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Abstract: Benzothiazole derivatives have emerged as an important class of heterocyclic
compounds in medicinal and pharmaceutical chemistry due to their wide range of biological
properties and structural versatility. In recent years, significant progress has been made in
developing efficient synthetic strategies that enhance yield, selectivity, and functional
diversity of benzothiazole-based compounds. This comprehensive review highlights the latest
advancements in synthetic methodologies for benzothiazole compounds. The review further

discusses the biological activities exhibited by these compounds.
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Introduction: -

Medicinal chemistry has transformed into a highly interdisciplinary domain that
amalgamates principles of organic chemistry, biochemistry, pharmacology, and molecular
biology to formulate and enhance therapeutic molecules with superior safety and efficacy.
The study of heterocyclic compounds is fundamental to contemporary medical chemistry,
since their structural diversity, chemical reactivity, and biological significance render them
essential in drug discovery and development. A heterocyclic compound is defined as any
organic molecule that possesses a cyclic structure or an aromatic ring in conjunction with
heteroatoms, like nitrogen, oxygen, or sulfur. Heteroatoms significantly affect electrical
distribution, three-dimensional shape, and intermolecular interactions, rendering heterocycles
highly versatile in their binding to biological targets. The possible heterocyclic systems are
almost infinite, with about half of the million molecules cataloged in the Chemical Abstracts
database including at least one heterocyclic ring. Their ring sizes vary from basic five-
membered structures to intricate fused systems such as quinolines, illustrating the enormous

range of chemical possibilities. Heterocyclic compounds are ubiquitous in nature and
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essential to all life forms. Crucial biomolecules—such as hemoglobin and bile pigments, folic
acid and biotin, along with amino acids like proline, histidine, and tryptophan—possess
heterocyclic structures that govern essential metabolic functions. Hormones like serotonin
and histamine, along with nucleic acid bases (pyrimidines and purines) that constitute the
backbone of DNA and RNA, also originate from heterocyclic systems. A variety of
phytoconstituents, including chlorophyll, carbohydrates, and vitamins such as Bi, B2, Bs, B,
Bi2, E, and C, contain heterocycles that incorporate oxygen, nitrogen, or sulfur. These
naturally occurring systems highlight the essential biological importance and evolutionary
favor for heterocyclic frameworks.

Benzothiazoles have become significant scaffolds in medicinal chemistry among the
extensive variety of heterocycles. The benzothiazole ring structure, comprising a fused
benzene and thiazole moiety, has distinctive chemical diversity and considerable biological
promise owing to the inclusion of nitrogen and sulfur heteroatoms. Compounds with the
benzothiazole nucleus are well documented for their broad pharmacological spectrum,
encompassing antibacterial, anti-inflammatory, anticancer, antitubercular, antidiabetic,
antiviral, antileishmanial, antioxidant, and CNS-active effects. Structural alterations to the
benzothiazole ring provide the precise adjustment of electronic properties, lipophilicity, and
receptor-binding attributes, rendering it an optimal framework for producing derivatives with
improved therapeutic effectiveness. Benzothiazole derivatives demonstrate significant
potential in addressing medication resistance and enhancing specificity towards molecular
targets, which is crucial given the rise of microbial threats and chronic inflammatory
conditions. The synthesis of new bioactive benzothiazole derivatives remains a focal point of
extensive research, especially for antibacterial and anti-inflammatory purposes. Therefore,
the present review focuses on the recent advancements in the synthesis strategies and

biological activity of benzothiazole derivatives.
Review on the Synthesis of Benzothiazole Derivatives: -

Hugerschoff (1901) reported that substituted anilines could undergo cyclization with

liquid bromine in chloroform, resulting in the formation of 2-aminobenzothiazoles.

Bry
O = Tl
MH2

Johanson and Hamilton (1949) synthesized 2-amino-6-substituted-mercaptobenzothiazole
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using bromine as a catalytic agent.
S
Br2 SIUNTTR N
“«’ NH NH, CHC'S 8

Alaimo  (1971) successfully prepared 2-amino-5,6-dichloro- and 2-amino-6,7-

dichlorobenzothiazole.
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Lin and Kasina (1981) reported the synthesis of 6-substituted 2-aminobenzothiazoles using p-

substituted anilines as starting materials.
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Naim et al. (1991) obtained a series of benzothiazoles through the oxidative cyclization of

thioureas with bromine.

KSCN N
H—NH,
S

R= OH, O, ALKYLS
X=CO

Dogruer et al. (1998) synthesized 2-amino-6-fluoro-7-chlorobenzothiazole.

N
KSCN
T - D—NH,
Br2 S
Cl Cl

Several recent studies have also demonstrated the utility of bromine as a catalyst. Stuckwisch

(2002) synthesized 2-amino-6-substituted benzothiazoles using Br. and potassium

0
1 i - N\>—NH
R —
pZ KSCN 2
NH, S

thiocyanate.
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Patel and Agravat (2006) synthesized a diverse array of 2-(5 or 6)-substituted

aminobenzothiazoles.

N
NH4SCN N
R

2 Br,

Bose et al. (2006) reported the formation of benzothiazoles in the presence of DMP and
dichloromethane at room temperature. This solid-phase method allows combinatorial
synthesis of heterocycles and operates via a thiyl-radical mechanism, yielding oxybis-
benzothiazole in high efficiency. The mild conditions, short reaction time, operational
simplicity, and environmental compatibility make this strategy particularly attractive.

R e s DMP, CH:Cl» @N\}_@
] - I
s - R
e r.t., 15 min P g wﬂ“|f
R R,

85-95%

Downer et al. (2008) demonstrated that, under mild conditions, aryl radical cations serve as
intermediates during the intramolecular cyclization of thiobenzamides to form

benzothiazoles.

T PIFA 7
————= Ry R
HJ\G—m r.t., 30 min Z s>_ '
P
26-98%
Guo et al. (2009) synthesized a variety of benzothiazole derivatives using H>O. and HCI as
catalysts in ethanol at room temperature (1 h). The optimal substrate ratio was 1:1:6:3 for 2-
aminothiophenol, aromatic aldehyde, hydrogen peroxide, and hydrochloric acid, respectively.

Its advantages include short reaction time, high yields, and easy product isolation.

NH; 30% Ha0/ 37% HCI (6:3) N
+  R-CHO - R
SH r.t.. 4560 min s

B5-94%

Kumar et al. (2009) reported that condensation of 2-aminobenzenethiol to form benzothiazole
derivatives is facilitated by polystyrene-supported iodine acetate catalysts. The catalyst is
easily prepared and allows combinatorial synthesis of heterocycles without loss of diversity
during the synthetic sequence. After use, the catalyst can be regenerated via conversion to

polymer-supported iodobenzene and subsequently back to poly(4-diacetoxyiodo)styrene
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(PDAIS) without loss of catalytic efficiency.

\H oo PS-1(0Ac), AN =

e 2 2 H i -
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H"\-.;_’./ ""SH R{J‘-\H‘\-f:- r.l., 5-10 mln = -S —

90-95%
Maleki et al. (2010) discovered that NH4Cl efficiently catalyzes the reaction between 2-
aminothiophenol and benzaldehyde, producing benzothiazoles in high yields in a methanol-
water mixture at room temperature within 1 hour. This environmentally friendly method
offers short reaction times, good yields, and a recyclable catalyst, making it consistent with

green chemistry principles.

MHLCI (70 mol %6)0; air

R
+ - - W T
SH OHC = r.t., 20-60 min g YR

64-92%

Feng et al. (2010) prepared a new series of 2-substituted benzothiazoles under the reaction
conditions shown in the accompanying figure. A broad range of functional groups was
tolerated, and excellent yields were obtained. This method is advantageous due to the absence
of transition metals, mild reaction conditions, extensive functional group compatibility, and

short reaction times.

H
1
m - I } 1
i R S 80 °C/115°C/130 °C, 2 h Z#~8
2

25-95%

Praveen et al. (2012) demonstrated that microwave-assisted conditions can significantly
enhance the synthesis of benzothiazoles. Compared to conventional thermal heating,
microwave irradiation accelerates reaction rates, improves product yields, and broadens

substrate compatibility, making it an efficient alternative for benzothiazole construction.

N2 PIFA (1.05 equiv), EtOH N
“‘«-u-’:ﬁﬁ“'-EH MW, 80 ®C, 15 min Rt~
59-92%

Cheng et al. (2012) established an aerobic visible-light photoredox method for the synthesis
of 2-substituted benzothiazoles. Their investigations into the scope of this novel

photocatalytic transformation revealed excellent functional-group tolerance, high selectivity,
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and notable reaction efficiency. The process is particularly appealing due to its mild

conditions and minimal environmental impact.
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A room-temperature strategy for synthesising 2-arylbenzothiazole derivatives was developed
by Maphupha et al. (2018), offering a straightforward and operationally simple approach.

Qd
NH; /J Laccase, O M —
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SH = uffer S — R

acetonitrile, acetate b

56-88%
Xu et al. (2018) introduced an innovative photochemical cyclization method for the synthesis
of benzothiazoles. Remarkably, this transformation proceeds without the use of photoredox

catalysts, transition-metal catalysts, or bases, making it an environmentally benign

R
5 TEMPO, visible light R S
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NT R CHCly, Ny, 12h N

H

alternative.

30-95%
Merroun et al. (2019) developed an efficient and green synthetic method for benzothiazole
formation via the condensation of 2-aminothiophenol with various aromatic aldehydes using
SnP20- as a heterogeneous catalyst. The catalyst exhibited excellent reusability, maintaining
its activity for at least five cycles. The reactions proceeded rapidly (8—-35 min) with high

yields ranging from 87-95%.

C[N Ha Q E1OH, SnP,0; N
* "JJ\ " ::)_Fl‘
aH R™ "H reflux, §-35 min S

87-95%

Bhat et al. (2019) explored a rapid microwave-assisted synthesis of 2-aryl-
benzothia(oxa)zoles through condensation reactions. Microwave irradiation resulted in
significantly shorter reaction times and improved yields compared to traditional heating
methods. The solvent-free nature of the procedure further enhances its environmental

compatibility.
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Bouchet et al. (2019) reported that riboflavin can function as an efficient photosensitizer in
the synthesis of benzothiazoles. As an inexpensive, naturally occurring reagent, riboflavin
proved to be a superior photocatalyst compared to many transition-metal systems. This
method not only afforded the desired products efficiently but also tolerated a wide range of
functional groups, providing an environmentally friendly strategy potentially valuable to the
pharmaceutical industry.

R@ i RFTA, K,5,0¢ SN =
g HJ\©—R1 MeCHM, Nz, Ifue LED - R@S@F‘q
68-97%

Gao et al. (2020) summarized recent advances in green synthetic approaches for
benzothiazole derivatives. Their review highlighted emerging trends, future prospects, and
the growing emphasis on environmentally responsible benzothiazole synthesis.
Ivanov et al. (2024) reported the synthesis of a new series of compounds obtained by
coupling 2-aminobenzothiazole with various profen derivatives. Their in-vitro biological
evaluation revealed notable anti-inflammatory and antioxidant activities, comparable to
established standard drugs. Collectively, the findings indicate that these newly synthesized
hybrids possess promising biological properties and exhibit strong affinities toward HSA.
Among them, the hybrid formed between 2-aminobenzothiazole and ketoprofen (compound

3b) demonstrated exceptional potential.

o}

H >—NSAID NSAID: Ibuprofen
Ketoprofen
/ NH Maproxen
Carprofen
N

Flurbiprofen
Mohamed-Ezzat and Elgemeie (2025) reviewed the synthetic strategies employed for
developing novel, therapeutically targeted benzothiazole derivatives. Their discussion
highlights the emergence of various benzothiazole-based structures as potent bioactive
agents, underscoring their relevance in advancing therapeutic research. The review compiles
contemporary synthetic approaches for anti-neurodegenerative, anti-inflammatory, antitumor,

antimicrobial, and antiviral benzothiazoles, alongside summaries of the biological evaluations
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of these newly developed compounds. Structural modifications and hybridization with
complementary pharmacophores have further enhanced the pharmacological efficacy and
selectivity of benzothiazole derivatives. Numerous approved and investigational
benzothiazole-based drugs, as well as newly synthesized molecules, have demonstrated
promising preclinical and, in some cases, clinical outcomes. However, to successfully
translate these heterocyclic molecules into effective therapeutic agents, continued research is
necessary to deepen understanding of their structure—activity relationships (SAR), molecular
mechanisms, and in vivo performance. Integration of computational methodologies, advanced
drug-delivery systems, and environmentally friendly (green) synthetic techniques is expected
to further accelerate the development of safer and more efficacious benzothiazole-based
pharmaceuticals.

Bora et al. (2025) synthesized a series of benzothiazole-containing benzohydrazide
derivatives to investigate how structural modifications influence the pharmacological profile,

therapeutic efficacy, and toxicity reduction associated with benzothiazole-based drug

S =z | NH,-NH, C[ '\>;rm
HS e —— i \
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candidates.
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Review on the Biological Activity of Benzothiazole Derivatives: -

In 2001, Gopkumar et al. reported the synthesis of several benzothiazolyl derivatives,
which were subsequently evaluated for their antimicrobial properties. Their findings
indicated that derivatives bearing chlorine and p-methoxyphenyl substituents exhibited
excellent antimicrobial activity, while those containing methyl and p-methoxyphenyl groups

also demonstrated comparatively high activity.
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Oketani et al. (2001) investigated the in-vitro pharmacological profiles, including anti-
inflammatory activity, of newly synthesized benzothiazole derivatives. Their study revealed
that certain benzothiazole—pyridazinone derivatives displayed low to moderate anti-
inflammatory effects, whereas the pyrazole-substituted benzothiazole compounds exhibited
marked anti-inflammatory potency.

HO

S
/>—NHMe
N

X R=H, CI, F, CHs, OCH;
SRR erLs
1 N7 CHACH,CH,CH;
: ; :CH20H20H20H3

R=H.CLF,CHs, OCHs
2
Bhusari et al. (2008) synthesised benzothiazole derivatives intended for antibacterial and
antitubercular applications. Compounds containing chloro and carboxyl substituents showed
notable antibacterial activity against B. subtilis and E. coli. Antifungal activity was also
observed for derivatives incorporating chloro and methoxy groups. Regarding antitubercular

action, derivatives possessing chloro or bromo substituents were more effective than those

Argyropoulou et al. (2009) synthesised a series of benzothiazole derivatives and reported

containing nitro groups.

Hs

2

significant antimicrobial activity, with MIC values ranging from 0.3 to 100 pug/mL. Among
the tested organisms, B. subtilis exhibited the highest sensitivity. Notably, derivatives

containing nitro substituents were identified as the most active compounds within the series.
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In another contribution, Bondock et al. (2009) synthesized benzothiazole-containing
derivatives and evaluated their antibacterial and antifungal activity. Incorporation of the
benzothiazole moiety into pyrimidine derivatives via acid—-amine coupling enhanced
biological activity. Several pyrazole-conjugated benzothiazoles also demonstrated remarkable
antimicrobial effects when compared to standard reference drugs.
o N 0 M
1’ =N N }—t Q
N 4
Or 7 O
g 5
Soni et al. (2010) synthesised Schiff bases of triazole-conjugated benzothiazoles and
screened them against various bacterial strains. Derivatives containing 4-hydroxy, 4-
dimethylamino, and 3,4-dimethoxy substituents showed the highest antibacterial activity. In

contrast, substitution with nitro or chloro groups at the para position decreased activity,

indicating that strong electron-withdrawing groups reduce antibacterial efficacy.

5H JH 1]
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Saeed et al. (2010) synthesised a range of benzothiazole derivatives and evaluated them for

Y
s b

antibacterial and anticancer properties. The biological response varied depending on the
nature of substituents, with some derivatives demonstrating stronger antifungal than
antibacterial activity. Benzothiazoles bearing a nitro group at the C-5 position displayed MIC
values of 10 pg/mL against both bacterial and fungal strains. SAR analysis confirmed that
electron-withdrawing substituents enhanced antimicrobial potency. Cytotoxicity assays
(MTT-based) further showed notable anticancer effects, particularly against MCF-7 and

HeLa cell lines.
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Studies by Alang et al. (2010) indicated that derivatives containing halogen substituents at
the ortho-position exhibited superior antifungal activity compared to those with para-methoxy

substituents.

CHy

Lagishetty et al. (2013) developed sulfonamido-benzothiazole derivatives and screened them
against a range of bacterial and fungal organisms. Most of the compounds demonstrated
promising bioactivity.

NH,
NH,

Ibrahim et al. (2022) reported the synthesis of BMM and its corresponding metal complexes,
which were thoroughly characterized using spectroscopic, thermogravimetric, X-ray
diffraction (XRD), and elemental analysis techniques. Multiple experimental observations
confirmed the coordination number and overall geometry of the complexes. The Co(lll) and
Ru(l1l) complexes were suggested to adopt an octahedral configuration. Furthermore, the
results indicated that complexes C: and Ca exhibited significantly higher nuclease activity and
moderate DNA-binding intercalation ability compared to complexes C: and Cs. Viscosity
measurements, electronic absorption spectra, and fluorescence-quenching studies collectively
verified DNA interaction and intercalative binding modes. The cytotoxic properties of

complexes Ci—Cs4 were also assessed in vitro against several human cancer cell lines,
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followed by detailed evaluation of complexes C. and Ca. Their toxicity and safety profiles

were further studied in vivo in mice. Antimicrobial screening using the well-diffusion method

revealed that, relative to the free ligand, all complexes displayed only weak antimicrobial

activity.
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Kashyap et al. (2023) reviewed the synthesis, SAR, and mechanisms of action of
benzothiazole derivatives reported between 2018 and 2022 for antibacterial applications. The
of

review also summarized recent patents concerning the antimicrobial

Their

potential
benzothiazole-based molecules. findings provide valuable guidance for the
development of novel antibacterial agents utilizing the benzothiazole scaffold. Similarly,
Yadav et al. (2023) presented a comprehensive overview of the synthesis and biological
activities of benzothiazole derivatives, offering an important resource for researchers in
synthetic chemistry and drug discovery, and encouraging further exploration toward
enhancing the pharmacological performance of benzothiazole-based compounds.

Mahajan et al. (2024) synthesized and structurally characterized a series of benzothiazole
derivatives using various spectroscopic techniques. Molecular docking studies were
conducted to predict binding affinities toward key microbial enzymes, offering insights into
the probable mechanisms of action. Biological evaluation included antifungal and
antibacterial assays against selected strains. Compounds Ai, Az, A4, As, and As showed
significant antifungal activity against A. niger and C. albicans (NCIM 3102), with
Amphotericin-B as the standard. Additionally, compounds Ai, A2, and As demonstrated
promising antibacterial activity against E. coli (ATCC 25922) and S. aureus (ATCC 29737),
compared with ciprofloxacin. These findings indicate that specific structural variations in the
benzothiazole core enhance antimicrobial potency, suggesting their promise as therapeutic
leads. Further optimization and in vivo validation are recommended to fully explore their

clinical potential.
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Conclusion: Benzothiazole derivatives continue to attract considerable attention due to their
broad spectrum of biological activities and their potential applications in modern drug
discovery. This review highlights the substantial progress achieved in recent years through
the development of innovative and sustainable synthetic methodologies. These strategies
have not only improved efficiency, selectivity, and scalability but also expanded the
structural diversity of benzothiazole compounds, enabling the exploration of new derivatives
with enhanced therapeutic relevance. The reviewed studies demonstrate that benzothiazole
scaffolds exhibit significant pharmacological properties. Despite the promising outcomes,
challenges remain in terms of toxicity, selectivity, and clinical translation. Future research
should focus on integrating computational drug design, high-throughput synthesis, and
mechanistic biological studies to accelerate the development of clinically viable
benzothiazole-based therapeutics. Overall, the advancements summarized in this review
reaffirm benzothiazole derivatives as a valuable chemical framework with significant

potential to contribute to the next generation of therapeutic agents.

Reference: -

1. Alaimo, R. The Preparation and Characterization of 2-Amino-5,6-Dichloro and 2-
Amino-6,7-Dichlorobenzothiazole. J. Heterocycl. Chem. 1971, 8, 309-310.
https://doi.org/10.1002/jhet.5570080226.

2. Alang, G.; Kaur, G.; Kaur, R.; Singh, A.; Tiwari, R. Synthesis, Characterization, and
Biological Evaluation of Certain 6-Methyl-2(3H)-Benzo-1,3-Thiazolyl-1'-Ethylidene-

Volume 13, Issue 12, 2025 Page

No:18



https://doi.org/10.1002/jhet.5570080226

10.

11.

12.

Volume 13,

2-(0, p-Substituted Acetophenones) Hydrazine Analogs. J. Young Pharm. 2010, 2 (4),
394-398. https://doi.org/10.4103/0975-1483.71636.
Argyropoulou, 1.; Geronikaki, A.; Vicini, P.; Zani, F. Synthesis and Biological

Evaluation of Sulfonamide Thiazole and Benzothiazole Derivatives as Antimicrobial
Agents. Arkivoc 2009, 1-12. https://doi.org/10.3998/ark.5550190.0010.611.

Bhat, R.; Karhale, S.; Arde, S.; Helavi, V. Acacia Concinna Pod-Catalyzed Synthesis
of 2-Arylbenzothia(oxa)zole Derivatives. Iran. J. Catal. 2019, 9, 173-179.

Bhusari, K. P.; Amnerkar, N. D.; Khedekar, P. B.; Kale, M. K.; Bhole, R. P. Synthesis
and In Vitro Antimicrobial Activity of Some New 4-Amino-N-(1,3-Benzothiazol-2-

yl)benzenesulphonamide Derivatives. Asian J. Res. Chem. 2008, 1, 53-58.

Bondock, S.; Fadaly, W.; Metwally, M. A. Synthesis and Antimicrobial Activity of
Some New Thiazole, Thiophene and Pyrazole Derivatives Containing Benzothiazole
Moiety. Eur. J. Med. Chem. 2010, 45 9), 3692-3701.
https://doi.org/10.1016/j.ejmech.2010.05.018.

Bora, R.; Kemisetti, D. P.; Alam, F.; Ghosh, A.; Dutta, A.; Roy, S.; Judder, M. I.

Synthesis, In Silico and Pharmacological Activity of 1,3-Benzothiazol Derivatives. J.
Young Pharm. 2025, 17 (1), 138-148. https://doi.org/10.5530/jyp.20251339.

Bose, D. S.; Idrees, M. Hypervalent lodine Mediated Intramolecular Cyclization of

Thioformanilides: Expeditious Approach to 2-Substituted Benzothiazoles. J. Org.
Chem. 2006, 71, 8261-8263. https://doi.org/10.1021/jo0609374.

Bouchet, L. M.; Heredia, A. A.; Arguello, J. E.; Schmidt, L. C. Riboflavin as
Photoredox Catalyst in the Cyclization of Thiobenzanilides: Synthesis of 2-Substituted
Benzothiazoles. Org. Lett. 2019, 22, 610-614.
https://doi.org/10.1021/acs.orglett.9b04384.

Cheng, Y.; Yang, J.; Qu, Y.; Li, P. Aerobic Visible-Light Photoredox Radical C—H
Functionalization: Catalytic Synthesis of 2-Substituted Benzothiazoles. Org. Lett.
2012, 14, 98-101. https://doi.org/10.1021/012028866.

Dogruer, D.; Unli, S.; Sahin, M.; Yesilada, E. Anti-Nociceptive and Anti-

Inflammatory Activity of Some (2-Benzoxazolone-3-yl and 2-Benzothiazolone-3-
yl)acetic Acid Derivatives. Farmaco 1998, 53, 80-84.

Downer-Riley, N. K.; Jackson, Y. A. Conversion of Thiobenzamides to
Benzothiazoles via Intramolecular Cyclization of the Aryl Radical Cation.
Tetrahedron 2008, 64, 7741-7744. https://doi.org/10.1016/j.tet.2008.06.023.

Issue 12, 2025 Page No0:19



https://doi.org/10.4103/0975-1483.71636
https://doi.org/10.3998/ark.5550190.0010.611
https://doi.org/10.1016/j.ejmech.2010.05.018
https://doi.org/10.5530/jyp.20251339
https://doi.org/10.1021/jo0609374
https://doi.org/10.1021/acs.orglett.9b04384
https://doi.org/10.1021/ol2028866
https://doi.org/10.1016/j.tet.2008.06.023

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Volume 13,

Feng, E.; Huang, H.; Zhou, Y.; Ye, D.; Jiang, H.; Liu, H. Metal-Free Synthesis of 2-
Substituted (N, O, C) Benzothiazoles via an Intramolecular C—-S Bond Formation. J.
Comb. Chem. 2010, 12, 422-429. https://doi.org/10.1021/cc9001839.

Gao, X.; Liu, J.; Zuo, X.; Feng, X.; Gao, Y. Recent Advances in Synthesis of
Benzothiazole Compounds Related to Green Chemistry. Molecules 2020, 25 (7), 1675.
https://doi.org/10.3390/molecules25071675.

Gopkumar, P.; Shivakumar, B.; Jayachandran, E.; Nagappa, A. N.; Nargund, L. V. G,;
Gurupadaiah, B. M. Indian J. Heterocycl. Chem. 2001, 11, 39.

Guo, H. Y.; Li, J. C.; Shang, Y. L. A Simple and Efficient Synthesis of 2-Substituted
Benzothiazoles Catalyzed by H.O/HCI. Chin. Chem. Lett. 2009, 20, 1408-1410.
https://doi.org/10.1016/j.cclet.2009.06.037.

Hugerschoff, H. Einwirkung von Halogenen auf Thioharnstoffe. Chem. Ber. 1901, 34,
3130-3135.

Ivanov, I.; Manolov, S.; Bojilov, D.; Stremski, Y.; Marc, G.; Statkova-Abeghe, S.;

Oniga, S.; Oniga, O.; Nedialkov, P. Synthesis of Novel Benzothiazole—Profen Hybrid
Amides as Potential NSAID Candidates. Molecules 2024, 30 (1), 107.
https://doi.org/10.3390/molecules30010107.

Johanson, F. E.; Hamillton, C. S. Certain Derivatives of 2-Aminobenzothiazole. J. Am.
Chem. Soc. 1949, 71, 74-T76.

Kashyap, P.; Verma, S.; Gupta, P.; Narang, R.; Lal, S.; Devgun, M. Recent Insights

into Antibacterial Potential of Benzothiazole Derivatives. Med. Chem. Res. 2023, 32
(8), 1543-1573. https://doi.org/10.1007/s00044-023-03077-z.
Kumar, A.; Maurya, R. A.; Ahmad, P. Diversity-Oriented Synthesis of Benzimidazole

and Benzoxa/(Thia)zole Libraries through Polymer-Supported Hypervalent lodine
Reagent. J. Comb. Chem. 2009, 11, 198-201. https://doi.org/10.1021/cc8001876.
Lagishetty, V.; Manda, S.; Enaganti, S. Synthesis and In Silico Assessment of Novel

Benzothiazole Series against Human DNA Topoisomerase I. Int. J. Comput. Appl.
2013, 69, 1-7. https://doi.org/10.5120/11875-4832.

Lin, A. J.; Kasina, S. Synthesis of 3-Substituted 7-(3,3-Dimethyl-1-triazeno)-10-
methylphenothiazines as Potential Antitumor Agents. J. Heterocycl. Chem. 1981, 18,
759-761.

Mahajan, B. D.; Marwadi, M. S.; Jadhav, P. B.; Ige, P. P. Design, Synthesis and
Biological Evaluation of Benzothiazole Derivatives for Antimicrobial Activity. J.
Chem. Health Risks 2024, 14 (4), 1-9.

Issue 12, 2025 Page No0:20



https://doi.org/10.1021/cc9001839
https://doi.org/10.3390/molecules25071675
https://doi.org/10.1016/j.cclet.2009.06.037
https://doi.org/10.3390/molecules30010107
https://doi.org/10.1007/s00044-023-03077-z
https://doi.org/10.1021/cc8001876
https://doi.org/10.5120/11875-4832

25

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

Volume 13

. Maleki, B.; Salehabadi, H. Ammonium Chloride as a Mild and Efficient Catalyst for

the Synthesis of Some 2-Arylbenzothiazoles and Bisbenzothiazole Derivatives. Eur. J.
Chem. 2010, 1, 377-380. https://doi.org/10.5155/eurjchem.1.4.377-380.165.
Maphupha, M.; Juma, W. P.; Koning, C. B.; Brady, D. A Modern and Practical
Laccase-Catalysed Route Suitable for the Synthesis of 2-Arylbenzimidazoles and 2-
Arylbenzothiazoles. RSC Adv. 2018, 8, 39496-39510.
https://doi.org/10.1039/C8RAQ7377E.

Merroun, Y.; Chehab, S.; Ghailane, T.; Akhazzane, M.; Souizi, A.; Ghailane, R.
Preparation of Tin-Modified Mono-Ammonium Phosphate Fertilizer and Its

Application as Heterogeneous Catalyst in Benzimidazoles and Benzothiazoles
Synthesis. React. Kinet. Mech. Catal. 2019, 126, 249-264.
https://doi.org/10.1007/s11144-018-1446-5.

Mohamed-Ezzat, R. A.; Elgemeie, G. H. Synthetic Strategies Towards Benzothiazole-

Based Compounds of Therapeutic Potency: Experimental, Investigational and
Approved  Drugs. RSC  Adv. 2025, 15  (49),  41724-41832.
https://doi.org/10.1039/d5ra03993b.

Naim, S. S.; Singh, S. K.; Sharma, S. Synthesis of 2-Cylamino-6-Substituted
Benzothiazoles as Potential Anthelmintic Agents. Indian J. Chem., Sect. B 1991, 30B,
494-498.

Oketani, K.; Nagakura, N.; Harada, K.; Inoue, T. Eur. J. Pharm. 2001, 422, 209.

Patel, N. B.; Agravat, S. N. Synthesis and microbial studies of 2-[(3"-

Trifluoromethylphenyl)amino]-3-[N2-(substituted benzothiazolyl) carbonyl] pyridines.
Orient. J. Chem. 2006, 22, 333.

Praveen, C.; Nandakumar, A.; Dheenkumar, P.; Muralidharan, D.; Perumal, P.
Microwave-assisted one-pot synthesis of benzothiazole and benzoxazole libraries as
analgesic agents. J. Chem. Sci. 2012, 124, 609-624. https://doi.org/10.1007/s12039-
012-0251-3.

Saeed, S.; Rashid, N.; Jones, P. G.; Ali, M.; Hussain, R. Synthesis, characterization

and biological evaluation of some thiourea derivatives bearing benzothiazole moiety as
potential antimicrobial and anticancer agents. Eur. J. Med. Chem. 2010, 45(4), 1323—
1331. https://doi.org/10.1016/j.ejmech.2009.12.016.

Sharma, O.; Shrivastava, B.; Singla, R. K.; Varadaraj Bhat, G. Synthesis and

antimicrobial activity of some novel pyrimidine-2,4(1H,3H)-diones. 2011.
Singh, S. P.; Vaid, R. K. Indian J. Chem. 1986, 25B, 288.

, Issue 12, 2025 Page No:21



https://doi.org/10.5155/eurjchem.1.4.377-380.165
https://doi.org/10.1039/C8RA07377E
https://doi.org/10.1007/s11144-018-1446-5
https://doi.org/10.1039/d5ra03993b
https://doi.org/10.1007/s12039-012-0251-3
https://doi.org/10.1007/s12039-012-0251-3
https://doi.org/10.1016/j.ejmech.2009.12.016

36.

37.

38.

39.

40.

Volume 13,

Soni, B.; Ranawat, M. S.; Sharma, R.; Bhandari, A.; Sharma, S. Synthesis and
evaluation of some new benzothiazole derivatives as potential antimicrobial agents.
Eur. J. Med. Chem. 2010, 45(7), 2938-2942.
https://doi.org/10.1016/j.ejmech.2010.03.019.

Stuckwisch, C. Derivatives of 2-Amino-6-methoxybenzothiazole. J. Am. Chem. Soc.
1949, 71, 3417. https://doi.org/10.1021/ja01178a043.

Syed lIbrahim, G.; Prakasha Gavisiddegowda, H.; Nagaraju Deepakumari, N.; Shiva

Prasad Kollur, N.; Naik, N. Newly synthesized benzothiazole derived ligand and its
Co(I11) and Ru(l11) complexes as biological potent molecules: Chemical preparation,
structure, antimicrobial, in vitro and in vivo cytotoxicity studies. Biointerface Res.
Appl. Chem. 2022, 12(6), 7817—-7844. https://doi.org/10.33263/briac126.78177844.
Xu, Z. M.; Li, H. X.; Young, D. J.; Zhu, D. L.; Li, H. Y.; Lang, J. P. Exogenous
photosensitizer-, metal-, and base-free visible-light-promoted C—H thiolation via
reverse  hydrogen atom transfer. Org. Lett. 2019, 21, 237-241.
https://doi.org/10.1021/acs.orglett.8b03679.

Yadav, K. P.; Rahman, M. A.; Nishad, S.; Maurya, S. K.; Anas, M.; Mujahid, M.
Synthesis and biological activities of benzothiazole derivatives: A review. Intell.
Pharm. 2023, 1(3), 122-132. https://doi.org/10.1016/j.ipha.2023.06.001.

Issue 12, 2025 Page No0:22



https://doi.org/10.1016/j.ejmech.2010.03.019
https://doi.org/10.1021/ja01178a043
https://doi.org/10.33263/briac126.78177844
https://doi.org/10.1021/acs.orglett.8b03679
https://doi.org/10.1016/j.ipha.2023.06.001

