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Abstract—Manganese triacetate is introduced as a new reagent to replace potassium ferricyanide or bromine for radical cyclization
of substituted thioformanilides. 2-Substituted benzothiazoles are generated in 6 min under microwave irradiation.
� 2005 Elsevier Ltd. All rights reserved.
Benzothiazole is a privileged bicyclic ring system.1 Due
to their potent antitumour activity2–5 and other impor-
tant pharmaceutical utilities,6–9 the synthesis of these
compounds is of considerable interests.10 There are
two major routes to benzothiazoles: (1) radical cycliza-
tion of phenylthioformamides promoted by potassium
ferricyanide 11 or bromine;12 (2) Pd-catalyzed cyclization
of 2-bromophenylthioformamides13 (Scheme 1). We re-
port here our studies on using manganese(III) triacetate
to replace potassium ferricyanide or bromine reagents
for radical cyclization.14

Manganese(III) triacetate is an excellent one-electron
oxidant, which has been widely employed to generate
free radicals for cyclization reactions.15 However, report
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Scheme 1.
on Mn(III)-induced thiyl radical reaction is very lim-
ited.16 In this work we also discovered that the thiyl rad-
ical cyclization reaction can be dramatically accelerated
by microwave irradiation.17–20

Initially we explored the reaction of thiobenzanilide (1a),
which was prepared from commercially available benz-
anilide by sulfurization21 with Mn(OAc)3Æ2H2O

22 in gla-
cial acetic acid in 1:1 molar ratio at 110 �C with
mechanical stirring. Unfortunately, trace product was
obtained even if the reaction time was extended to 6 h.
Therefore, we tried to increase the amounts of
Mn(OAc)3Æ2H2O, the result showed that it was favour-
able, when the molar ratio of Mn(OAc)3Æ2H2O and 1a
reached 2:1, product was isolated in 32% yield. It was
characterized to be 2-phenylbenzothiazole by its 1H
NMR, 13C NMR and HRMS spectral data. Based on
the results, the reaction conditions were optimized, the
suitable molar ratio of Mn(OAc)3Æ2H2O/1a and reaction
time were 3:1 and 6 h (Table 1, entry 3), respectively. The
yield cannot be increased even if using more Mn(OA-
c)3Æ2H2O and prolonging reaction time (Table 1).23

In order to shorten the reaction time and increase the
yield, the microwave technology was applied in the
above reaction. As expected, when the solution of 1a
and Mn(OAc)3Æ2H2O in acetic acid was irradiated with
microwave, the reaction was complete in 6 min higher
than conventional heating (Table 1, entry 4). It is obvi-
ous that the microwave accelerates the reaction and im-
proves the reaction yield.
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Table 2. Reaction of arylthioformanilides (1a–f) with Mn(OA-

c)3Æ2H2O under microwave irradiation

Mn(OAc)3.2H2O

AcOH
MW

R1

R2
N
H

Ar

S
R1

R2

S

N
Ar

1 2

Producta Ar R1 R2 Yield (%)b

2a Ph H H 80

2b Ph OCH3 H 75

2c p-F–C6H4 H H 62

2d o-Cl–C6H4 H H 76

2e p-C8H17O–C6H4 OCH3 H 83

2f p-C8H17O–C6H4 Cl H 79

2g p-C8H17O–C6H4 Br H 86

2h p-C10H21O–C6H4 Cl H 88

a All products were characterized by their NMR and MS spectra.
b All products were purified by flash column chromatography.

Table 3.

Mn(OAc)3.2H2O

 AcOH
N
H

S S

N

3a 4a

Ph

O

Ph

O

Entry Solvent Power

(W)

Temp

(�C)
Time

(min)

Molar

ratiob
Yield

(%)c

1 AcOH Conv.a 100 120 1:3 Trace

2 AcOH Conv.a 110 60 1:3 Trace

3 AcOH Conv.a 110 600 1:3 50

4 AcOH 300 110 6 1:3 60

a Conv. = conventional heating.
bMolar ratios = the molar ratios of a-benzoylthioformanilide (3a) and

Mn(OAc)3Æ2H2O.
c Isolated yields.

Table 4. Reaction of a-benzoylthioformanilides (3a–f) with Mn(OA-

c)3Æ2H2O under microwave irradiation

Mn(OAc)3.2H2O

AcOH
MW

R1

R2
N
H

S
R1

R2

S

N

3 4

Ph

O

Ph

O

Producta R1 R2 Yield (%)b

4a H H 60

4b CH3 H 62

4c CH3O H 67

4d Cl H 50

4e Br H 57

4f H Cl 63

a All products were characterized by NMR and MS spectra.
b All products were purified by flash column chromatography.

N
H

Ar

S
R1

R2

N Ar

SH
R1

R2
N Ar

S
.R1

R2

Mn(III)

N

S
Ar

R1

R2

N

S
Ar

R2

R1

.

1

5 6 7

2

Scheme 2.

Table 1.

N
H
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S S

N
Ph

Mn(OAc)3.2H2O

 AcOH

1a 2a

Entry Solvent Power (W) Temp

(�C)
Time

(min)

Molar

ratiob
Yield

(%)c

1 AcOH Conv.a 110 360 1:1 Trace

2 AcOH Conv.a 110 360 1:2 32

3 AcOH Conv.a 110 360 1:3 60

4 AcOH 300 110 6 1:3 80

a Conv. = conventional heating.
bMolar ratios = the molar ratios of thiobenzanilide and

Mn(OAc)3Æ2H2O.
c Isolated yields.
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Furthermore, the reactions of arylthioformanilides 1b–h
and Mn(OAc)3Æ2H2O in acetic acid were performed un-
der microwave irradiation to afford 2-arylbenzothiazoles
2b–h (Table 2).24 The reactions were finished in 6 min.
Their structures were confirmed by 1H NMR, 13C
NMR and HRMS spectral data.

To further evaluate the scope of Mn(III)-promoted
cyclizations, the reaction of a-benzoylthioformanilide
(3a)25 and Mn(OAc)3Æ2H2O was carried out in glacial
acetic acid in 1:3 molar ratio at 110 �C with mechanical
stirring. The results showed that the reaction was slow
(Table 3). Therefore, the same reaction was done under
microwave irradiation, the expected product 2-benz-
oylbenzothiazole (4a) in 60% yield.26 Compounds 3b–
f25 instead of 3a the expected products 2-benzoylbenzo-
thiazoles (4b–f) in good yields (Table 4).

A rational mechanism is proposed for manganese(III)
triacetate-promoted cyclization reactions (Scheme 2).
Arylthioformanilide 1 can exist as thioimidol 5, the later
one reacts with Mn(OAc)3 to produce thiyl radical 6,
while Mn(III) is reduced to Mn(II) at the same time.
Then, 1,5-homolitic radical cyclization of 6 followed
by aromatization of radical 7 gives 2-arylbenzothi-
azole 2.
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In summary, we have developed a highly efficient meth-
od for preparation of 2-arylbenzothiazoles 2 and 2-benz-
oyl-benzothiazoles 4 using manganese(III)-promoted
radical cyclizations of arylthioformanilides 1 and a-benz-
oylthio-formanilides 3 under microwave irradiation.
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