
10.1021/ol302902e r 2012 American Chemical Society
Published on Web 11/14/2012

ORGANIC
LETTERS

2012
Vol. 14, No. 23
6004–6007

Efficient 2‑Aryl Benzothiazole Formation from
Aryl Ketones and 2‑Aminobenzenethiols
under Metal-Free Conditions

Yunfeng Liao,† Hongrui Qi,† Shanping Chen,† Pengcheng Jiang,† Wang Zhou,‡ and
Guo-Jun Deng*,†

Key Laboratory of Environmentally Friendly Chemistry and Application of Ministry of
Education, College of Chemistry, Xiangtan University, Xiangtan, 411105, China, and
College of Chemical Engineering, Xiangtan University, Xiangtan 411105, China

gjdeng@xtu.edu.cn

Received October 21, 2012

ABSTRACT

2-Aryl benzothiazole formation from aryl ketones and 2-aminobenzenethiols under metal- and I2-free conditions was described. Various 2-aryl
benzothiazoles were selectively obtained in good yields usingmolecular oxygen as oxidant. DMSOplayed an important role in this transformation.
Functional groups such as methyl, methoxy, fluoro, chloro, bromo and nitro groups were tolerated under the optimized reaction conditions.

Aryl-substituted benzothiazoles are one of the most
important classes of heterocycles and have shown a wide
range of biological activities, such as antitumor, antiviral,
and antimicrobial activities.1 In addition, benzothiazole
moieties have been found frequently in other molecules
such as industrial dyes, natural products, functional ma-
terials, and agrochemical compounds.2 Consequently, de-
velopment of efficient methods for rapid construction of
aryl-substituted benzothiazoles has stimulated consider-
able interest. The conventional methods for the synthesis
of these important compounds typically involve two

approaches. One is the metal-catalyzed intramolecular
cyclization of o-haloanilides or their analogues (Scheme 1, a).3

The second approach mainly involes the condensation of
2-aminobenzenethiol with either a carboxylic acid derivative
under strong acid/high temperature conditions or an aromatic
aldehyde under strong oxidative conditions (Scheme 1, b).4

Recently, Ma and Jiang developed a novel and practical
synthesis of substituted benzothiazoles from 2- haloanilides
and metal sulfides using CuI as catalyst under mild reaction
conditions.5 Meanwhile, aryl-substituted benzothiazoles have
been successfully synthesized by direct C�H activation and
subsequent arylation of benzothiazoles with aryl halides,6

arylsilanes,7 aromatic carboxylic acids,8 aryl boronic acids,9

sodium sulfinates and aryl triflates,10 aldehydes,11 and even
with arene C�H bonds via double C�H activations.12

The preparation of substituted benzothiazoles under
transition-metal free conditions is highly desirable espe-
cially for pharmaceutical purposes due to the low threshold
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residual tolerance of metals. Aromatic ketones are cheap,
commercially available and relatively stable. The sp3 C�H
bond of aromatic ketones can be activated by transition
metals under oxidative reaction conditions.13 Very recently,
the research groups of Wu and Prabhu developed various

efficient approaches for aryl ketone sp3 C�Hbond functio-
nalization under transition-metal-free conditions.However,
in most cases, I2 or N-iodosuccinamide (NIS) is used to
activate the less reactive sp3 C�H bond adjacent to the
carbonyl group in aromatic ketones.14 The preparation of
2-aryl benzothiazoles from aryl ketones under metal and I2
free conditions is a challenge. Herein, we report an efficient
approach for 2-aryl substituted benzothiazoles from 2-ami-
nobenzenethiols and aryl ketones under metal- and I2-free
conditions usingmolecular oxygen as oxidant (Scheme 1, c).
We began our study by examining the reaction of 2-ami-

nobenzenethiol (1a) with acetophenone (2a) in organic
solvents by using molecular oxygen (1 atm) as oxidant at
140 �C. When acetophenone reacted with 1.8 equiv of
2-aminobenzenethiol in the absence of any catalyst, no
desired product 3a was obtained in common organic sol-
vents such as toluene, DMF and chlorobenzene as deter-
mined byGCand 1HNMRmethods (Table 1, entries 1�3).
DMSOwas proved to be an efficient reactionmedia for this
kind of transformation, and the use of DMSO resulted the
desired product 3a in 54% yield together with 30% yield of
acylated adduct 4a (entry 4). A mixture of DMSO with
chlorobenzene was also proved to be good solvent for the
condensation reaction. Good yield was obtained when the
amount of DMSO decreased to 2 equiv, and the desired
product was obtained in 82% yield, and only trace amount
of byproduct 4a was observed (entry 7). DMSO played an
important role for this kind of transformation. Decreasing
the amount of DMSO decreased the reaction yield signifi-
cantly (entry 8). The replacement of chlorobenzene with
other solvents decreased the reaction yield (entries 9�11).

Table 1. Optimization of the Reaction Conditionsa

yield (%)b

entry solvent additive 3a 4a

1 toluene 0 0

2 DMF 0 0

3 PhCl 0 0

4 DMSO 54 30

5 PhCl DMSO (1 mL) 53 13

6 PhCl DMSO (1.5 mmol) 60 trace

7 PhCl DMSO (1.0 mmol) 82 trace

8 PhCl DMSO (0.5 mmol) 50 0

9 toluene DMSO (1.0 mmol) 50 0

10 NMP DMSO (1.0 mmol) 20 1

11 H2O DMSO (1.0 mmol) 28 2

12c PhCl DMSO (1.0 mmol) 59 0

13d PhCl DMSO (1.0 mmol) 65 0

14e PhCl DMSO (1.0 mmol) trace 0

aConditions: 1a (0.9 mmol), 2a (0.5 mmol), solvent (2.0 mL), 16 h,
140 �C under oxygen unless otherwise noted. bGC yield based on 2a

using dodecane as internal standard. cUnder air. dAt 120 �C. eUnder
argon.

Scheme 1. Pathways for 2-Arylbenzothiazole Formation
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Moderate yield was obtained when the reaction was carried
out under an atmosphere of air (entry 12). The reaction
temperature was another important factor for the yield of
the product. The reaction yield decreased to 65% when the
reaction temperature was decreased to 120 �C (entry 13).
Under the optimized reaction conditions, the scope and

generality of the oxidative condensation was explored
(Table 2). Besides acetophenone, other aromatic carbonyl
compounds such as propiophenone (2b), ethyl benzoyla-
cetate (2c) and benzaldehyde (2d) were also successfully
reacted with 1a and gave the desired products in good
yields (entries 2�4). The reactions with aromatic ketones
bearing electron-donating groups at the aromatic ring
proceeded smoothly to give the desired products in good
yields (entries 5 and 6). The position of substituents on
phenyl ring of aryl ketones affected the reaction yield
slightly (entries 8 and 9). Functional groups such as fluoro,
chloro, trifluoromethyl and nitrowerewell tolerated under
the optimized conditions (entries 7�11). Notably, the

coupling of heteroaromatic ketones such as 4-acetylpyr-
idine (2m) and 2-acetylthiophene (2n) with 1a afforded 3j

and 3k in 55 and 60%yields, respectively (entries 13 and 14).
Unfortunately, aliphatic ketones are not suitable substrates
for this kind of transformation under the optimal conditions.
To further explore the scope of the reaction, various

2-aminobenzenethiols were employed to react with 2a

under the optimized conditions (Table 3). A series of
functional groups including methyl, methoxy, chloro and
bromo were well tolerated under the optimal conditions,
and the desired products were obtained in moderate to
good yields (Table 3, entries 1�4). The position of the
substituents on the phenyl ring of 2-aminobenzenethiols
affected the reaction yield significantly, and the use of
2-amino-3-chlorothiophenol (1g) only gave a trace amount
of product (entry 6). An electron-donating group in the
phenyl ring of 2-aminobenzenethiol could improve the
reaction yield slightly, and the reaction of 2-amino-5-meth-
oxythiophenol (1c) with various aromatic ketones all re-
sulted the desired products in good yields (entries 8�11).
To getmore information about the reactionmechanism,

several control experiments were set up under the standard
conditions. The reaction of 2-aminobenzenethiol with
acetophenone in 1 h mainly gave an imine intermediate

Table 2. Reaction of 2-Aminobenzenethiol (1a) with Various
Ketonesa

aConditions: 1a (0.9 mmol), 2 (0.5 mmol), DMSO (1.0 mmol), PhCl
(2.0 mL), 140 �C, 16 h, under oxygen. b Isolated yield based on 2.

Table 3. Reaction of Various 2-Aminobenzenethiols with Aryl
Ketonesa

aConditions: 1 (0.9 mmol), 2 (0.5 mmol), DMSO (1.0 mmol), PhCl
(2.0mL), 140 �C, 16 h, under oxygen. b Isolated yield basedon 2. c 1 equiv
of DMSO was used.
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and the desired product 3a was formed in only 6.8% yield
as determined by GC (Scheme 2, a). However, the desired
product could be improved to 50.7% when the reaction
time was prolonged to 3 h (Scheme 2, b). The reaction of
2-aminobenzenethiol with phenylglyoxal, which is a key
intermediate in the ketone functionalization under I2
promoted oxidative conditions,14 gave a mixture of 3a

and 4a (Scheme 2, c). Further treatment of 4a under the
standard reaction conditions did not yield 3a. This means
the reaction did not take a decarbonylative pathway. In
addition, we performed a 13C labeling experiment under
the optimized conditions with acetophenone-R-13C, and
the desired product 5awas obtained in 80% yield together
with 20% of 6a (Scheme 2, d). On the basis of these
observations, a plausible mechanism to rationalize this
transformation is illustrated in Scheme 3, although the role
of DMSO is not clear at this stage. Condensation of 1a
with 2a generates the corresponding imine intermediateA,
which canbe cyclized to forman intermediateB. Oxidation
of the methyl group generates an aldehyde compound C.
The elimination of a proton and CHO group generates the
final product 3a.
In summary, we have developed an efficient 2-aryl

benzothiazole formation from 2-aminobenzenethiols and
aryl ketones using molecular oxygen as oxidant under
metal- and I2-free conditions. Solvent played an important
role in this transformation, and the best yield was obtained
in a mixture of DMSO/chlorobenzene. Functional groups
such as methyl, methoxy, fluoro, chloro, bromo and nitro
groups were all well tolerated under the optimized reaction
conditions. This method affords a cheap and efficient
alternative route for the rapid synthesis of heteroaromatic
biaryls. The scope, mechanism, and synthetic applications
of this reaction are under investigation.
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