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A highly regioselective synthesis of 2-aryl-6-chlorobenzothiazoles
employing microwave-promoted Suzuki–Miyaura coupling reaction
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Abstract—Suzuki–Miyaura coupling reactions of 2,6-dichlorobenzothiazole with arylboronic acids, promoted by microwave heat-
ing, efficiently produce 2-aryl-6-chlorobenzothiazoles in a highly regioselective manner. This process serves as the foundation for a
simple method to rapidly construct 2-aryl-6-chlorobenzothiazole libraries.
� 2006 Elsevier Ltd. All rights reserved.
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2-Arylbenzothiazoles have received much attention due
to their unique structures and interesting biological
properties that lead to their use as radioactive amyloid
imaging agents,1 anticancer agents,2 antituberculotics,3

calcium channel antagonists,4 and biological photo-
oxidizing agents.5 Especially interesting are 2-(4-amino-
phenyl)-benzothiazole derivatives (e.g., 1 and 2), which
exhibit potent and selective in vitro antitumor activity
against certain breast, ovarian, renal, colon, and lung
tumor cell lines.2 Although a large number of methods
have been presented for the synthesis of 2-arylbenzo-
thiazole,6,7 the Suzuki–Miyaura coupling reaction8 is
one of the most efficient for this purpose.

In an earlier report, Kumar et al. described the Suzuki–
Miyaura reaction of 2-bromobenzothiazole under con-
ventional heating conditions.9 The use of microwave
heating10,11 to promote these reactions would be of
interest since it would allow for high-speed construction
of products while potentially maintaining a high level of
control of regioselectivity in dual functionalized sub-
strates. In order to test this proposal, we have investi-
gated Suzuki–Miyaura coupling reactions of com-
mercially available 2,6-dichlorobenzothiazole (3)
with arylboronic acids under microwave heating condi-
tions. The results of this effort, presented below, show
that this process can be used to produce a variety of
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2-aryl-6-chlorobenzothiazoles with a high degree of
regiochemical control.
Based on a consideration of the electronic nature of 2,6-
chlorobenzothiazole, we anticipated that the C-2 posi-
tion would be more reactive in palladium-catalyzed cou-
pling processes.12,13 Following a procedure developed
earlier in our laboratory,14 microwave-promoted Suzu-
ki–Miyaura reaction of 2,6-chlorobenzothiazole (3) with
phenylboronic acid (4a) was carried out by using
Pd(PPh3)4 as the catalyst. This reaction efficiently pro-
vides the adduct 6a with excellent regioselectivity. The
structure assignment of 6a was easily made by analysis
of its spectroscopic data. Particularly informative is
the characteristic chemical shift change that occurs at
C-2 in 13C NMR spectrum of 3 (153.8 ppm) and 6a
(168.5 ppm). In an attempt to obtain the bis-adduct,
2,6-diphenylbenzothiazole (7), the Pd(PPh3)4 catalyzed
reaction of 2,6-chlorobenzothiazole (3) with a 3 equiv
excess of phenylboronic acid was performed (Table 1,
entry 1). However, this process provides 2-phenyl-6-
chlorobenzothiazole (6a) exclusively. In contrast, when
reaction of 3 with excess 4a is conducted in the presence
of Pd(PPh3)4 and the biphenyl substituted phosphine 5,
2,6-diphenylbenzothiazole (7) is produced as the major
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Table 1. Suzuki–Miyaura coupling reactions of 2,6-dichlorobenzothiazole (3) with excess phenylboronic acid (4a)a

N

S
Cl

Cl

N

SCl
PhB(OH)2
Pd(PPh3)4

ligand
Na2CO3

dioxane/H2O3 6a
N

S

7

+

Entry Ligand Conditionsa Yield (%)b

6a 7

1 None Microwave, 150 �C, 5 min 65 0
2 5c Microwave, 150 �C, 15 min (6)d 69 (77)d

a Reaction conditions: 2,6-dichlorobenzothiazole 3 (1 mmol), Pd(PPh3)4 (4 mol %), phenylboronic acid 4a (3.0 mmol), Na2CO3 (2.4 mmol), dioxane/
H2O (4 mL/1 mL).

b Isolated yield.
c 2-N,N-Dimethylamino-20-dicyclohexylphosphinobiphenyl (5) was used (8 mol %).

PCy2

Me2N

5

d GC yield.
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product after a prolonged reaction time (entry 2). This
observation suggests that the catalytic activity of palla-
dium is activated by ligation with the biphenylphosphine
5.15
Table 2. Suzuki–Miyaura coupling of 2,6-dichlorobenzothiazole (3) with ary

N

S
Cl

Cl
ArB(OH
Pd(PPh

Na2CO
dioxane/H

μwave, 150 oC3

Entry ArB(OH)2

1 (HO)2B 4a

2 (HO)2B OMe 4b

3 (HO)2B Cl 4c

4 (HO)2B CF3 4d

5
(HO)2B

F
4e

6
(HO)2B

CN 4f
Suzuki–Miyaura reactions of 2,6-dichlorobenzothiazole
(3) with a broad variety of arylboronic acids were
explored. As the results in Table 2 illustrate, these
processes produce coupling products 6a–m in moderate
lboronic acidsa

N

S
Ar

Cl
)2

3)4

3
2O
, 5 min 6

Product Yield (%)b

N

SCl
6a 75

N

SCl
OMe 6b

79

N

SCl
Cl 6c

65

N

SCl
CF3 6d

67

N

SCl

F 6e

77

N

SCl

CN 6f

65



Table 2 (continued)

Entry ArB(OH)2 Product Yield (%)b

7 (HO)2B

NO2

Me

4g
N

SCl

NO2

Me

6g

57

8
(HO)2B

O

O

4h N

SCl

O

O
6h

72

9
(HO)2B F

Me 4i
N

SCl
F

Me 6i

59

10 B

F

NH2

O

O
4j

N

SCl

F

NH2

6j

65

11 (HO)2B

4k
N

SCl

6k

64

12 N(HO)2B
4l N

SCl
N

6l
60

13 (HO)2B
S

4m N

SCl S

6m
64

a Reaction conditions: 2,6-dichlorobenzothiazole (0.5 mmol), ArB(OH)2 (4) (0.6 mmol), Pd(PPh3)4 (4 mol %), Na2CO3 (2.4 equiv), dioxane/H2O
(4 mL/1 mL), microwave, 150 �C, 5 min.

b Isolated yield.

morpholine
Pd2(dba)3
ligand 5

NaOt-Bu
toluene

μwave, 150 oC, 10 min N

SN

8

O
6b

77%

OMe

PhB(OH)2
Pd(PPh3)4
ligand 5
Na2CO3

dioxane/H2O
μwave, 150 oC, 15 min

6b

N

S

9

OMe

96%

Scheme 1.
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to good yields.16 It is noteworthy that the reaction takes
place with both electron-withdrawing and electron-
donating substituted arylboronic acids. However, the
reaction of 4-methyl-3-nitrophenylboronic acid is slug-
gish and provides the mono-adduct 6g in only moderate
yield (entry 7). Suzuki–Miyaura coupling reaction of 3
with the ortho-methyl substituted boronic acid 4i pro-
ceeds smoothly to afford the coupling product 6i in
59% yield (entry 9). To demonstrate that this approach
can be used to prepare aminophenyl-substituted benzo-
thiazole, arylboronic acid 4j17 was reacted with 3 to
form adduct 6j in good yield (entry 10). The process is
also effective with heteroarylboronic acids (entries 11–
13), giving the corresponding coupling products in good
yields.

To demonstrate the overall power of the microwave-
promoted Suzuki–Miyaura coupling reaction, we have
explored the use of the mono-adducts 6, generated in
this manner, as substrates for well-known palladium-
catalyzed reactions (Scheme 1). For example, palladium
catalyzed amination reaction of 6b with morpholine in
the presence of biphenylphosphine 5 under microwave
heating conditions takes place efficiently to furnish 6-
morpholinyl-benzothiazole 8 in 77% yield.18 It is note-
worthy that this amination process occurs at the less
activated 6-chloro position of 6b when the biphenyl
ligand 5 is employed but not when BINAP is used. In
addition, Suzuki–Miyaura reaction of 6b with phenyl-
boronic acid in the presence of 5 provides coupling
product 9 in excellent yield. This result demonstrates
that a sequential Suzuki–Miyaura reaction route can
be used for the synthesis of orthogonally substituted
diaryl-benzothiazoles.
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In summary, we have developed a general and highly
regioselective methodology for the efficient synthesis of
2-aryl-6-chlorobenzothiazoles based on Suzuki–Miya-
ura reactions of 2,6-dichlorobenzothiazole with aryl-
boronic acids under microwave irradiation. In addition,
the chloride functionality in the 2-aryl-6-chlorobenzo-
thiazoles, produced in this manner, can be used to guide
subsequent metal catalyzed transformations to form
interesting target substances. Continuing studies are
underway in our laboratory to biologically evaluate
the benzothiazole derivatives produced in the current
effort.
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