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a b s t r a c t

A facile, high yielding, method for the synthesis of a library of 2-aryl- and 2-heteroaryl-benzoxazoles and
benzothiazoles from readily available Schiff bases is reported employing catalytic amounts of Pd(OAc)2 in
imidazolium ionic liquids (bmim)BF4 and (bmim)PF6 without ligands and/or additives. Simple product
isolation and recycling/re-use of the IL are additional advantages of this method.
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Due to their widespread presence in biologically active natural
products and pharmaceuticals benzoxazole and benzothiazole
structural motifs have received considerable attention from the
synthetic/medicinal chemistry community.1 Fluorinated 2-aryl-
benzothiazoles exhibit notable antitumor and metabolic activi-
ties,2 and it has been suggested that this class of compounds are
metabolized by cytochrome-P450 to reactive nitrenium ions.2b

Apart from their importance in medicinal chemistry, the 2-aryl-
benzoxazoles and benzothiazoles have also been applied in mate-
rials chemistry.3

Transition metal-catalyzed C–H arylation of azoles constitutes a
major strategy in the synthesis of the 2-aryl derivatives.4 The nick-
el-catalyzed reactions use ligands and additives and are performed
in solvents such as dioxane and DMF at high temperatures.4a,b The
Pd(OAc)2-catalyzed reactions also employ ligands and additives,
and are typically performed in DMF, or are used without ligands
in the presence base and various additives.4c–f A copper-mediated
version with Ar-I employed CuI/PPh3/base with DMF as solvent.4g

Another widely employed method for the synthesis of benzox-
azoles and benzothiazoles is via condensation of amino-phenols
and amino-thiols with aldehydes or carboxylic acids, employing
PPA,5a or Lewis acids in solvents such as dioxane, and toluene5b

EtOAc/molecular sieves/heat,5c or by using KCN/DMF,5d with one
ll rights reserved.

: +1 904 620 3535.
.

reported example using FeCl3�6H2O with (bmim)BF4 as co-
catalyst.5e

Oxidative cyclization of phenolic and thiophenolic Schiff bases
constitutes another strategy for the synthesis of substituted benz-
oxazoles and benzothizaoles. For this transformation reagents such
as IBX,5c Pd(OAc)2/CsCO3/DMF/O2,6a or PCC/silica/DCM6b have been
employed. Cyclization of benzothioamides and benzothioureas
using CuCl2/BINAM/base/MeCN,6c Pd2(dba)3/monophosphine,6d

and DDQ/DCM,6e or by photolysis using chloranil in DCE/toluene,6f

have also been reported.
In reviewing these literature methods and considering the re-

agents, solvents, and conditions that have been employed, it is
clear that despite reasonable diversity, development of less reagent
X = O, S
IL = (bmim)BF4 or (bmim)PF6

Scheme 1. Pd(OAc)2-catalyzed synthesis of 2-aryl- and 2-heteroaryl-benzoxazoles
and benzothiazoles.
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Table 1
Pd(OAc)2-catalyzed synthesis of 2-aryl and 2-heteroaryl-benzoxazolesa,b,c

Pd(OAc)2
10 mol%

IL 60-75 oC
4-12 h

N

O
Ar

OH

N Ar

Entry Ar Product IL Time (h) Isolated yield (%)

1a

N

O
(bmim)PF6 6 84

2a O
N

O
O (bmim)BF4 8 80

3b

MeO
N

O

MeO

(bmim)BF4 4 77

4c NO2
N

O
NO2 (bmim)BF4 4 78

5a

O2N
N

O

O2N

(bmim)BF4 9 80

6b N
N

O
N (bmim)BF4 5 85

7b

F
N

O

F

(bmim)PF6 8 72

8c CN
N

O
N (bmim)PF6 8 70

9a

CF3

N

O

CF3

(bmim)PF6 12 74

10b N
N

O
N (bmim)PF6 4 89

11c N
H N

O

N
H

(bmim)PF6 12 68

a Fresh IL was used.
b 2nd cycle.
c 3rd cycle.
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intensive methods that are also environmentally more acceptable
is a desirable goal.

In continuation of our studies on electrophilic and onium ion
chemistry in ionic liquids,7 and in connection to recent works from
our laboratory on Pd(OAc)2-catalyzed Matsuda–Heck arylation,8a

and cross-coupling of polyfluoroarenes with simple aromatics8b

we wish to report a facile, high yielding, method for the synthesis
of 2-aryl- and 2-heteroaryl-benzoxazoles and benzthiazoles start-
ing from the Schiff bases, employing catalytic amounts of Pd(OAc)2

in imidazolium ionic liquids (bmim)BF4 and (bmim)PF6 as solvent,
under very mild conditions without the need for any other additive
and with recycling and reuse of the ILs (see Scheme 1).9,10

The results for benzoxazoles are summarized in Table 1, with
isolated yields ranging from 68% to 85%. Table 2 summarizes the
outcomes for benzothiazoles, with the isolated yields ranging from
68% to 88%.

Typically, the recovered IL could be reused for up to 3 runs be-
fore it had to be set aside for ‘clean-up’, whereupon it could be
recycled and used again in the reaction (see Ref. 10). Reactions per-
formed in the recycled/reused IL led to slightly lower isolated
yields in some cases (see Tables 1 and 2).

A plausible mechanism involving Pd-complexation to imine nitro-
gen followed by cyclization and elimination is outlined in Scheme 2.

In summary, the present Pd-catalyzed approach provides rapid
access to a host of 2-aryl and 2-heteroaryl-benzoxazoles and benz-
thiazoles from readily available Schiff bases, without the need for
ligands, oxidants, additives, or hazardous solvents such as DMF
and dioxane. Given the importance of functionalized 2-arylazoles



Table 2
Pd(OAc)2-catalyzed synthesis of 2-aryl and 2-heteroaryl-benzothiazolesa,b,c

Pd(OAc)2
10 mol%

IL 60-75 oC
4-12 h

N

S
Ar

SH

N Ar

Entry Ar Product IL Time (h) Isolated yield (%)

1a

N

S
(bmim)PF6 10 88

2b O
N

S
O (bmim)PF6 9 80

3c NO2
N

S
NO2 (bmim)PF6 8 75

4a

O2N
N

S

O2N

(bmim)BF4 8 80

5a N
N

S
N (bmim)PF6 8 70

6b

F
N

S

F

(bmim)BF4 12 71

7b CN
N

S
N (bmim)PF6 12 75

8c N
N

S
N (bmim)BF4 10 76

9a

S N

S

S
(bmim)BF4 12 68

a Fresh IL was used.
b 2nd cycle.
c 3rd cycle.
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Where, X = O, S
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Scheme 2. Plausible mechanism for Pd(OAc)2-catalyzed cyclization and b-elimination.
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in medicinal chemistry, the present IL version offers an environ-
mentally more acceptable alternative to the existing methods.
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