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ABSTRACT

Benzothiazole is a heterocyclic organo-sulfur moiety which is weakly basic. Benzothiazole
pharmacophore containing a benzene ring that is combined with a five membered thiazole
ring at position 4 and 5. Benzothiazole and its derivatives demonstrate a huge variety of
pharmacological effects such as anticancer, antimicrobial, antimalarial, antituberculosis,
antidiabetic, anthelmintic, antioxidant, anti-inflammatory, anti-glutamate, antiparkinsonism,
anticonvulsant, muscle relaxant activity, neuroprotective, inhibitors of numerous enzymes. In
this review, we discussed benzothiazole chemistry, recent synthesis procedures and
pharmacological activities of commonly developed benzothiazole derivatives in brief, as well
as numerous structural modifications performed on the benzothiazole ring and privileged
specificities communicated in their biological responses.
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1. Introduction:
The heterocyclic

compound industry, benzothiazole and its derivatives

benzothiazole and its derivatives is a are used as antioxidants and vulcanization

remarkable heterocyclic compound with

medicinal, dyeing, and agricultural

pesticide functions. Antibacterial,
anticancer, anthelmintic, and anti-diabetic
properties have been reported for

benzothiazole and its derivatives [1-3]. In

accelerators. Due to their unusual structure
and application as radioactive amyloid
imaging agents, certain benzothiazoles,
such as 2-aryl benzothiazole, have gotten a
lot of attention [4-5]. The synthesis of

benzothiazole derivatives has piqued the
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interest of academics and scientists [2-4].
Due to its simple chemical structure ease of
synthesis, and significant effects on
biological responses. The tiny and easy
benzothiazole moiety can be found in
compounds used in studies to evaluate new
products  with  promising  biological
properties [1-5]. In this study, we briefly
covered benzothiazole chemistry,
contemporary synthesis processes and
pharmacological  activity of  widely
generated benzothiazole derivatives, as
well as structural modifications to the
benzothiazole  ring and  preference
specificities communicated in biological
responses.
2. Chemistry:

Benzothiazole is a bicyclic structure
made up of nine atoms that contain the
heterocycle 1, 3-thiazole combined to a
benzene ring. The ring benzothiazole has a
methylene group between the sulphur and

nitrogen atoms, which has pharmacological

2 <

Benzene

Thiazole

and biological effects. 2- Benzothiazole
molecules with aromaticity give stability,
hence benzothiazole with an electron-
withdrawing moiety is thermally stable [1-
3]. The colourless, faintly thick liquid
benzothiazole has a melting point of 2°C
and a boiling temperature of 227-228°C.
The concentration of benzothiazole at 25°C
is 1.238 g/ml. Furthermore, it is a weak
base with a huge range of biological,
bioorganic, and medicinal chemistry
activity, as well as drug development
applications. It is relatively stable due to its
aromaticity, despite the fact that it is a
heterocycle with reactive sites that allow
for functionalization [1-5], it’s employed in
industry and for research, and it's quite
useful for the development of numerous
pharmaceutical compounds [4-7]. A huge
number of analogs have been synthesized

with different methods some are discussed

below (Figure 1).

)

Benzothiazole

Figure 1

2.1 Conventional methods of Synthesis:
The 2-substituted Benzothiazole derivatives
have been synthesized by the condensation
reaction  of

aldehyde

2-aminothiophenol  and

derivatives [8-12]. The

condensation reaction of 2-
aminothiophenol and aldehydes is carried
out using homogeneous or heterogeneous
catalysis. Homogeneous acid catalysis is

reported with using H,O» / HCI in ethanol
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at room temperature [8] (Figure 2a) and
acetic at room temperature [10] (Figure

2b), while homogeneous basic catalysis is

30% Hy0,, 37% HCI

reported with ammonium chloride in
methanol/water as a dual solvent system at

room temperature (Figure 2c¢) [12].

NH, O\
(@ @[ . R
SH H

2-Aminothiophenol - Aldehyde derivative

1t, 45-60 min

T

2-substituted Benzothiazole derivative

NHz AcOH, rt, 48H
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2-substituted Benzothiazole derivative

rt, 20-60 min
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T

2-substituted Benzothiazole derivative

Figure 2

2.2 Microwave-assisted Synthesis:

With higher synthetic yields,
systematically shorter reaction times, and
one-step synthesis of numerous typical
multi-step artificial processes, microwave-
assisted organic synthesis improves the
drug innovation and development route
[13]. Microwave-assisted organic synthesis
has forever revolutionized how scientists
think  about

organic synthesis. This

enabling technology is currently in
widespread usage in industry research
centers, and it has been successfully
applied to a number of organic
transformations (14, 15], with
phenyliodonium bis trifluoroacetate (PIFA)
as a catalyst (an oxidant), microwave-
assisted  cyclo-condensation  of  2-

aminothiophenols among aldehyde

derivatives generated a high yield of the

products (Figure 3a) [16]. The 2-
substituted benzothiazole derivatives have
been synthesized via the combination of 2-
aldehydes

aminothiophenol with under

CEM-focused = microwave  irradiation
environment using glycerol as a green
solvent (Figure 3b) [14].
2.3.Green chemistry approach

In recent years, a considerable number of
benzothiazole derivatives have been
synthesized using green chemistry concepts
for environmental protection and resource
utilization [17-19]. Researcher’s attention
has been aroused by the creation of metal-
free catalysts, the use of renewable reaction
materials and reagents, and the realization
of reactions under moderate circumstances

[17-21]. By using p-Toluenesulfonic acid
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(10 mol %) as an effective and efficient
catalyst for the condensation reaction of
aromatic aldehydes with 2-
aminothiophenol in water with moderate to
good yields (Figure 4a) [22] green
chemistry is applied to create 2-substituted
benzothiazole  derivatives. A green

approach to benzothiazole derivative
synthesis utilizing brick-derived clay as a
These

catalyst. derivatives were

NH2 0,
0 C[ voof
SH H

2-Aminothiophenol - Aldehyde derivative

N|-|2

synthesized by a  four-component
condensation reaction that involved benzil,
aldehyde, 2-aminobenzimidazole/2-amino-
6-nitrobenzothiazole, and ammonium
acetate (Figure 4b) [23]. These methods
offer an easy and effective methodology in
terms of mild reaction conditions, clean
reaction profiles, small quantities of

catalyst, and simple workup procedure.

PIFA, E{OH

MW, 80 °C, 15 min

2-substituted Benzothiazole derivative

Glycerol (;[ >_O
MW 100°C, 4-8 min

2-Aminothiophenol Benzaldehydederivative

2-substituted Benzothiazole derivative

Figure 3

(a)
NH2

2-Aminothiophenol Benzaldehyde derivative

p -Toluenesulfonic acid,

2-substituted Benzothiazole derivative

:
7 N\
+NH,0Ac Brick Clay N=
o N S NO
“ EtOH, 70 °C VAR 2
R N
NO,
Benzothiazole Benzaldehyde Benzothiazole derivative
derivative derivative
Figure 4
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3. Pharmacological Activities:
The benzothiazole pharmacophore is a
critical scaffold that exhibits a broad range
of pharmacological actions. Anticancer,

antibacterial, antimalarial, antituberculosis

(a

@

Anti-
Microbial

3.1. Anticancer activity:
Several attempts have been made to modify
the benzothiazole nucleus and synthesize a
large number of benzothiazole derivatives
that act on a variety of molecular targets
such as tyrosine kinase inhibitors,
Cytochrome P-450 inhibitors, heat shock
protein 90 (hsp90) inhibitors, replication
and mitosis inhibitors [1-4]. Choi et al.
synthesized 2-(substituted-phenyl)
benzothiazoles 1 showed topoisomerase-II
inhibitory response through the ICso of 71.7

UM [24]. A series of Benzothiazole amide

Iy

S
1

enzothi

and a variety of other biological properties
have been  demonstrated for the
benzothiazole and its derivatives [1-6]

(Figure 5).

alarial )

Antituberc
ular

erlvatlv

Anti-
cancer

Figure 5

derivatives was discovered as a TRPC6
activator in cell based high throughput
screening [25]. Bhuva along with Kini
synthesized sequence of new 2-phenyl-1, 3-
benzothiazoles 2 that showed inhibitory
activity against tyrosine kinase [26].
Hutchinson synthesized and evaluated
fluorinated 2-(4-aminopheny]l)
benzothiazoles 3 inhibit Cytochrome P-450
(CYP) (Gls5o< InM) in human breast MCF-
7 [27]. Synthesized thiadiazole containing
Benzothiazole and imidazole

thiourea,

derivatives [28].

0 X mw

Flgure 6
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3.2. Antimicrobial activity:
Many problems with currently available
antimicrobial drugs remain unaddressed,
despite substantial efforts to develop new
antimicrobial agents. Because they are still
important adaptable grade of compounds
opposed to microbes, benzothiazoles are
promising framework in favor of future
molecular research [29]. Synthesized 2-(5-
substituted-1, 3, 4-oxadiazole-2-yl)-1, 3-
benzothiazole derivatives 4, 5, and
evaluated for in-vitro antibacterial activity

not in favor of gram-positive and gram-

negative bacteria strain /like B. subtilis,

N N~
Co<H 1

4 5

Bacillus pummels, E. coli in addition to
initiate to acquire large
[30].

advancement in pharmacological activities

spectrum of

antibacterial ~response Discussed

of  benzothiazole nucleus including
antimicrobial response [31]. Synthesized
novel benzothiazole substituted thiazolidinone
derivatives 6 were estimated in support of
their inhibitory capability beside Proteus
mirabilis, S. aureus, Salmonella typhi and
K. pnuemoniae laid out efficient inhibition
noticed four human

regards above

microorganisms [32].

Cl

- 9
|
daculiesvae
0
ON

6

Figure 7

3.3. Antiviral activity:
Antiviral effects of many benzothiazole
analogues have been reported. Many of
these compounds had desirable
pharmacokinetic properties as well as a
broad spectrum of antiviral activity against
a variety of viruses, acting on different
molecular targets such as protease,
helicase, polymerase, reverse transcriptase,
integrase, and neuramidase, and were used
as anti-dengue, anti-hepatitis ¢ virus, anti-
HIV, anti-influenza, and anti-westnile
agents [1-5]. Investigated a series of new
benzothiazole derivatives 7 evaluated for

their antiviral activity by inhibiting HIV

replication [33]. Synthesize a series of 2, 5,
6-substituted benzoxazole, benzimidazole,
benzothiazole, and oxazole (4,5-b) pyridine
derivatives were evaluated for antiviral
activity against HIV-I reverse transcriptase
demonstrated  that

enzyme  results

compound 8 possesses good antiviral
activity (ICso value 0.34 pmol/L) [34].
sulfonamide

of HIV-1

Synthesized benzothiazole

derivatives 9 as inhibitors

protease with improved potency and
antiviral activities by replacement of the
urea moiety by benzothiazole sulfonamide
moiety and also possess

bioavailability [35].

good oral
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3.4. Antimalarial activity:
In the world's subtropical and tropical
climates, malaria is foremost severe global
health troubles. Malaria is originated by
means of four types of malaria parasites,
with Plasmodium falciparum being the
mainly powerful moreover possibly lethal.
Resistance to first-line antimalarials like
chloroquine, mefloquine, and
pyrimethamine is spreading quickly,
necessitating the development of new
antimalarial medicines that are both

effective and inexpensive. Synthesized

rhodacyanines derivatives 10 and evaluated

s, 9
Ly
N

N\

R

R= 4-MeOCgH,CH,CH,Br

@[ )—NH

3.5. Antitubercular activity:
Tuberculosis is an infectious disease

among an elevated mortality rate that is

them on behalf of their in-vitro and in-vivo
antimalarial ~ responses  counter  to
Plasmodium falciparum, K1 and P. berghei
in mice revealed to have extremely shows
potential antimalarial responses [36].
Developed the benzothiazole derivative 11,
which evinced excellent activity against P.
falciparum strains, K1 and W2, with ICso
values fluctuating from 7-22 nM [37].
Synthesized benzothiazole derivative 12
and estimated it beside Plasmodium
falciparum (PfNMT), and displayed>25%
inhibitory action in  opposition to

recombinant PINMT [38].

N N(j
s—

Z
HN

wNM

F 1gure 9

presently the foremost cause of death
among young people, women, and AIDS

patients worldwide. Treating mycobacterial
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infections, notably tuberculosis, has grow
to be a severe difficulty owing to the
appearance of single drug and poly drug-
resistant  strains of  Mycobacterium
tuberculosis [39, 40]. Synthesized new 3-
nitro-2-(sub)-5,12-dihydro- 5-
oxobenzothiazolo[3,2-a]-1,8-naphthyridine-
6-carboxylic acids 13 and estimated in
favor of their antitubercular responses in
vitro and in-vivo beside M. tuberculosis
H37 Rv (MTB) establish to be the mainly
dynamic compound in vitro among MIC of
0.19 and 0.04 uM beside MTB and MTR-
TB, correspondingly [41]. Evaluated a

sequence of benzothiazoline derivatives

o
O=N (o)

CSCN%OH

N

z
(e}

N
T\ .HCl A

designed for antimicrobial activity in
opposition to gram-positive and gram-
negative bacteria, dermatophytes,
Entamoeba histolytica, and in favor of in
vitro and in vivo action in opposition to M.
tuberculosis.  Results confirmed that
compound 14 have the maximum activity
in case of M. tuberculosis [42]. Synthesized
BTA-triazole-pyridine conjugated analogs
15 and estimated in favor of their in vitro
antitubercular action in case of Mtb H37Rv
strain exposed adequate antimicrobial
activity, and the compound displayed
preferable anti-TB action analyzed to

rifampicin [43].
N—

N
4 )
| N
— 1
N

N H

P4

15

Figure 10

3.6. Anticonvulsant activity:

Benzothiazole were initially noticed in
1978 as anticonvulsant agents in opposition
to pentylenetetrazole actuated seizures on

2-(-4-arylthiosemicarbazidocarbonylthio)

benzothiazoles and then  numerous
benzothiazoles  carrying sulphonamide
derivatives synthesized,

benzothiazolamines were synthesized and
evaluated for their action in opposition to

MES (maximum electroshock method)

used in grandmal type of epilepsy and
pentylenetetrazole which create clonic form
of seizures be similar to petitmal type of
epilepsy. Kale reviewed on Recent
Development in Substituted Benzothiazole
as an Anticonvulsant Agent [44].

In the explore of novel anticonvulsant
agents having benzothiazole
phamacophore, [45] synthesized a bunch of
Benzothiazole

coupled  sulphonamide

derivatives.
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3.7. Anti-inflammatory activity: methylthio-1H- Benzimidazoles /

2- 5-

substituted

Several  novel (4'-butyl-3',

dimethylpyrazol-1'-yl)  -6-
benzothiazole were establish to enlist anti-
inflammatory response [46]. A sequence of

2-(2-alkoxy -6-pentadecylphenyl)

HN-o

—~

secia sl
N

benzothiazoles and benzoxazoles from an
anacardic acid [47], Synthetically- tailored
and nature-derived dual for their capability
to hinder human cyclooxygenase and

enzyme (COX-2 and LOX-5) [48].

W

O

Figure 12

3.8. Miscellaneous activities:
The benzothiazole derivatives has been
demonstrated antidiabetic, anthelmintic,

antioxidant, anti-glutamate and
antiparkinsonian, muscle relaxant activities,
neuroprotective, inhibitors of several
enzymes [1-6].
4. CONCLUSION

Benzothiazole is a heterocyclic organo-
sulfur moiety which is weakly basic.
Benzothiazole pharmacophore containing a
benzene ring that is fused with a five
membered thiazole ring at position 4 and 5.
Benzothiazole has been the subject of a
considerable and massive volume of study
successes

with  multiple exceptional

revealing its broad potential applicability as

demonstrate a  wide  variety  of
pharmacological effects such as anticancer,
antituberculosis,

antimicrobial, antimalarial,

antidiabetic, anthelmintic, antioxidant, anti-

inflammatory, anti-glutamate, antiparkinsonian,
anticonvulsant, muscle relaxant activities,
neuroprotective, inhibitors of numerous
enzymes, and have formerly been fruitfully
progressed, marketed, and enormously used
in the health center in the prevention and
treatment of a variety of diseases with little
toxicity, high level bioavailability, and
superior biocompatibility and healing
effects. All of this clearly suggests that
benzothiazole compounds have limitless

therapeutic potential. Excitingly, a growing

amount of benzothiazole derivatives have

medicinal chemistry. A large number of been identified as potential clinical
benzothiazole  and  its derivatives therapeutic  contenders under active
3209
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research and development. This interesting
moiety has the potential to be a variety of
molecular targets, and more research into
this scaffold might lead to even more
promising medical results. This knowledge
is expected to lead to the creation of new
synthetic techniques as well as the
production of better molecules with
improved biological characteristics and
selectivity.
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