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A simple and highly practical method for the synthesis of 2-N-substituted benzothiazoles has been devel-
oped by using nanocopper oxide as a recyclable catalyst. The present tandem process allows to get access
to a wide range of 2-N-substituted benzothiazoles in good to excellent yields by the reaction of 2-iodo
aniline with carbon disulfide and piperidine in presence of KOH as a base and DMSO as a solvent under
ligand-free conditions.

� 2012 Elsevier Ltd. All rights reserved.
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In the arena of heterocyclic chemistry, five-membered fused
heterocycles with amine substituents are important structural
scaffolds being widely employed in the context of medicinal chem-
istry and are applicable in the construction of synthetic reactive
intermediates; for example, third generation antibiotics (cefdinir),
and anti-inflammatory agent (meloxicam). 2-Aminothiazole deriv-
atives are currently used as dopamine antagonists for Parkinson’s
disease (pramipexole).1 These are also useful as pharmaceutically
important molecular entities and are widely used as anti-HIV
agents,2 the PPAR agonists,3 the H3-receptor ligands,4 the nico-
tinic-acetylcholine-receptor ligands,5 anti-bacterial compounds6

(Fig. 1). Due to numerous applications associated with this hetero-
cyclic core unit in diverse fields of therapeutic area, synthesis of
N-substituted benzothiazoles attracted attention of research
chemists. Generally the synthesis of 2-N-substituted benzothiaz-
oles involves the substitution reaction between 2-halobenzothiaz-
oles and corresponding nitrogen nucleophiles.7

However, the aforementioned method utilizes multi-step reac-
tion sequence and harsh reaction conditions for getting desired
products from the commercially available anilines. During the past
decade metal catalyzed cross-coupling reactions have gained more
significance in the synthesis of biologically active building blocks.
This fascinating area of cross-coupling chemistry led many research
groups to develop new catalytic systems to obtain libraries of new
ll rights reserved.
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molecules. In this context, Punniyamurthy and co-workers de-
scribed the synthesis of 2-aminobenzothiazoles by copper catalyzed
intermolecular C–S bond formation from 2-aminobenzothioureas
which were obtained from corresponding isothiocyanates and
amine derivatives.8 Other catalytic systems such as copper,9

silver10, and palladium11 have also been developed to generate
2-aminobenzothiazoles. Very recently Ma et al. described an elegant
protocol employing CuCl2�2H2O as a catalyst for the synthesis of
2-N-substituted benzothiazoles via domino intermolecular conden-
sation reaction of dithiocarbamate salt with 2-iodoanilines.12 Even
though, the reported methods serve the purpose of obtaining
2-N-substituted benzothiazoles, these reported catalytic systems
are not recyclable. In continuation of our work in the field of
cross-coupling reactions,13 herein we describe an inexpensive,
air-stable, and recyclable nanocopper oxide as a catalyst for the
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Figure 1. Structures of bioactive 2-N-substituted benzothiazoles.
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Scheme 1. Possible reaction course for the formation of 2-N-substituted benzothiazoles from N-nucleophiles, CS2, and 2-haloanilines.
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Scheme 2. Screening of reaction conditions for the reaction of 2-iodoaniline,
carbon disulfide, and piperidine.
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Scheme 3. Screening of reaction conditions for the reaction of 2-iodoaniline,
carbon disulfide, and benzyl amine.
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synthesis of 2-N-substituted benzothiazoles under ligand-free
conditions.

In general, dithiocarbamate salts [C] are prepared by reacting
amine with carbon disulfide in the presence of base (Scheme 1).
These salts are tried as novel coupling partners to provide dithio-
carbamates [E] on cyclization reaction with 2-haloanilines [D].
The amine group of [E] in turn on cyclization with the C–S group
provide expected products [F] which yield cyclic dithiocarbamates
[G] or 2-N-substituted benzothiazoles [H] upon elimination of an
amine HNRR0or hydrogen sulfide, respectively.

Recently heterogeneous catalysts have become attractive both
from economic and industrial points of view when compared to
homogeneous catalysts. The high surface area and reactive mor-
phologies of nanomaterials allow them to be effective catalysts
for organic synthesis. Copper oxide nanoparticles (CuOnps) have
the advantages of recyclability, easy work-up, and cleaner reaction
profiles apart from lack of necessity of external ligands which min-
imize the organic waste generation as compared to the conven-
tional catalytic systems.

Initially, a model reaction was attempted with monosubstituted
2-iodoaniline with piperidine as a coupling partner. In general, the
reaction proceeded well with these substrates to deliver the 2-
substituted benzothiazole in good to excellent yields.14 The result
demonstrated that both the electronic features and the orientation
of the additional substituent on the 2-haloaniline have limited
influence on this cascade reaction. 2-Bromoanilines also under-
went this transformation, although they required higher reaction
temperatures than the corresponding iodides, and the products
were formed in slightly lower yields. The synthesis of trisubsti-
tuted and disubstituted benzothiazoles indicate that this method
enables the introduction of functional groups at 4-, 5- and 6-posi-
tions of benzothiazoles. We further explored the generality of the
present method by varying the secondary amine and found that
thiomorpholine, Boc-protected piperazine were also compatible
with this process. Thus, benzothiazoles were formed in 61–80%
yield in this process.

Another notable characteristic of this reaction is that, functional
groups, such as chloro, fluoro, and trifluoromethyl substituent’s
also remain intact under the reaction conditions. This advantage
makes our method a very useful tool for the assembly of bioactive
benzothiazoles. Indeed, the product tert-butyl 4-(benzo[d]thiazol-
2-yl)piperazine-1-carboxylate could be used for the synthesis of
serotonin-receptor modulators, PDE4 inhibitors, modulators of
metabotropic glutamate receptor 5 (mGluR5), and the anti-HIV
agent compound.

Various other N-nucleophiles were also examined for this pro-
tocol. When benzylamine was treated with 2-iodoaniline under
the described reaction conditions, the desired product N-ben-
zylbenzo[d]thiazol-2-amine was obtained in only 10% yield
(Schemes 2 and 3) (Table 1).

It was observed that the yield could be improved to 80% if ben-
zylamine was first treated with carbon disulfide at 0 �C, and the
reaction mixture was heated after the addition of 2-iodoaniline.
These modified conditions were found to be suitable for primary
amines. Further investigations revealed that 2-(1H-pyrrol-1-
yl)benzo[d]thiazole could be constructed from the corresponding
pyrrole as a nucleophilic coupling partner. This method enables
the formation of 2-N-substituted benzothiazoles with variable sub-
stituents and may find broad application in organic synthesis. All
the products were confirmed by 1H, 13C NMR spectroscopy12 and
compared with authentic samples reported in the literature.15

The recyclability of nanocopper oxide was examined and the re-
sults are summarized in Table 2. To check the recyclability the cat-
alyst, it was centrifuged from the reaction mixture and dried in
vacuo and was reused for further catalytic reactions. The yields
of 2-N-substituted benzothiazoles after two to three recycles were
almost same without loss of catalytic activity. The native and used



Figure 2. TEM images of (a) native CuO nanoparticles, (b) CuO nanoparticles after
three cycles.

Table 1
Formation of 2-N-substituted benzothiazoles by reacting with 2-iodobenzamine with
carbon disulfide and N-nucleophiles

Entry Reactant = I Reactant = II Product Yieldc

(%)
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S
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a Reaction conditions: A mixture of 2-iodoaniline (0.5 mmol), CS2 (0.6 mmol), an
N-nucleophile (0.6 mmol), CuO nanoparticles (0.5 mmol), and KOH (1.5–2 mmol) in
DMSO (3 mL) was stirred at 110 �C for 6 h.

b Reaction conditions: A mixture of an N-nucleophile (0.6 mmol), CS2 (0.6 mmol),
KOH (1.5–2 mmol) at 0 �C at 3 h after that 2-iodoaniline (0.5 mmol), CuO nano-
particles (0.5 mmol), in DMSO (3 mL) was stirred at 110 �C for 6 h.

c Isolated yields.

Table 2
Recyclability of CuO nanoparticlesa

NH2

I
+ +

S

N
NH

KOH DMSO 6h, 110oC
CS2

NH2

Recycles Yieldb (%) Catalyst recovery (%)

Native 80 97
2 77 95
3 75 92

a Reaction conditions: A mixture of an N-nucleophile (0.6 mmol), CS2 (0.6 mmol),
KOH (1.5–2 mmol) at 0 �C for 3 h after that 2-iodoaniline (0.5 mmol), CuO nano-
particles (0.5 mmol), in DMSO (3 mL) was stirred at 110 �C for 6 h.

b Isolated yield.
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CuO nanoparticles were analyzed by TEM analysis. It was observed
from the TEM studies that the used CuO nanoparticles were intact
in size and shape even after three cycles as compared to the native
catalyst (Fig. 2).
Conclusion

In conclusion, we have developed a nanocrystalline CuO cata-
lyzed coupling of 2-iodoaniline, carbon disulfide, and nitrogen
nucleophile under ligand-free conditions in good yields. This new
coupling reaction underlines the potential of using nanocrystalline
CuO as userfriendly, inexpensive, and efficient catalyst for the cou-
pling of C–S. The catalyst can be easily recovered and reused.
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