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Abstract—The Schiff base derived from the condensation of o-aminophenol with benzaldehydes was induced to undergo oxidative
cyclization in the presence of DDQ. The resulting 2-arylbenzoxazoles were separated from the reduced DDQ byproduct by
treatment of reaction mixture with a strongly basic ion-exchange resin. The applicability of this chemistry to spatially separate
library synthesis is demonstrated by the preparation of a 352-member library. © 2002 Elsevier Science Ltd. All rights reserved.

2-Arylbenzoxazoles posses the important biaryl phar-
macophore and have exhibited a variety of biological
activities, including antimicrobial and antitumor prop-
erties.1 For example, a 2-arylbenzoxazole, AJI9561, was
recently isolated as a cytotoxic metabolite from the
extract of Streptomyces sp.2 The two most popular
methods for synthesizing 2-substituted benzoxazoles
are: (1) coupling of carboxylic acids with 2-aminophe-
nols by dehydration catalyzed by a strong acid;3 and (2)
the oxidative cyclization of phenolic Schiff bases,
derived from the condensation of 2-aminophenols and
aldehydes, using various oxidants such as PhI(OAc)2,4

Mn(OAc)3,5 Th+ClO4
−,6 Ba(MnO4)2,7 NiO2,8 and

Pb(OAc)4.9 The first method has been used for making
large quantities of pharmaceutical intermediates but
typically requires activation of carboxylic acids under
strongly acidic conditions at high temperature. The
second method usually involves the use of transition
metals that require purification by filtration or aqueous
treatments to remove the metal byproducts.

Recently, both solution- and solid-phase methods for
the synthesis of combinatorial libraries have gained
tremendous popularity in pharmaceutical and academic
institutions.10,11 The preparation of compound libraries
requires the development of superb methods for both
the synthesis and purification in order to final products
in a form suitable for biological testing. Although there
have been several reports describing the solid-phase
synthesis of benzoxazoles,12 there have yet to appear
any publications describing solution-phase libraries of
benzoxazoles presumably due to the lack of any robust
procedure for synthesis and purification. Herein, we
will describe a mild and efficient protocol for the syn-
thesis of 2-arylbenzoxazoles and the application to the
synthesis of a 352-member compound library.

A solution-phase library approach is an attractive
choice if reactions can be found that are high yielding
and that generate byproducts that can be readily
removed. Schiff base formation between 2-aminophe-

Scheme 1.
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nols and aldehydes generates only water as a byproduct
and conversion to the final products can be achieved
with the appropriate selection of oxidants. 2,3-
Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) is a
versatile reagent for the oxidation of alcohols and
selected amino groups. DDQ has also been described
for the synthesis of benzoimidazoles from correspond-
ing o-phenylenediamines and aldehydes.13 Li and co-
workers have also reported the DDQ oxidation of
hydroxylamine groups to the corresponding isoxazoli-
nes.14 We envisioned that DDQ would also be an
efficient reagent for the oxidative cyclization of pheno-
lic Schiff bases to produce 2-substituted benzoxazoles.

Furthermore, we expected that 4,5-dichloro-3,6-dihy-
droxy-phthalonitrile (DDP), the reduced product of
DDQ, could be easily removed from the reaction mix-
ture by basic ion-exchange resins thereby enabling the
solution-phase synthesis of the desired library.

We first examined whether 2-arylbenzoxazoles would
result from the treatment of the phenolic Schiff bases 3,
preformed via the condensation of 2-aminophenols 1
and aromatic aldehydes 2 in methanol, with 1.1 equiv.
DDQ in CH2Cl2 (Scheme 1). As shown in Table 1,
2-arylbenzoxazoles were produced in high to excellent
yields by this method (Isolation A).15 The desired oxi-

Table 1. Results of DDQ-promoted synthesis of 2-arylbenzoxazoles
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dation presumably occurred after the cyclization of
phenolic Schiff bases with the phenol hydroxy moiety
to give the corresponding oxazolines 4. The 2-
aminophenols with electron-withdrawing groups, which
were predicted to be less reactive toward aldehydes,
gave comparable results (entries 5–6, 10–11). It is note-
worthy that the nitro compound needs higher reaction
temperature (reflux in ethanol) for the formation of
Schiff base to fulfill the final products in excellent
yields. This method can employ aldehydes with both
electron-donating (entries 3, 6 and 11) and electron-
withdrawing groups (entries 2, 5 and 8). In addition,
heterocyclic aldehydes can also be used for efficient
preparation of various 2-heterocyclic substituted ben-
zoxazoles (entries 4, and 11–12). These results have
shown that DDQ is an efficient oxidation agent for the
one-pot synthesis of benzoxazole-containing biaryl
structures.

Encouraged by these preliminary results, we continued
to explore the possibility of generating a library of this
class of biaryl compounds. One prerequisite is to
remove the DDP in a highthroughput format. Among
various purification methods available for solution-
phase combinatorial synthesis, the treatment of reaction
solutions with ion exchange resins has proven effective
in the removal of some acidic or basic byproducts,16

and there is a recent report demonstrating applicability
to a 96-well format.17 We assumed that basic ion-
exchange resins could be a good option to neutralize
and absorb acidic DDP. Amberlite® IRA-900, which is
a macroreticular resin with benzyltrialkylammonium
functionality, proved to be the most efficient in this
respect. The results are summarized in Table 1 as
Isolation B.18 Thus, 4 g of the aforementioned resin was
freshly washed by methanol and used for the purifica-
tion of each reaction on a 0.2 mmol scale, and this
simple treatment gave the desired products in excellent
purities. Since we used exactly equal amount of DDQ
in the reaction leading to the comparable results as
aforementioned 1.1 equiv. of DDQ being used, there
was no need to use a polymer-bound scavenger resin
for removing DDQ from the reaction solutions.19

A 352-member library was then prepared by this solu-
tion-phase strategy. Thus, 8 2-aminophenols and 44
arylaldehydes were prepared as 0.1 M stock solutions in
methanol. They were then mixed in four 2 mL 96
(8×12) deep-well plates (0.2 mL of 2-aminophenol and
0.2 mL of aldehyde in each well). The resulting plates
were heated in a oven at 45°C for 12 h. The methanol
was then removed by a plate rotatory evaporator and
the resulting residue was redissolved in 0.2 mL of
1,2-dichloroethane (DCE) in each well which was sub-
sequently treated with 0.2 mL of 0.1 M DDQ in 10%
THF in DCE. It was noteworthy that exactly equal
amount of DDQ was used in order to facilitate subse-
quent purification. The addition of THF is to increase
the solubility of DDQ. The reaction plates were agi-
tated at room temperature for 2 h before the solutions
were transferred to the corresponding filter bottom
plates loaded with 0.4 g of freshly washed (MeOH) and
dried Amberlite® IRA-900 in each well. Additional 0.4

mL of DCE was added to each well. The plates were
clamped and rotated slowly for 2 h before filtering the
solution into collection plates. The higher freezing tem-
perature of DCE allowed the reaction solutions to be
frozen so that possible leakage during the transfer was
avoided. The final removal of solvents using a plate
rotatory evaporator gave the desired compounds in the
collection plates.

The library was characterized by LC–MS. The purity of
the individual compound was determined by LC inte-
gration without calibration. As a result, 73% of the
library showed purity greater than 80%, while 9% of the
compounds with purities less than 50%.

In summary, the preparation of 2-arylbenzoxazoles was
efficiently achieved by the condensation arylaldehydes
with 2-aminophenols and subsequent DDQ-promoted
oxidative cyclization reactions. This one-pot procedure
is mild and efficient for producing individual arylbenz-
oxazole compounds. Moreover, the combination of
this procedure with the use of basic ion-exchange resin
allows for the combinatorial library synthesis. The cur-
rent method represents the first example for benzoxa-
zole library synthesis by a solution-phase strategy.
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