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An efficient method for the synthesis of 2-(2 -hydroxyphenyl)benzoxazole has been developed by using
palladium-mediated oxidative cyclization.
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2-(20-Hydroxyphenyl)benzoxazole (HBO) has emerged to be an
interesting material, due to its intrinsic property for the excited
state intramolecular proton transfer (ESIPT). A distinctive feature
of the HBO derivatives is that their fluorescence is well separated
from their absorption maxima, leading to unusually large Stokes’
shift.1 Utilization of this feature has resulted in various applica-
tions including chemical sensors for zinc(II)2,3 and anions,4 and
electronic devices.5 The benzoxazole group also occurs in many
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biologically active compounds such as anticancer agents,6 antibac-
terial agents,7 and Alzheimer’s disease therapeutics.8

Two methods are commonly used for synthesizing 2-substi-
tuted benzoxazoles. One method is the condensation of carboxylic
acids with 2-aminophenols by dehydration, which is catalyzed by a
strong acid such as polyphosphoric acid (PPA).9–11 Although this
method can be used for making large quantities, the strong acidic
conditions at high temperature (>180 �C) often cause low yields
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Scheme 2. Reaction sequence showing the Pd(II)-catalyzed cyclization and b-
elimination.
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and side reactions. Mechanistic study indicates that the PPA condi-
tion could generate benzoyl cation from the corresponding carbox-
ylic acid,11 which complicates the reaction and increases the by-
product formation. In addition, aromatic nitro,10 tert-butyl, and
other acid-sensitive functional groups do not survive under the
harsh acidic conditions, thereby limiting the scope of the reaction.

The second method involves the oxidative cyclization of pheno-
lic Schiff bases (e.g., from 4?5 in Scheme 1, path a), which is de-
rived from the condensation of 2-aminophenols and aldehydes 1
(X = –OR or –H). The reaction is typically carried out in the pres-
ence of various oxidants including DDQ,12,13 MnO2,14 pyridinium
chlorochromate (PCC),15 PbO2, and Pb(OAc)4.16,17 This oxidative
process, however, requires the use of at least 1 equiv mole of oxi-
dant, whose product purification often involves toxic work-up pro-
cedures to remove the transition metals. The mild conditions for
oxidative cyclization (4?5) include photon-induced cyclization18

and use of N-iodosuccinimide as an oxidant.19 In path a, the phenol
group in the aldehyde 1 (X = –OR) is protected to avoid the poten-
tial oxidation in the following steps. Some oxidants such as
DDQ20,21 can be used for the direct cyclization of the unprotected
phenolic Schiff base (transformation of 6?7), which often suffers
with lower yields. Recently, there has been a significant interest
in developing catalytic methods to synthesize benzoxazole deriva-
tives, since the transition metal oxidants will no longer be used in
the stoichiometric amount. A catalytic reaction using oxygen as a
co-oxidant is of special interest, because its green chemistry as-
pects offer the additional advantage of developing an environmen-
tally friendly process. The catalytic transformation (4?5, X = –H)
Table 1
Effect of base, solvent, and temperature on the conversion (10?11)

Pd(OAc)2 5%

11

HO

N
Br

O

base, solvent, O2

Entry Base Solvent

1 Cs2CO3 MeCN
2 NaOAc MeCN
3 K3PO4 MeCN
4 Cs2CO3 CHCl3

5 Cs2CO3 PhMe
6 Cs2CO3 THF
7 Cs2CO3 DMSO
8 Cs2CO3 DMF
9 Cs2CO3 DMF

Note: Compounds 10 and 11 had the same spectral data as reported in the literature.28

Table 2
Results of Pd(II)-catalyzed synthesis of 2-(20-hydroxyphenyl)benzoxazole29

Pd(OAc)2

OH

N

R2

OH

Cs2CO3, D
R1

Entry R1 R2 Substrat

1 –H –Br 12a
2 –C(CH3)3 –CH3 12b
3 –NO2 –H 12c
4 –C(CH3)3 –H 12d
5 –NO2 –Br 12e

a The reported yield is based on the isolated product yield.
has been demonstrated by using the hydrogen-transfer catalysts,22

such as Ru(PPh3)3(CO)H2, copper(I)-catalyzed oxidation,23 and
aminoxyl radical catalyst.24 The requirement of acidic additives22

for the hydrogen-transfer catalyst, however, can limit its applica-
tion. Competitive formation of two phenoxyl radicals (Ph-
OH?Ph-O�) in 6 makes the aminoxyl radical route24 unsuitable
for the transformation of 6?7. Therefore, an efficient methodology
that occurs at mild conditions is still needed to overcome these
shortcomings.

Organopalladium intermediates are of primary importance in
the synthetic reactions.25 One of the fundamental properties of
the palladium(II) is that it interacts with the p-bond electron to
OH

N

Br

OH

10

Cs2CO3, DMF,
O2, 80oC

trace 11

Time (h)/temp (�C) Conversion (%)

24, rt 5
24, rt 2
24, rt 0
24, rt 2
24, rt 0
24, rt 30
24, rt 50
24, rt 55
4, 80 �C 97

 5%

HO

N
R2

O

R1MF, O2

e Product Time (h) Yielda

13a 3.5 88
13b 3.5 88
13c 3.5 75
13d 3 85
13e 3.5 70
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form p-complexes that are subjected to nucleophilic attack. It is as-
sumed that the palladium(II) can react with C@N bond in 6 to form
p-complex 8 (Scheme 2), which then undergoes nucleophilic at-
tack to give 9. The subsequent b-elimination should occur easily
in 9, as the process is driven by aromatization to give 7. The elim-
ination of b-hydrogen in 9 can be viewed as a reaction similar to
the palladium-catalyzed oxidation of primary and secondary alco-
hols,26,27 in which H–C–O–PdX?C@O. Reasoning that the mild
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Scheme 3. Proposed catalytical cycle of the palladium-catalyzed oxidative
cyclization.
reaction condition could tolerate the existence of phenol functional
group, we decided to explore the palladium(II)-catalyzed intramo-
lecular cyclization, followed by b-elimination, to give HBO. To the
best of our knowledge, the palladium(II)-assisted nucleophilic at-
tack on imines (C@N) has not been reported.

Initial experimental results showed that the transformation of
10?11 could be accomplished by using a stoichiometric amount
of Pd(OAc)2. When the reaction was monitored by TLC, the rate
of the product formation was found to occur at a relatively fast
rate, in comparison with other oxidants such as MnO2. Catalytic
amount of Pd(OAc)2 in the presence of oxygen (as a co-oxidant)
was also found to be effective in the transformation. In order to
optimize the reaction conditions, the reaction was carried out un-
der different conditions and the results are summarized in Table 1.
The employment of base was still necessary, since it could deproto-
nate the phenol in 8 to facilitate the cyclization. Cs2CO3 appeared
to be a better choice among the bases tested (entries 1–3). The po-
lar aprotic solvent would be preferred, since it facilitates the nucle-
ophilic reaction of phenoxide (entries 4–7). Although the reaction
could occur at room temperature, the rate was significantly in-
creased at 80 �C in the polar aprotic solvent. The catalytic effect
of Pd(II) was further confirmed by performing the control experi-
ment, as stirring of 10 with Cs2CO3, DMF, and O2 at 80 �C for
24 h afforded only trace amount of product (less than 5%
conversion).

Versatility of the reaction was demonstrated by using different
substrates of phenolic Schiff bases, and the results are summarized
in Table 2. The reaction proceeded smoothly even in the presence
of Ar–Br bond, which can be used for further functionalization. The
presence of an electron-withdrawing group (–NO2), which in-
creases the acidity of the phenolic proton, did not appear to influ-
ence the rate of the cyclization (entry 3). The result was consistent
with the assumption that the palladium(II) played an important
role in the cyclization step (8?9).

The efficiency of the reaction was further examined by synthe-
sizing compound 15, which requires construction of two benzoxaz-
ole groups in a single molecule. The starting material 14 was
conveniently prepared by condensation of 5-bromo-2-hydroxyis-
ophthalaldehyde with 2-aminophenol.30 Reaction of the phenolic
Schiff base 14 afforded bis(HBO) 15 in good yield,31,32 along with
partially hydrolyzed product 16. Trace amount of 2-amino-3H-
phenoxazin-3-one (17) was also found in the product mixture,
which was formed via oxidative dehydrogenation of the hydro-
lyzed by-product 2-aminophenol.33
In summary, we have reported an efficient and versatile method
to prepare HBO. The proposed mechanism (Scheme 3) involves the
interaction of the imine group with Pd(II) to give p-complexes,
which are subjected to intramolecular nucleophilic attack by phenol
to give a five-membered ring intermediate. The key step is consist-
ing of the b-elimination to generate benzoxazole ring and Pd(0)
species, which is subsequently oxidized to regenerate Pd(II) by
O2. The net reaction consumes only the phenolic Schiff base and
oxygen.
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