DOI 10.1007/s10593-021-02914-6

Chemistry of Heterocyclic Compounds 2021, 57(4), 369-373

Synthesis of biologically active derivatives

of 2-aminobenzothiazole

Larisa V. Zhilitskaya'*, Nina O. Yarosh'

! Favorsky Irkutsk Institute of Chemistry, Siberian Branch of the Russian Academy of Sciences,

1 Favorsky St., Irkutsk 664033, Russia;
e-mail: lara_zhilitskaya@irioch.irk.ru

Translated from Khimiya Geterotsiklicheskikh Soedinenii,
2021, 57(4), 369-373

Submitted October 27, 2020
Accepted February 17, 2021

N Biologically
\>—NH2 - active
g Multlstage compounds
synthesis

The minireview considers the current trends in the synthesis of some biologically active compounds based on 2-aminobenzothiazole. The
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Benzothiazoles (BTAs) are an important class of
bicyclic heterocycles that play a key role in the design of
biologically active compounds. At the moment, due to the
threat of outbreaks of epidemics associated with the
emergence and spread of various viruses (Zika, Lassa,
SARS-Cov, etc.), modern research and development in
medicinal chemistry and pharmacology based on
benzothiazole derivatives have become especially relevant.
Recently, the number of publications devoted to the
synthesis and study of the pharmacological properties of
2-aminobenzothiazole derivatives has increased significantly.
Several review articles are also devoted to this topic.'
Molecules with a benzothiazole moiety have a pronounced
spectrum of biological activity, exhibiting, along with
antiviral,>” also antimicrobial,® "’ anti—inﬂatmmatory,IO’15

antidiabetic,'*  anal gesic, 1213 antioxidant,*'*'"  anti-
depressant, ' anticonvulsant,'”'® antianginal, ¥ anti-
tumor,”**' immunomodulatory effects. BTA derivatives

also have anthelmintic,*” antimalarial,” fungicidal,G’24

insecticidal,”*** and herbicidal®® effects.

This minireview concisely summarizes the main
methods for the preparation of 2-aminobenzothiazole
derivatives which include both one-pot and multistep
synthesis methods. Their analysis will contribute to the
development of targeted synthesis of benzothiazole
analogs.””**

In a number of recent studies, the synthesis of BTA
derivatives was carried out in the context of the concept of
green synthesis. One-pot multicomponent reactions with
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the participation of 2-aminobenzothiazole are a promising
trend in the synthesis of its bioactive derivatives. They
have a number of advantages: they are simple in
experimental execution, are characterized by high yields of
the target products in a relatively short reaction time, and
more often proceed in the absence of a solvent. In most
reactions, H,O is used as a nontoxic and widely available
solvent which significantly reduces the cost of the process
paving the way for the development of science and
technology of the future.”” In this case, catalytic reactions
are priority, allowing to reduce the impact on the
environment.

One example of a green multicomponent synthesis is the
three-component reaction of 2-aminobenzothiazole with
aromatic aldehydes and 1,3-diketones under microwave
irradiation in the absence of a solvent using Sc(OTf); as an
initiator (Scheme 1).** The method is based on a tandem
reaction involving activation of the carbonyl group, the
Knoevenagel condensation, nucleophilic addition of an
azole followed by intramolecular cyclization to obtain
products 1.

The multicomponent reaction between 2-aminobenzo-
thiazole or its 6-substituted derivatives, indole-3-carb-
aldehyde, and aryl isocyanides in the presence of a
heterogeneous acid catalyst P,O5 on a SiO, support leading
to 3-amino-2-(indol-3-yl)imidazo[2,1-b][ 1,3 benzothiazoles 2
is another example.’' In this case, the strong dehydrating
properties of P,Os/SiO, make it possible to quickly remove
H,O released as a result of the reaction. The authors used a
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green protocol including environmentally friendly protic
solvents (MeOH, EtOH) and easy catalyst regeneration
(washing with hot EtOH and vacuum drying for 1 h,
minimal loss of activity with repeated use) (Scheme 2).
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A similar approach was used by Nouri et al.>* The p-TSA-
catalyzed reaction of 2-aminobenzothiazole, arylglyoxal
monohydrates, and 2-hydroxy-1,4-naphthoquinone in H,O—
Me,CO, 2:1 was carried out in the presence of Et;N (p-TSA—
Et;N, 1:1) at room temperature (Scheme 3). Mild reaction
conditions, readily available catalysts, ease of isolation, and
good yields of compounds 3 (78-84%) ensure the
environmental safety and efficiency of the method.

Scheme 3
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A multicomponent technique for constructing spiro-
heterocycles annulated with biologically active scaffolds
was developed by Kumar et al.”* Specifically, the pseudo-
four-component reaction of 2-amino-6-bromo-4-methyl-
benzothiazole, 4-methoxybenzaldehyde, 4-hydroxycoumarin
in the presence of sulfamic acid for 10 min led to the target
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product 4 in 93% yield (Scheme 4). The proposed
mechanism involves an acid-catalyzed cascade of the
Knoevenagel reaction, condensation of the second
aldehyde molecule with 2-aminobenzothiazole, and Diels—
Alder heterocycloaddition of intermediates. EtOH also
proved to be an effective solvent for the reaction (yield
92%, reaction time 21 min). The synthesis of 11 more
compounds is described.

Scheme 4
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Arab-Salmanabadi** synthesized a series of 20 functio-
nalized bisthiazoles 5 and 6 in high yields (70-90%) via the
reaction of 2-aminobenzothiazole with various a-halo
ketones (bromo ketone, alkyl-2-chloroacetylacetone) in the
presence of a sulfide nucleophile (carbon disulfide, aryl
isothiocyanate) in an inert solvent. The formation of
bisthiazoles involves the addition of carbon disulfide to
2-aminobenzothiazole, condensation of the adduct with
a-halo ketone, enolization of the resulting intermediate, and
cyclization with elimination of HO (Scheme 5).

Scheme 5
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Another method for obtaining the target biologically
active 2-aminobenzothiazole derivatives is a sequential
multistep synthesis based on commercially available
substrates and reagents.

Galochkina et al.> synthesized tricyclic derivatives of
imidazo[2,1-b][1,3]benzothiazolones 7 in two steps
(Scheme 6). In the first step, 2-aminodihydrobenzothiazol-
7-ones were formed in situ in the reaction of 1,3-diketones
with Br, and thiourea which were then involved in the
alkylation reaction with aromatic and heteroaromatic
a-halo ketones followed by intramolecular cyclization.

Bala et al.'” reported on a multistage method for the
preparation of a series of benzothiazole-4-formylpyrazoles
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8 (Scheme 7). Oxidative cyclization of aniline derivatives
with ammonium thiocyanate and Br, followed by
hydrazinolysis of the corresponding 2-aminobenzothiazoles
gave rise to 6-substituted 2-hydrazinylbenzothiazoles, the
subsequent condensation of which with aromatic ketones in
alcohol leads to benzothiazole hydrazones. Hydrazones
were transformed into target products 8 in 65-85% yields
by the Vilsmeier—Haack reaction.
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Tarik et al.'” showed that 2-mercaptobenzothiazole
(captax) or 5-chloro-2-mercaptobenzothiazole can be
successfully used to obtain derivatives of 2-hydrazino-
benzothiazoles. By heating the mercapto derivatives of
benzothiazole in EtOH under reflux and subsequent
condensation of the obtained 2-hydrazinobenzothiazole
derivatives with oxadiazoles in dry pyridine, a series of
unusual 1,2,4-triazoles 9 based on benzothiazol-2-amine
were synthesized in good yields (Scheme 8).
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The formation of new families of biologically active
2.,5,6-trisubstituted 2-aminobenzothiazoles was carried
out by many researchers. For this purpose, the starting
5,6-substituted derivatives of 2-aminobenzothiazole were
synthesized from readily available 3,4-substituted anilines
in the presence of KSCN and Br,. The cyclization was
carried out in ice-cold AcOH, the reaction product was
then acylated with chloroacetyl chloride. The obtained
chloroacetamides were used in reactions with various
heterocyclic compounds.>*'*#*'*> More than 100 examples
are described. Thus, Ozkay et al.'® synthesized a series of
benzothiazole-piperazine derivatives 10 (Scheme 9).
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A similar approach was used by Amnerkar et al.” The
synthesis of amines 11 and their azomethines (Schiff bases)
12 included the steps of acylation of 6-substituted
2-aminobenzothiazoles with chloroacetyl chloride in dry
PhH, cyclization of the acylation product with thiourea in
absolute EtOH, and condensation of amines 11 with
various aromatic aldehydes (Scheme 10). In this work,
20 compounds were obtained in 58-79% yields. It was
noted that both amines 11 and bases 12 exhibited high and
in some cases maximum antibacterial, antifungal, and
anthelmintic activity.
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Indian scientists'' carried out the synthesis of  of 2-aminobenzothiazole derivatives, economical one-pot

6-substituted amide derivatives of 2-aminobenzothiazole
13-15 with high anti-inflammatory activity from 2-amino-
6-nitrobenzothiazole in three steps. The formation of
compounds 13—15 proceeds via the acylation of 2-amino-
6-nitrobenzothiazole by the action of Ac,O in pyridine,
reduction of the nitro group in the acylation product by the
action of SnCl, in H,O followed by substitution of the
amino group hydrogen atom by acyl, sulfonyl, or
carbimide/thiocarbimide groups (Scheme 11).

Liu et al.*® synthesized disulfonamide derivatives 16
also on the basis of 2-amino-6-nitrobenzothiazole. For this,
in the first step, proline activated by EDCI in the presence
of DMAP was introduced into the reaction. Subsequent
reduction of the nitro group (Fe/HCl) made it possible to
obtain acetamide which then underwent sulfonylation at the
amino group (Scheme 12).

Thus, it can be concluded based on the generalization of
the available literature data that the easy functionalization
of the amino group and benzene ring of 2-amino-
benzothiazole makes it possible to classify it as highly
reactive pharmacophore synthon for the design of
potential biologically active compounds. It should also be
noted that, along with multistep methods for the synthesis
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methods with high synthetic potential which are the basis
of modern organic synthesis are being increasingly
developed.
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