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ABSTRACT ARTICLE HISTORY
Sulfated tungstate catalyzed an efficient and ecofriendly protocol Received 9 August 2021
has been described for the synthesis of 2-substituted benzothiazoles.
The corresponding benzothiazoles were obtained using a condensa-
tion reaction of 2-aminothiophenol with various aldehydes under
ultrasound irradiation at room temperature. Various functional
groups on the 2-aminothiophenol as well as on the aldehydes were
tolerated to provide 2-substituted benzothiazoles derivatives in
excellent yields. The faster reaction rate, solvent-free or mild reaction
conditions, wide functional group compatibility, excellent yields, easy
work-up procedure, and excellent catalyst recyclability are the advan-
tages of this protocol. These advantages make this process more
practicable, cost-effective, and environmentally benign.
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Introduction

Sonochemistry involves the use of ultrasound to promote chemical reactions. It is
widely used in organic chemistry and offers a versatile and facile pathway for a large
variety of organic syntheses. The ultrasound irradiation approach is becoming an
immensely significant process intensification tool for conducting organic synthesis.
This technique is not only simple and safe to conduct but also can assist in preserving
green chemistry concepts.”) Consequently, ultrasound irradiation has been widely used
to accelerate several synthetically useful reactions, especially in heterocyclic compounds
such as pyrazolesm, pyrazolo[3,4,—b]—pyridinone,[4] thiazolidinones,[S] 1,2,4-oxadia-
zoles,°! pyrazolo[1,5-a] pyrimidines,m 2,5-dimethyl-N-substituted pyrroles,[S] and 2,4,5-

trisubstituted imidazoles."!
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Figure 1. Some benzothiazoles drugs.

The synthesis of benzothiazoles structural scaffolds has been an area of vast interest
in recent decades due to their presence in a myriad of bioactive molecules and natural
products™™® The benzothiazoles derivatives show a broad spectrum of significant appli-
cations in agrochemicals and pharmaceuticals industry/drug discovery.!"*) The function-
alized benzothiazoles have been the foremost motif present in various bioactive
compounds and various benzothiazole-containing molecules are marketed as a
renowned drug for the treatment of various types of diseases worldwide (Fig. 1). To cite
a few, Zopolrestat has been used for the treatment of diabetics,!'* Riluzole used for the
treatment of a motor neuron disease amyotrophic lateral sclerosis,!'* 5F-203 exhibit
magnificent antitumor activity,'* Pittsburgh compound-B clinically approved for the
investigational studies of Alzheimer’s disease,'”! Thioflavin-T has been expansively used
for detection of deposited amyloid fibrils in humans,''® GW 610 is a potential antitu-
mor drug, it shows potent and selective inhibitory activity against breast, lung, and
colon cancer cell lines.!"”’

In addition, a benzothiazoles compound displays outstanding electrochemical and
optical properties."® Furthermore, 2-arylbenzothiazoles have potential application in
industrial dyes, organic luminescent materials, and ligands for catalytic reactions.!*"’
Thus, due to the remarkable biological profiles of 2-arylbenzothiazoles, the development
of a proficient and green protocol for the synthesis of 2-substituted benzothiazoles is
greatly desired.

Three common general synthetic strategies have been described for the synthesis of
2-arylbenzothiazoles. The first and the traditional method for synthesis of 2-arylbenzo-
thiazoles is a condensation of 2-aminothiophenol with carbonyl compounds such as
aldehydes, f$-diketones, aryl ketones, carboxylic acids, amides, acyl halides, ff-ketoesters,
p-ketonitriles, and a-ketoacids.*”) The second general method known for the synthesis
of 2-substituted benzothiazoles was cross-coupling and C-H functionalization processes
by using various catalytic systems.”?"! The third effective approach has been established
for the synthesis of 2-arylbenzothiazoles is an oxidative intramolecular cyclization of thi-
obenzanilides.””?! The nitriles are also used as a precursor for the synthesis of benzo-
thiazoles via condensation with 2-aminothiphenol.'”*) However, most of these reported
strategies have their limitations such as high temperature, strongly acidic or oxidative
conditions, the necessity of pre-functionalized starting materials, limited substrate scope,
low functional group tolerance, and less availability of starting materials. Therefore,



SYNTHETIC COMMUNICATIONS® (&) 3631

NH2 O

o T O 10 wt % ST XN
T + Ry—C—H > Rig S\>7R2

SH )))) 5-10 min

rt, Solvent-free

Scheme 1. Synthesis of 2-substituted benzothiazole under ultrasound irradiations.

there is always a need to develop an environmentally benign strategy for the preparation
of 2-substituted benzothiazoles. Herein, we have described the ultrasound-assisted effi-
cient, solvent-free, and green method for synthesis of number functionalized benzothia-
zoles using the recyclable sulfated tungstate catalyst at room temperature.

In the last few years, several research groups have introduced sulfated tungstate as a
mildly acidic, easy to prepare, non-toxic, recyclable, efficient, and heterogeneous green
catalyst. It is used as a heterogeneous and eco-friendly catalyst in a variety of organic
syntheses under solvent-free conditions at ambient temperature. The sulfated tungstate
was successfully used for the amidation, Ritter reaction, Biginelli reaction, Kindler reac-
tion, Strecker reaction, Willgerodt-Kindler reaction, N-formylation, N-tert-butyloxycar-
bonylation, and N-monoalkylation of primary amines, etherification, synthesis of
amidine, 1,3,5-triaryl benzene, and 1,3-dipolar cycloaddition nitro-olefins with NaN3.[24]
To investigate the catalytic potential of sulfated tungstate, we have successfully utilized
it for the synthesis of 2-substituted benzothiazole from 2-aminothiophenol and alde-
hydes under solvent-free conditions at room temperature (Scheme 1).

Result and discussion

The 2-substituted benzothiazoles have been synthesized by condensation of 2-amino thi-
ophenol with aldehydes in the presence of sulfated tungstate catalyst at room tempera-
ture under ultrasound irradiation as drawn in Scheme 1.

The effect of experimental factors comprising type and amount of catalyst and sol-
vents were probed to find the best conditions for this transformation and the results are
summarized in Table 1. For our initial studies, we chose the reaction of 2-aminothiphe-
nol (1a) with benzaldehyde (2a) in presence of 10 wt% sulfated tungstates as a model
reaction to optimize the reaction conditions. To check the suitable solvent for this
transformation, the various reactions were performed in different common solvents
such as DMF, CH,Cl,, THF, DMSO, methanol, ethanol, and water (Table 1, entries
1-7). However, no noteworthy improvement in the yield was observed in DMF,
CH,Cl,, THF, DMSO, methanol, and ethanol (Table 1, entries 1-6). In water, the
desired product 3a was formed in good yield (Table 1, entries 7). This solvent effect
study shows that water can be used as a potential solvent for the synthesis of benzothia-
zole using sulfated tungstate catalyst under ultrasonic irradiation. To our delight, water
is a non-toxic and eco-friendly solvent. When the reaction was performed under solv-
ent-free conditions, product 3a was obtained in an excellent yield (98%) at room tem-
perature (Table 1, entry 8). The usefulness of sodium tungstate was also tested for the
synthesis of benzothiazoles under the optimized conditions and it showed that it is less
efficient than sulfated tungstate in terms of reaction time and product yield (Table 1,
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Table 1. Optimization of the reaction conditions under ultrasonic irradiation®.

NF. 9 Sulfated tungstate N
SH S

rt, ultrasound

1a 2a 3a
Entry Catalyst Solvent Time (min) Yield® (%)
1 10wt% ST DMF 30 47
2 10wt% ST DCM 30 55
3 10wt% ST THF 30 35
4 10wt% ST DMSO 30 45
5 10wt% ST MeOH 30 63
6 10wt% ST EtOH 30 67
7 10wt% ST Water 10 88
8 10wt% ST No solvent 5 98
9 10 wt% Na,WO, No solvent 5 35

“Reagents and conditions: 2-aminothiophenol (1a, 2 mmol), benzaldehyde (2a, 2 mmol), Sulfated tungstate (10 wt%), rt.
Plsolated Yield.

Table 2. Optimization of wt% of the catalyst under ultrasonic irradiation®.

Entry Catalyst (wt%) Time (min) Yield® (%)
1 0 5 NR
2 2 5 37
3 5 5 65
4 7.5 5 82
5 10 5 98
6 15 5 98
7 20 5 97

“Reagents and conditions: 2-aminothiophenol (1a, 2 mmol), benzaldehyde (2a, 1 mmol), Sulfated tungstate (10 wt%), rt.
PIsolated Yield.

entry 9). The examination of solvent was demonstrated that solvent-free condition is
the best condition for the synthesis of 2-substituted benzothiazole under the ultrasound
irradiation. The solvent-free reaction conditions have several advantages such as easy
product separation and catalyst recycling. This study shows that solvent-free conditions
are best for this transformation and therefore these conditions were used for fur-
ther studies.

In addition, the amount of catalyst is also vital for the progress of the reaction. To
understand the role of the catalyst loading on the yield of the product. The first experi-
ment was performed in the absence of sulfated tungstate and it was found that there is
no product formation occurs (Table 2, entry 1). To ensure the catalytic role, the next
experiment was performed in the presence of 2wt% of sulfated tungstate, to our delight;
the reaction proceeded well and offered the expected product (2a) in 37% yield after the
5min (Table 2, entry 2). Furthermore, a systematic increase in catalyst amount from
2wt% to 20 wt% showed an increase in yield of the product (2a) from 37 to 98%, at
stipulated reaction time (5min) (Table 1, entries 2-7). However, the use of 15wt% and
20 wt% of catalyst has shown no substantial effect on the yield of product and reaction
time (Table 2, entries 6-7). The study of the amount of catalyst showed that the 10 wt%
catalyst loading is optimal for this protocol.

We have also studied the effect of power used for ultra-sonication and found out that
40 W is the best for this transformation (Table 3).
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Table 3. Study of a power effect of ultrasonic irradiation®.

Entry Power (W) Time (min) Yield® (%)
1 20 10 83
2 30 10 88
3 35 5 98
4 40 5 98

“Reagents and conditions: 2-aminothiophenol (1a, 2 mmol), benzaldehyde (2a, 1 mmol), Sulfated tungstate (10 wt%), rt.
Plsolated Yield.

After having optimized reaction conditions in hand, we have started exploring the
substrate scope of this protocol for the synthesis of benzothiazole under ultrasonic
irradiation. We have performed the reaction of the wide range of aryl, heteroaryl, ali-
phatic aldehydes with 2-aminothiophenol and 4-chloro-2-aminothiophenol under opti-
mized conditions. The scope of this novel approach is illustrated in Tables 4 and 5.
Pleasingly, aromatic aldehydes containing the electron-donating groups reacted effi-
ciently with 2-aminothiphenol, affording the benzothiazoles products in good yields
(Table 4, entries 2-4). Halogen-bearing aromatic aldehydes also react effectively with 2-
aminothiophenol and the desired products are afforded in excellent yields ((Table 4,
entries 5-9). Gratifyingly, aromatic aldehydes with electron-withdrawing groups also
successfully gave the desired products in excellent yields (Table 4, entries 10-13). It has
been observed that the reactions of aromatic aldehydes containing electron-withdrawing
groups were faster than the aromatic aldehydes bearing electron-donating groups (Table
4, entries 2-4 & 11-13). Particularly, there is no significant influence of steric hindrance
on yields of the desired products such as when the ortho-substituted aromatic aldehydes
reacted effectively and gave the desired product in good yields (Table 4, entries 8-10).
Additionally, this ultrasound-assisted sulfated tungstate protocol displays compatibility
with a variety of functional groups such as methyl, methoxy, dimethylamino, fluoro,
chloro, bromo, trifluoro, nitro, and nitrile (Table 4, entries 2-15). Moreover, the 1-for-
myl naphthalene, 2-formyl naphthalene, and heteroaryl aldehyde also reacted effectively
under the optimized reaction condition and gave the desired products in good yields
(Table 4, entries 14-19).

Afterward, we began investigating the scope of this method by using the 4-chloro-
2-aminothiophenol under the optimized condition. We observe that 4-chloro-2-ami-
nothiophenol reacts successfully with aldehydes to give desired products in good
yields without any interference from the chloro group (Table 4, entries 20-23). The
various aliphatic aldehydes were also reacted efficiently with 2-aminothiophenol and
afforded the desired products in very good yields (Table 5, entries 1-7).

The catalyst recycling and its reusability is an imperative feature of this strategy.
Now, to show the further importance of this protocol we have tested the reusability of
the catalyst using the model reaction of 2-aminothiophenol and benzaldehyde under the
optimized reaction conditions. Since sulfated tungstate is insoluble in ethyl acetate
whereas the products are soluble. After the completion of reactions, the reaction mix-
ture was diluted with ethyl acetate and the sulfated tungstate catalyst was isolated by
simple filtration. After drying the catalyst, it is reused for the synthesis of benzothiazole
in another separate experiment. The product in ethyl acetate was washed with water
and the excess solvent was removed under reduced pressure. It is observed that sulfated
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Table 4. Substrate scope under ultrasonic irradiation using sulfated tungstate®.

. @i""ﬁ o — 10 wt% ST NN =
SOy /
ZsH \_R, gt ~s \ _Fg,

1a-1b 2a-2s 3a-3w
Entry Substratel Substrate2 Product 3 Yield(%)"
N
1 2 . -0 98
R'=H R’=H a
N
2 la , b L~ 95
R =4-Me 3b
N
3 la , ¢ CLCrome 94
R“=4-OMe 3¢
N
2d > NMe,
4 la R 4-NMes @Es . 90
N,
5 la % @EQ ) 96
R’=4-F 2
N,
6 la 2 @EQ C)-e 97
R?=4-Cl i
N
7 la , 28 @EQ e 9%
R?= 4-Br 3g
) Br,
2h N
8 la R o 2Br @[S%% ) 90
3h
Cl
2i N\
9 la Rl @[53%%. ) 93
1
O,N
2 )
10 la R'— 2O, C[Sz' 90
3
N,
AN
11 la , @@ C)-ers 9%
R?=4-CF; -
N
12 la , 2 @Q ) 95
R?=4-CN .
N
2m @NOZ
13 la R?— 4-NO, @s o 9%
CHO O
14 la @[N 95
S
2n 3n
0 N> ‘
A\
15 la . C—O 94
2 30
OHC N N —
A
16 la \Ov @s@“ 94
2p 3p

(continued)
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2All the products were characterized by 'H &'3C NMR.
Blsolated yield of pure product.

Table 5. Substrate scope under ultrasonic irradiation using sulfated tungstate®.

EINHZ o 10 wt% ST @[N\>_
+ RCH ———» R
SH M), rt S

Solvent-free

1a 4a-4g 5a-5¢g
Entry  Substrate 1 Substrate 2 Product 3 Yield(%)"
N,
1 la H;C-CHO ©:S\%CH3 93
4a 5a
la N
2 >—CHO ©:S>—< 9
4b 3u
N,
3 la Peno C—< 4
4c 5¢
N
4 la O O 95
4d 5d
cHO >_Q
5 la d s 94
4e Se

CHO
6 la @J @EZP v 94
af st
CHO
@,
7 la @[: 92
g 5

4

2All the products were characterized by 'H &'3C NMR.
Plsolated yield of pure product.
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Figure 2. Plausible mechanism.

tungstate is reusable and maintained its good level of efficiency even after being reused
five times.

A plausible reaction mechanism for the synthesis of benzothiazoles from 2-amino-
thiophenol and aldehydes is depicted in Figure 2. The protonation of carbonyl oxygen
atoms of aldehydes in the presence of sulfated tungstate causes its electrophilic activa-
tion and making the carbonyl group more susceptible to nucleophilic attack. Then
nucleophilic attack of 2-aminothiophenol on the activated carbonyl groups occurs to
afford the desired product after the air oxidation.

Conclusions

In summary, we have reported the efficient and solvent-free methodology for the syn-
thesis of benzothiazoles from 2-aminothiophenol and aldehydes using sulfated tungstate
catalyst at room temperature under ultrasonic irradiation. The developed method is
applicable for the synthesis of substituted benzothiazole from varieties of functionalized
aromatic, heteroaromatic, aliphatic aldehydes, and 2-aminothiophenol. This strategy has
several advantages such as faster reaction, functional group compatibility, excellent yield,
no column purification, chemo-selectivity, high catalytic activity and recyclability, easy
handling, low corrosiveness, and environmental compatibility. This makes the defined
method is viable, economical, and environmentally friendly. We believed that the illus-
trated method is applicable in organic, material, medicinal, and industrial chemistry.

Experimental section
General procedure for preparation of 2-substituted benzothiazole

A mixture of 2-aminothiophenol (2 mmol) and aldehydes (2 mmol), and sulfated tung-
state (10 wt%) was sonicated at 20 kHz frequency and 35 W power at room temperature
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for desired times (monitored by TLC). After completion of the reaction as indicated on
TLC, the reaction mixture was cooled at room temperature and the crude product was
dissolved in ethyl acetate and the catalyst was isolated by simple filtration. It was then
dried and reused for another reaction. The product in ethyl acetate was washed with
water and excess solvent was removed under reduced pressure. The pure products 2-
substituted benzothiazoles were obtained in 88-98% yield and there is no need to purify
the products by recrystallization or column chromatography.

General procedure for catalyst recycling

A mixture of 2-aminothiophenol (2 mmol) and aldehydes (2 mmol), and sulfated tung-
state (10 wt%) was sonicated at 20 kHz frequency and 35 W power at room temperature
for 5min. After completion of the reaction, the reaction mixture was diluted with ethyl
acetate and the insoluble sulfated tungstate catalyst was isolated by simple filtration.
After drying the catalyst, it was reused for the synthesis of benzothiazole in another sep-
arate experiment. It is observed that sulfated tungstate is reusable and maintained its
good level of efficiency even after being reused five times. The product in ethyl acetate
was washed with water and the excess solvent was removed under reduced pressure to
afford the corresponding product 2a was obtained in 98%, 98%, 98%, 97%, and 97 %
yields after the five successive cycles.

2-(Naphthalen-1-yl)benzo[d]thiazole (3n)

White solid, Yield 95%, mp 78-79°C, FT-IR (v, cm™'): 749, 776, 799, 934, 1,030, 1,092,
1,231, 1,310, 1,437, 1,503, 1,692, 2,930, 3,054; '"H NMR (400 MHz, CDCl;, TMS, ppm) &
7.51-7.47(m, 1H), 7.69-7.58 (m, 4 H), 8.04-7.96 (m, 4H), 8.25 (d, J=8.1Hz, 1 H), 8.98
(d, J=8.5Hz, 1H); >C NMR (100 MHz, CDCl;, ppm) & 121.45, 123.57, 125.04, 125.36,
125.89, 126.40, 126.56, 127.70, 128.46, 129.46, 130.66, 130.81, 131.15, 134.03, 135.45,
154.10, 167.66.; HRMS (ESI) m/z caled. for C;;H,NS [M+H]" 262.0685, found:
262.0678 (Table 3).

2-(Naphthalen-1-ylmethyl)benzo[d]thiazole (5g)
Yellow solid, Yield 92%, FT-IR (v, cm™'): 758, 1,101, 1,280, 1,511, 2,920, 3,080; 'H
NMR (400 MHz, CDCl;, TMS, ppm) 6 4.88 (s, 2H), 7.29 (t, J=7.3Hz, 1H), 7.49-7.41
(m, 4H), 7.54 (d, J=6.7Hz, 1H), 7.68 (d, J=8.0Hz, 1H), 7.88-7.83 (m, 2H), 8.01 (d,
J=8.2Hz, 1H), 8.10-8.08 (m, 1H); ">’C NMR (100 MHz, CDCl;, ppm) & 38.50, 121.50,
122.80, 124.00, 124.80, 125.60, 125.90, 126.00, 126.60, 127.90, 128.60, 133.30, 134.10,
153.20, 171.90.; HRMS (ESI) m/z calcd. for C;gH;,NS [M+H]'T 276.0841, found:
276.0838 (Table 4).

The supporting material contains the full experimental detail, 'H, and '*C NMR spec-
tral data, and spectra. This material can be found via the “Supplementary Content” sec-
tion of this article’s webpage
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