L.OX inhibition

Yatam et al. (2018) reported the synthesis of mercapto-benzothiazole integrating 1,2,4-oxadiazole derivatives and biologically
evaluated them using COX-2 and 5-LOX assays. The In-vivo studies indicated that Compounds 12a (IC50 = 6.8 pg/mL) and 12b
(IC50 = 5.0 M pg/mL) were discovered to be strong, selective COX-2 inhibitors with higher anti-inflammatory action than standard
Ibuprofen. Compounds 12c and 12d were showed to be strong inhibitors of 5-LOX (IC50 = 5.1 M and IC50 = 5.5 M, respectively)®.
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Figure 17. Substituted Oxadiazole clubbed Benzothiazole derivatives (12a-12d)
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Haroun et al. (2022) synthesised benzothiazole-based thiazolidinones derivatives investigated for their anti-inflammatory activity by
using carrageenan-paw oedema method and LOX assay. Amongst the studied Compounds, 13a (Inhibitory % = 69.57) depicted
excellent anti-inflammatory activity as compared to standard drug indomethacin (Inhibitory % = 91.0) and compound 13a (Inhibitory
% = 91.00) also exhibited maximum activity in 5-LOX. The SAR studies reveal that substitution of methoxy groups at para position
of benzyl group greatly enhances the anti-inflammatory activity. Molecular docking analysis demonstrated that compound 13a
(docking score = —8.52 kcal/mol), depicted maximum interaction with human 5-LOX".

Figure 18. Substituted Oxadiazole clubbed Benzothiazole derivatives (13a)

2.5 p38a MAP kinase inhibition —

Azam et al. (2013) reported the synthesis of Pyrazolopyrimidines based benzothiazole derivatives, investigated anti-inflammatory
activity using carrageenan induced method in Wistar albino rats. SAR studies revealed that the presence of OH group and N(CHjs),-
C¢H, group at the para position of the pyrazolopyrimidine ring enhanced the activity. Compound 14a showed maximum activity (%
inhibition = 59.6) as compared to the reference drug diclofenac sodium (% inhibition = 62.6). Molecular docking analysis
demonstrated that compound 14a depicted maximum interaction when docked with p38a MAP kinase enzyme*
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Figure 19. Substituted pyrazolopyrimidines based benzothiazoles derivatives (14a)

Tariq et al. (2017) prepared bis-heterocycles containing 1,2,4-triazole-based benzothiazole-2-amines scaffold, and are tested for anti-
inflammatory activity by using BSA denaturation inhibition assay and p38a MAP kinase inhibitory activity. Amongst the studied
Compounds, compound 15a (Inhibitory % = 68.05) depicted better anti-inflammatory activity as compared to standard drug diclofenac
Sodium (Inhibitory % = 65.64). SAR studies revealed that substitution of 2-[(2,6-dichlorophenyl) amino] benzyl group at 3" position
of the triazole moiety increases the anti-inflammatory activity. Molecular docking analysis demonstrated that compound 15a (docking
score =-8.993 kcal/mol), 15b (docking score = -88.14 kcal/mol), and 15c¢ (docking score =-8.673 kcal/mol) depicted maximum
interaction when docked with p38a. MAP kinase®.
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Figure 20. Triazole based benzothiazoles derivatives (15a)

Tariq et al. (2018) reported the 1,2,4-Triazole containing benzothiazoles derivatives, all of the synthesised compounds were initially
tested for anti-inflammatory activity. The in-vitro studies showed that Compound 16a exhibited the maximum anti-inflammatory
activity (% inhibition = 85.36) which is greater than standard drug Diclofenac (% inhibition = 82.54). In-vivo studies also indicated
that compound 16a shows best anti-inflammatory activity (% inhibition = 84.43) as compared to the standard drug diclofenac (%
inhibition = 82.48). SAR studies indicated that the presence of p-fluoro aniline with triazole moiety enhanced the anti-inflammatory

activity. Molecular docking analysis demonstrated that compound 16a depicted maximum interaction (docking score = -7.353
kcal/mol) with p38a MAP Kinase enzyme®.
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Figure 21. Substituted Triazole clubbed Benzothiazole derivative (16a)

2.6 TNF — alpha inhibition

Ravi et al. (2013) — Synthesised fluorinated benzothiazoles derivatives and screened them for In-vivo anti-inflammatory activity using
Carrageenan induced rat hind paw model using reference drug Diclofenac at different time intervals 0,1,2,3 and 4 hours. The most
potent anti-inflammatory activity was showed by compound 17a (% inhibition = 43.42%), 17b (% inhibition = 42.29%), 17c (%
inhibition = 42.28%), and activity was found to be significant as compared to standard drug diclofenac (% inhibition = 38.59%).
Docking studies revealed that among the studied compounds, Compound 17b shows highest binding energy when docked with TNF —

alpha. The SAR studies illustrated that the presence of o-methyl group and p-hydroxy group at the aniline moiety enhances the
activity *.
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Figure 22. Substituted fluorinated derivatives of benzothiazoles (17a-17c)
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Kharbanda et al. (2014) obtained hybrid of pyrazolines clubbed benzothiazoles moiety using a carrageenan-induced paw edoema
model, the anti-inflammatory efficacy of synthetic compounds was evaluated. Among all the studied compounds 19a (% inhibition =
47.8%), 19b (% inhibition = 49.1%), 19c¢ (% inhibition = 45.9%) and 19d (% inhibition = 44.7%) shows significant activity a standard
drug celecoxib (% inhibition = 73.1%). The SAR studies indicated that substitution of phenyl and p-methyl phenyl moiety at the 2"
position of pyrazole enhanced the anti-inflammatory activity. Molecular docking analysis demonstrated that compound 19a and 19b
depicted maximum interactions as compared to standard drug celecoxib with TNF-alpha®.

Figure 24. Substituted Pyrazoline clubbed benzothiazole derivatives (19a-19c)

2.7 Miscellaneous

Kumar et al. (2012) Synthesised N-substituted-3-chloro-2-azetidinones clubbed benzothiazole derivatives, and evaluate anti-
inflammatory activity. Among the studied compound 19a depicted maximum anti-inflammatory activity (% inhibition = 79.93).
However, activity was found to be significant as compared to standard drug ibuprofen (% inhibition = 93.87). SAR studies showed
that the presence of methoxy group at the para position of aniline moiety increased the anti-inflammatory activity
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Figure 25. Substituted Azetidinone clubbed Benzothiazole derivatives (20a)
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Kaur et al. (2012) reported the synthesis of indole-based benzothiazole derivatives, and investigated their anti-inflammatory potential
using the carrageenan induced test (in-vivo). Among these Compound 20a showed the strongest anti-inflammatory action (%
inhibition = 69.2) even greater than reference drug (% inhibition = 63.4%) SAR analysis deduced that substitution of chloro group at
the 3" position of indolyl moiety improved the anti-inflammatory activity®’.
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Figure 26. Substituted Indole based benzothiazole derivatives (21a)

Kumar et al. (2021) obtained the oxazole based benzothiazoles derivatives and these compounds was tested for anti-inflammatory
activity in albino rats. The compound 21c showed highest anti-inflammatory activity (% inhibition = 33.8%), the activity was
found to be significant as compared to the standard drug phenyl-butazone (% inhibition = 66.5). SAR studies deduced that
the substitution of ethyl group at third position of benzothiazole moiety improved the anti-inflammatory activity®.
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Figure 27. Substituted oxazole based benzothiazole derivatives (22a-22c)

Kumar et al. (2015) synthesised 3-benzothiazole-2-carbohydrazide derivatives as anti-inflammatory agent and activity was tested in
Wistar rats using the carrageenan-induced rat paw edoema method. The Compounds 22a (% inhibition = 81.91%), 22b (% inhibition
= 80.23%), 22c (% inhibition = 80.23%), and 22d (% inhibition = 81.54%) have showed equipotent anti-inflammatory action to
standard drug diclofenac (% inhibition = 82.14%) ** The SAR studies demonstrated that substitution of 4-nitro, 3,4-dihydro, 4-iodo
and 3,4-diamino groups on the phenyl moiety increased the anti-inflammatory activity.
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Figure 28. Substituted Oxadiazoles clubbed Benzothiazole derivatives(23a-23d)
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Kumar et al., (2021) obtained the oxazole based benzothiazoles derivatives and tested for anti-inflammatory activity in albino rats.
Among the all studied compounds 10a showed significant anti-inflammatory activity (% inhibition = 34.7%) in comparison with
standard drug phenyl-butazone (% inhibition = 66.5). The SAR studies revealed that the compound with ethyl substitution at third
position of benzothiazole moiety improved the anti-inflammatory activity %,
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Figure 29. Substituted Thiazole clubbed benzothiazole derivative (24a and 24b)

Deodhar et al., (2012) - Synthesised thiazolidine clubbed benzothiazoles derivatives and evaluated their anti-inflammatory activity
using Carrageenin induced hind-paw edema method. The compound 25a (% inhibition = 65.5%) and compound 25b was found to be
the most potent anti-inflammatory agents (% inhibition = 62.29%) which was found significant to be significant as compared to
standard drug Indomethacin (% inhibition = 75.40). The SAR studies showed that the presence of ethyl and methyl groups at the 5"
position of benzothiazole moiety enhanced the anti-inflammatory .

Cl Cl
HsC S H 0o S H o
\C[N%N;/s x HaC/\©:N/>_N;/S X

(252) (25b)
Figure 30. Substituted thiazolidine clubbed benzothiazole derivatives (25a-25b)

Vamsi et al., (2013) reported the synthesis of benzothiazole containing piperidines derivatives and evaluated for their anti-
inflammatory activity. Compounds 26a and 26b showed moderate anti-inflammatory activity. The SAR of the studied compounds
reveals that ethyl piperazine and methyl piperazine enhances the activity and presence of NH group between benzothiazole and
carbonyl group didn’t alter the activity (26¢ and 26d)*.
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Figure 31. Substituted piperidine clubbed benzothiazole derivatives (26a-26d)
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Ravi et al., (2013) Synthesised pyrazolebased derivatives of benzothiazoles and screened them for In-vivo anti-inflammatory activity
with the help of carrageenan induced rat hind paw model. The most potent anti-inflammatory activity is showed by 27b (% inhibition
= 45.52) and 27¢ (% inhibition = 47.80) which is significant as compared to the standard drug (% inhibition = 49.80%). The SAR
studies demonstrated that the substitution of toluidine and piperazine moiety at the 4™ position of benzothiazoles improved the anti-

inflammatory activity®”.
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Figure 32. Substituted Pyrazole clubbed benzothiazole derivatives (27a-27b)

Doma et al., (2014) synthesised pyrimidine clubbed benzothiazole derivatives and evaluated for anti-inflammatory activity in a
carrageenan-induced rat paw edoema model. Among the studied compounds 27b (% inhibition = 63.1%) showed similar anti-
inflammatory activity as compared to standard drug diclofenac (% inhibition = 64.4), SAR revealed substitution of COOH at
benzothiazole moiety increases the anti-inflammatory activity.

(28b)
Figure 33. Substituted Pyrimidine based benzothiazoles derivatives (28a-28¢)

Nalawade et al., (2013) synthesised substituted pyrimido-benzothiazole-3- carboxylate derivatives and tested them for anti-
inflammatory activity using the inhibition of albumin denaturation technique. Compound 29a (% inhibition = 89.47%) compounds
29b (% inhibition = 84.21%) demonstrated very good activity which was found to be significant to the standard drug diclofenac
sodium (% inhibition = 94.73%). SAR illustrated that presence of 3-nitro and 3,4,5-trimethoxy groups on the phenyl ring attached
with pyrimidine ring enhanced the anti-inflammatory activity "
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Figure 34. Substituted Pyrimido-benzothiazole derivatives (29a-29d)

Conclusions -

Benzothiazole is a common pharmacophore in medicinal chemistry. According to this research, there is an increasing interest in the
development of lead or hybrid compounds containing the BTA moiety as an anti-inflammatory and analgesic drug. The current study
investigates the efficacy of Benzothiazole in the treatment of inflammation and pain when combined with azetidinones, indoles,
oxazoles, oxadiazoles, sulphonamides, triazoles, pyrimidines, and pyrazolines. SAR investigations revealed that the anti-inflammatory
and analgesic effect of Benzothiazole scaffolds is complex and difficult to explain. The abundance of research on the anti-
inflammatory character of BTA derivatives discussed in this study, as well as their rationalisation based on these compounds
pharmacological targets, where possible, may be valuable for the creation of novel such drugs.

Refrences -

1.

2.

Arora, K., Khokra, L., Khan, A., & Husain, A. (2018). 3D-QSAR and Pharmacophore ldentification of Benzothiazole
Derivatives as Potent p56 Ick Inhibitors. In Chiang Mai J. Sci (Vol. 45, Issue 2). http://epg.science.cmu.ac.th/ejournal/.
Akhtar J, Khan AA, Ali Z. Structure-activity relationship (SAR) study and design strategies of nitrogen-containing
heterocyclic moieties for their anticancer activities. Eur J Med Chem 2017;5:143-89.

Azam, M. A., Dharanya, L., Mehta, C. C., & Sachdeva, S. (2013). Synthesis and biological evaluation of some novel
pyrazolopyrimidines  incorporating a benzothiazole ring system. Acta Pharmaceutica, 63(1), 19-30.
https://doi.org/10.2478/acph-2013-0001.

Banwala, S., Wadhwa, K., Khokra, S. L., & Husain, A. (2020). Molecular docking of some benzothiazoles derivatives as
anticonvulsant agents. World Journal of Advanced Research and Reviews, 2020(03), 2581-9615.
https://doi.org/10.30574/wijarr.

Deb, P. K., Kaur, R., Chandrasekaran, B., Bala, M., Gill, D., Kaki, V. R., Akkinepalli, R. R., & Mailavaram, R. (2014).
Synthesis, anti-inflammatory evaluation, and docking studies of some new thiazole derivatives. Medicinal Chemistry
Research, 23(6), 2780-2792. https://doi.org/10.1007/s00044-013-0861-4.

Desai, S. J., Prickril, B., & Rasooly, A. (2018). Mechanisms of Phytonutrient Modulation of Cyclooxygenase-2 (COX-2)
and Inflammation Related to Cancer. In Nutrition and Cancer (Vol. 70, Issue 3, pp. 350-375). Routledge.
https://doi.org/10.1080/01635581.2018.1446091.

Devmurari VP, Ghodasara TJ: Synthesis and antibacterial activity of some substituted 2-phenyl benzothiazole. Archives of
Applied Science Research 2010, 2(1): 198-203.

Doma, A., Kulkarni, R., Garlapati, A., & Krishna, R. (2014). Original Research Paper SYNTHESIS AND
ANTIHIINFLAMMATORY ACTIVITY OF NOVEL PYRIMIDINO BENZOTHIAZOLE AMINE DERIVATIVES.
Pharmacophore, 5(2), 331. http://www.pharmacophorejournal.com/.

Dhamak.K.B, Gaware.V.M, Somwanshi S.B 2015, Synthesis and Evaluation of Antifungal Activity of Benzothiazole
Derivatives. International Journal of pharmacy and pharmaceutical research, 3(1),112-124 www.ijppr.humanjournals.com.

22144 ijariie.com 1424


http://epg.science.cmu.ac.th/ejournal/
https://doi.org/10.30574/wjarr
https://doi.org/10.1007/s00044-013-0861-4
https://doi.org/10.1080/01635581.2018.1446091
http://www.ijppr.humanjournals.com/

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Vol-9 Issue-6 2023 IJARIIE-ISSN(O)-2395-4396

Evindar G, Batey RA: Parallel synthesis of a library of benzoxazoles and benzothiazoles using ligand-accelerated Copper-
catalyzed cyclizations of o- halobenzanilides. J. Org. Chem. 2006, 71: 1802- 1808.

Gaba, M., Singh, D., Singh, S., Sharma, V., & Gaba, P. (2015). Synthesis and pharmacological evaluation of novel 5-
substituted-1-(phenylsulfonyl)-2-methylbenzimidazole derivatives as anti-inflammatory and analgesic agents. European
Journal of Medicinal Chemistry, 45(6), 2245-2249. https://doi.org/10.1016/j.ejmech.2010.01.067

Ghonim, A. E., Ligresti, A., Rabbito, A., Mahmoud, A. M., Di Marzo, V., Osman, N. A., & Abadi, A. H. (2019). Structure-
activity relationships of thiazole and benzothiazole derivatives as selective cannabinoid CB2 agonists with in vivo anti-
inflammatory properties. European Journal of Medicinal Chemistry, 180, 154-170.
https://doi.org/10.1016/j.ejmech.2019.07.002

Govindaiah, S., Naha, S., Madhuchakrapani Rao, T., Revanasiddappa, B. C., Srinivasa, S. M., Parashuram, L., Velmathi, S.,
& Sreenivasa, S. (2021). Sulfated magnesium zirconate catalyzed synthesis, antimicrobial, antioxidant, anti-inflammatory,
and anticancer activity of benzo[d]thiazole-hydrazone analogues and its molecular docking. Results in Chemistry, 3.
https://doi.org/10.1016/j.rechem.2021.100197.

Haroun, M., Petrou, A., Tratrat, C., Kositsi, K., Gavalas, A., Geronikaki, A., Venugopala, K. N., & Harsha, N. S. (2022).
Discovery of benzothiazole-based thiazolidinones as potential anti-inflammatory agents: anti-inflammatory activity,
soybean lipoxygenase inhibition effect and molecular docking studies. SAR and QSAR in Environmental Research, 33(6),
485-497. https://doi.org/10.1080/1062936X.2022.2084772.

Hashmi, S., Mishra, A. P., & Scholar, R. (2022). Synthesis and Pharmacological Evaluation of Benzothiazole Derivatives
for Anti-Inflammatory Activity INTRODUCTION (Vol. 25, Issue 4). www.ijppr.humanjournals.com

HEMLATA KAUR, SUNIL KUMAR, INDU SINGH, K.K. SAXENA, ASHOK KUMAR* Medicinal Chemistry Division,
Digest Journal of Nanomaterials and Biostructures, 5(1),67 — 76.

Kaur, H., Kumar, S., Singh, ., Saxena, K. K., & Kumar, A. (2013). SYNTHESIS, CHARACTERIZATION AND
BIOLOGICAL ACTIVITY OF VARIOUS SUBSTITUTED BENZOTHIAZOLE DERIVATIVES. In Digest Journal of
Nanomaterials and Biostructures 5(1),67 — 76.

Kharbanda, C., Alam, M. S., Hamid, H., Javed, K., Bano, S., Dhulap, A., Ali, Y., Nazreen, S., & Haider, S. (2014).
Synthesis and evaluation of pyrazolines bearing benzothiazole as anti-inflammatory agents. Bioorganic and Medicinal
Chemistry, 22(21), 5804-5812. https://doi.org/10.1016/j.bmc.2014.09.028

Khokra, S. L., Seth, S., Garg, S. S., Kaushik, P., Ahmad, A., Khan, S. A., & Husain, A. (2015). Synthesis, Computer Aided
Screening And Pharmacological Evaluation Of 2/3-Substituted-6(4-Methylphenyl)-4,5 Dihydropyridazin3(2h)-Ones, And
Pyridazine Substituted Triazine. 26(4), 200-209.
Https://Doi.Org/10.14499/Indonesianjpharm26iss3pp200Https://Doi.Orag/10.14499/Indonesianjpharm26iss3pp200

Khokra, S. L., Arora, K., Khan, S. A., Kaushik, P., Saini, R., & Husain, A. (2019). Synthesis, Computational Studies and
Anticonvulsant Activity of Novel Benzothiazole Coupled Sulfonamide Derivatives. In Iranian Journal of Pharmaceutical
Research (Vol. 18, Issue 1).

Khokra, S. L., Monga, J., Husain, A., Vij, M., & Saini, R. (2013). Docking studies on butenolide derivatives as Cox-II
inhibitors. Medicinal Chemistry Research, 22(11), 5536-5544. https://doi.org/10.1007/s00044-013-0511-x

Kumar, G., & Singh, N. P. (2021). Synthesis, anti-inflammatory and analgesic evaluation of thiazole/oxazole substituted
benzothiazole derivatives. Bioorganic Chemistry, 107. https://doi.org/10.1016/j.bioorg.2020.104608

Kumar MMJ, V., Kumar M J, V. M., Pharm Sci, J., & Kumar, V. (2012). N-Substituted-3-chloro-2-azetidinones: Synthesis
and characterization of novel anthelmintic agents N-Substituted-3-chloro-2-azetidinones: Synthesis and characterization of
new novel anti-inflammatory agents. In Article in Research Journal of Pharmaceutical, Biological and Chemical Sciences
(Vol. 1, Issue 2) 83-92. https://www.researchgate.net/publication/41394692

Kumar, V., Sharma, S., Husain, A., & Asstt Professor, S. (2015). Synthesis and in vivo Anti-inflammatory and Analgesic
activities of Oxadiazoles clubbed with Benzothiazole nucleus. In International Current Pharmaceutical Journal, November,
4(12): 457-461. http://www.icpjonline.com/documents/\Vol41ssue12/01.pdf.

Mishra, S., Dahima, R., 2019. IN vitro ADME studies OF TUG-891, a GPR-120 inhibitor using SWISS ADME predictor. J.
Drug Deliv. Therapeut. 9 (2-s), 366—369.

Mor, S., Khatri, M., Punia, R., & Jakhar, K. (2023). Synthesis and in vitro antimicrobial evaluation of
benzothiazolylindenopyrazoles. Medicinal Chemistry Research, 32(1), 47-56. https://doi.org/10.1007/s00044-022-02988-7.

Nalawade, S., Deshmukh, V., & Chaudhari, S. (2013). Design, microwave assisted synthesis and pharmacological activities
of substituted pyrimido[2,1-b][1,3]benzothiazole-3-carboxylate derivatives. Journal of Pharmacy Research, 7(5), 433-438.
https://doi.org/10.1016/j.jopr.2013.04.045.

N. Deodhar Menakshi, KUMAR.A, DONGRE.C and D. Kudale Sayali, Analgesic and Antiinflammatory Activity of
Derivatives of 2-Aminobenzothiazole, Asian Journal of Chemistry; Vol. 24, No. 6 (2012), 2747-2752.

22144 ijariie.com 1425



https://doi.org/10.1016/j.ejmech.2010.01.067
https://doi.org/10.1080/1062936X.2022.2084772
https://doi.org/10.14499/Indonesianjpharm26iss3pp200
https://doi.org/10.1007/s00044-013-0511-x
https://doi.org/10.1016/j.bioorg.2020.104608
https://www.researchgate.net/publication/41394692
https://doi.org/10.1007/s00044-022-02988-7
https://doi.org/10.1016/j.jopr.2013.04.045

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

Vol-9 Issue-6 2023 IJARIIE-ISSN(O)-2395-4396

Paramashivappa, R., Kumar, P. P., Rao, P. V. S., & Rao, A. S. (n.d.). Design, Synthesis and Biological Evaluation of
Benzimidazole/Benzothiazole and Benzoxazole Derivatives as Cyclooxygenase Inhibitors, (13) 657-660.

Pratap UR, Mali JR, Jawale DV and Mane RA: Baker’s yeast catalyzed synthesis of benzothiazoles in an organic medium.
Tetrahedron Letters 2009, 50: 1352-1354.

Raghavendra, N. M., Jyothsna, A., Venkateswara Rao, A., & Subrahmanyam, C. V. S. (2012). Synthesis, pharmacological
evaluation and docking studies of N-(benzo[d]thiazol-2-yl)-2-(piperazin-1-yl)acetamide analogs as COX-2 inhibitors.
Bioorganic and Medicinal Chemistry Letters, 22(2), 820-823. https://doi.org/10.1016/j.bmcl.2011.12.062

Ravi, D., Reddy, S., & Priyadarshini, R. L. (2013). Synthesis, characterization and in vivo anti inflammatory activity of
some novel 6-fluorobenzothiazole substituted pyarzole analogues. In Scholars Research Library Der Pharma Chemica
(Vol. 5, Issue 4) 207-212. www.derpharmachemica.com

Refaat, H. M., Khalil, O. M., & Abuel-Maaty, S. M. (n.d.). Synthesis of novel pyridazinyl benzimidazole, benzothiazole and
benzoxazole of expected anti-inflammatory activity.

Rey V, Castro S, Arguello J and Penenory A: Photochemical cyclization of thioformanilides by chloranil: An approach to 2-
substituted benzothiazoles. Tetrahedron Letters 2009, 50: 4720- 4723.

Reddy PVg, Lin YW and Chang HT: Synthesis of novel benzothiazole compounds with an extended conjugated system.
ARKIVOC 2007, (xvi): 113-122.

Shafi, S., Mahboob Alam, M., Mulakayala, N., Mulakayala, C., Vanaja, G., Kalle, A. M., Pallu, R., & Alam, M. S. (2012).
Synthesis of novel 2-mercapto benzothiazole and 1,2,3-triazole based bis-heterocycles: Their anti-inflammatory and anti-
nociceptive activities. European Journal of Medicinal Chemistry, 49, 324-333.
https://doi.org/10.1016/].ejmech.2012.01.032

S. Shafi, M.M. Alam, N. Mulakayala, C. Mulakayala, G. Vanaja, A.M. Kalle, R. Pallu, M. Alam, Synthesis of novel 2-
mercapto benzothiazole and 1, 2, 3-triazole based bisheterocycles: their anti-inflammatory and anti-nociceptive activities,
Eur. J. Med. Chem. 49 (2012) 324-333.

Tariq, S., Alam, O., & Amir, M. (2018). Synthesis, p38a MAP kinase inhibition, anti-inflammatory activity, and molecular
docking  studies of 1,24-triazole-based  benzothiazole-2-amines.  Archiv.  Der  Pharmazie, 351(3-4).
https://doi.org/10.1002/ardp.201700304

Tarig, S., Kamboj, P., Alam, O., & Amir, M. (2018). 1,2,4-Triazole-based benzothiazole/benzoxazole derivatives: Design,
synthesis, p38a MAP kinase inhibition, anti-inflammatory activity and molecular docking studies. Bioorganic Chemistry,
81, 630-641. https://doi.org/10.1016/j.bioorg.2018.09.015

Tale RH: Novel synthesis of 2-arylbenzothiaozles mediated by ceric ammonium nitrate (CAN). Organic Letters 2002, 4(10):
1641- 1642.

Ugwu, D. I., Okoro, U. C., Ukoha, P. O., Gupta, A., & Okafor, S. N. (2018). Novel anti-inflammatory and analgesic agents:
synthesis, molecular docking and in vivo studies. Journal of Enzyme Inhibition and Medicinal Chemistry, 33(1), 405-415.
https://doi.org/10.1080/14756366.2018.1426573

Van Der Plas, H. C., Argyropoulou, I., Geronikaki, A., Vicini, P., & Zani, F. (n.d.). Issue in Honor of Prof Synthesis and
biological evaluation of sulfonamide thiazole and benzothiazole derivatives as antimicrobial agents.

Vamsi Krishna K, Anuradha Bai Sandala, Anil Kumar Garige, Saritha Jyostna, Tangeda and Achaiah Garlapati,
SYNTHESIS OF NEW BENZOTHIAZOLOPIPERAZINES/PIPERIDINES AS ANTI-INFLAMMATORY AGENTS,
Indian Journal of Heterocyclic Chemistry Vol. 22, Jan.-March, 2013, pp. 229-232

Veerasamy, R., Roy, A., Karunakaran, R., & Rajak, H. (2021). Structure—activity relationship analysis of benzimidazoles as
emerging anti-inflammatory agents: An overview. In Pharmaceuticals (Vol. 14, Issue 7). MDPI.
https://doi.org/10.3390/ph14070663.

Wang, S. M., Zha, G. F., Rakesh, K. P., Darshini, N., Shubhavathi, T., Vivek, H. K., Mallesha, N., & Qin, H. L. (2017).
Synthesis of benzo[: D] thiazole-hydrazone analogues: Molecular docking and SAR studies of potential H+/K+ ATPase
inhibitors and anti-inflammatory agents. MedChemComm, 8(6), 1173-1189. https://doi.org/10.1039/c7md00111h

Winter, CA., Risley, EA., Nuss, GW., (1968). Carrageenin-induced edema in hind paw of the rat as an assay for anti-
inflammatory drugs, Proceedings of the Society for Experimental. Biology and Medicine, 111,544-547.

Xiao, H., Li, P., Hu, D., & Song, B. A. (2014). Synthesis and anti-TMV activity of novel 3-amino acid ester derivatives
containing quinazoline and benzothiazole moieties. Bioorganic and Medicinal Chemistry Letters, 24(15), 3452-3454.
https://doi.org/10.1016/j.bmcl.2014.05.073

Xuan-Hong Shi, Zhao Wang, Yong Xia, Ting-Hong Ye, Mei Deng and You-Zhi Xu., Synthesis and biological evaluation of
novel benzthiazole-2-thiol derivatives as potential anticancer agents, Molecules. 2012; 17(1): 3933-3944.

22144 ijariie.com 1426


https://doi.org/10.1016/j.ejmech.2012.01.032
https://doi.org/10.1016/j.bioorg.2018.09.015
https://doi.org/10.1039/c7md00111h
https://doi.org/10.1016/j.bmcl.2014.05.073

Vol-9 Issue-6 2023 IJARIIE-ISSN(O)-2395-4396

49. Yatam, S., Gundla, R., Jadav, S. S., Pedavenkatagari, N. reddy, Chimakurthy, J., Rani B, N., & Kedam, T. (2018). Focused
library design and synthesis of 2-mercapto benzothiazole linked 1,2,4-oxadiazoles as COX-2/5-LOX inhibitors. Journal of
Molecular Structure, 1159, 193-204. https://doi.org/10.1016/j.molstruc.2018.01.060

50. Zheng, X.J., Li, C. S., Cui, M. Y., Song, Z. W., Bai, X. Q., Liang, C. W., Wang, H. Y., & Zhang, T. Y. (2020). Synthesis,
biological evaluation of benzothiazole derivatives bearing a 1,3,4-oxadiazole moiety as potential anti-oxidant and anti-
inflammatory agents. Bioorganic and Medicinal Chemistry Letters, 30(13). https://doi.org/10.1016/j.bmcl.2020.127237

22144 ijariie.com 1427


https://doi.org/10.1016/j.molstruc.2018.01.060

