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Efficient one-pot synthesis of benzoxazole derivatives catalyzed by Zinc triflate
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A simple and efficient method has been developed for the synthesis of benzoxazoles from 2-aminophenol and
substituted aldehydes in the presence of a catalytic amount of zinc triflate in ethanol solvent at reflux temperature.
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Introduction

Benzoxazoles are an important class of heterocyclic
compounds that have many applications in medicinal
chemistry. Benzoxazole derivatives have been char-
acterized as melatonin receptor agonists (/), amyloi-
dogenesis inhibitors (2), Rho kinase inhibitors (3), and
antitumor agents (4). In addition to their use in
medicinal chemistry, benzoxazoles are recognized as
an important scaffold in fluorescent probes such as
anion and metal cation sensors (5). Benzoxazoles are
an important class of heterocycles that are encoun-
tered in a number of natural products and are used in
drug and agrochemical discovery programs, as well as
for a variety of other purposes (Figure 1). For
example, the benzoxazole core structure is found in
a variety of cytotoxic natural products, such as the
UK-1 (6), AJI9561 (7), and salvianen (§). Recent
medicinal chemistry applications of benzoxazoles
include the cathepsin S inhibitor (9) and selective
peroxisome proliferator-activated receptor y antagon-
ist JTP-426467 (10). Other applications of benzoxa-
zoles include their use as herbicides, such as
Fenoxaprop, and as fluorescent whitening agent dyes
such as bisbenzoxazolyl ethylenes and arenes (/7).
Mainly there are two general methods for syn-
thesizing 2-substituted benzoxazoles. One is the coup-
ling of o-substituted aminoaromatics with carboxylic
acid derivatives and acyl chlorides, which is either
catalyzed by strong acids or microwave conditions.
The other is the oxidative cyclization of Phenolic
Schiff bases derived from the condensation of
o-substituted aminoaromatics and aldehydes. In latter
reactions various oxidants have been used. Different
catalysts and different methods were also reported for
the synthesis of these heterocycles like Pd (OAc), (12),
ZrOCl, 8H,O (/3), silica sulfuric acid (/4), silica-

supported sodium hydrogen sulfate (/5), Indion 190
resin (16), ((Hbim]BF,) (/7), methanesulphonic acid
(18), Cu(OTf), (19), copper(Il) oxide nanoparticles
(20), PCC-supported silica gel (21), In(OTf); (22),
SnCl, (23), DDQ (24), BF;.0Et, (25), Mn-(OAc);
(26), PhI(OAc), (27), Th*.Cl04~(28), BaMnO, (29),
NiO, (30), and Pb(OAc)4 (37). However, many of
these methods suffer from one or more of the draw-
backs such as requirement of strong acidic conditions,
long reaction times, low yields, tedious work-up
procedures, requirement of excess amounts of reagent,
and the use of toxic reagents, catalysts, or solvents.
Therefore, there is a strong demand for a highly
efficient and environmentally benign method for the
synthesis of these heterocycles.

Results and discussions

In our preliminarily investigation on the model
reaction of 2-amino phenol and benzaldehyde, it was
found that the reaction could be finished under very
simple reaction conditions in the presence of zinc (II)
triflate (10 mol%) in reflux of ethanol solvent, which
gives the desired benzoxazole product in good yield
(Scheme 1).

The effect of solvent, catalyst, reaction temperat-
ure, and time on the reaction was systematically
investigated and the results were summarized in Table 1.
As can be seen from Table 1, the solvent plays an
important role in the model reaction, it was found that
ethanol is the best one among the solvents tested, and
the reaction proceeded smoothly in ethanol and gave
the desired product in 91% yield, while Toluene
afforded the product only in 30%, use of methanol,
THF, Dichloromethane, and 1,2-dichloroethane as
solvents led to slower reactions and 70% yield of model
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Figure 1. Benzoxazole natural products and medicinal/agrochemical applications of benzoxazoles.

product was isolated in solvent-free reaction condition.
The optimized reaction conditions for the reaction
were found to be Zn(OTf), under reflux in ethanol
solvent for 5 h.

Given these results, an array of aminophenol and
substituted aldehydes was employed in order to invest-
igate the scope of the reaction. The results are summar-
ized in Table 2. Aldehydes were readily cyclized with
2-aminophenol and these preliminary results indicate
that benzoxazole yield is affected by the position of the
substituent on aromatic ring of the aldehydes. Ortho-
substituted aryl aldehyde (Entry 2-6), the yield was
lower than that when meta- and para-substituted aryl
aldehydes were used. Also, the results found in (Entry
7-9) may indicate that the yield is dependent on the
electronic nature of the substituent as well.

Conclusion

In conclusion, we have demonstrated that 2-substi-
tuted benzoxazoles can be synthesized from 2-amino-
phenols and aldehydes in the presence of Zn(OTf), in
good yields. The present zinc triflate-mediated reac-
tion is an alternative route to benzoxazole synthesis
using 2-aminophenols and aldehydes.

Experimental

All 'TH NMR spectra were recorded on 400 MHz
Varian FT-NMR spectrometers. All chemical shifts

O

Zn(OTf),

are given as § value with reference to Tetramethylsi-
lane (TMS) as an internal standard. Products were
purified by flash chromatography on 100-200 mesh
silica gel. The chemicals and solvents were purchased
from commercial suppliers either from Aldrich, Spec-
trochem and they were used without purification prior
to use.

Zinc triflate-catalyzed synthesis of 2-substituted
benzoxazoles from 2-aminophenols and aldehydes

A mixture of 2-amino phenol (1 mmol), benzaldehyde
(1.2 mmol), and Zn(OTf), (10 mol%) in ethanol (5 ml)
was placed in a 50-ml round bottom flask and stirred
at reflux for 5 h. The progress of the reaction was
monitored by thin layer chromatography (TLC)
Hexane:EtOAc (9:1) after completion of the reaction,
the reaction mixture was cooled and treated by
dilution with 1IN NaOH (5 mL). The solution was
extracted with EtOAc (3 X 10 mL) Total organic layer
was washed with water, brine solution and dried over
Na,SO, and evaporated under vacuum. Obtained
crude residue was purified by column chromato-
graphy to give 2-substituted benzoxazoles.
2-Phenylbenzoxazole (32): This compound was
obtained as white solid, m.p. 102-104°C, Yield.
91%; 'H NMR (CDCls): § 8.27-8.24 (m, 2H), 7.79-
7.76 (m, 1H), 7.60-7.57 (m, 1H), 7.54-7.51 (m, 3H),
7.38-7.32 (m, 2H); (LC-MS) m/z: 196.20 [M +H]"*
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Scheme 1. Zinc triflate catalyzed synthesis of benzoxazole derivative.



Table 1. Optimization of the reaction conditions.

S. Time Temp Zn(OTf), Yield
No. Solvent (hr) °C) (mol%) %)
01 Dichloromethane 10 40 10 45
02  Dichloroethane 10 80 10 62
03 MeOH 08 65 10 70
04 EtOH 05 80 10 91
05 THF 12 65 10 55
06  Toluene 15 100 10 30
07  Solvent free 12 100 10 70
08 EtOH 05 80 5 86
09 EtOH 05 80 20 90
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2-(2-Methoxyphenyl)benzoxazole (33): This com-
pound was obtained as white solid, m.p. 54-56°C,
Yield. 79%; '"H NMR (CDCls): § 8.13 (d, J = 8.8 Hz,
1H), 7.83-7.80 (m, 1H), 7.60-7.57 (m, 1H), 7.51-7.47
(m, 1H), 7.35-7.32 (m, 2H), 7.13-7.07 (m, 2H), 4.02
(s, 3H); (LC-MS) m/z: 226.10 [M+H]"

2-(2-Chlorophenyl)benzoxazole (22): This com-
pound was obtained as white solid, m.p. 70-73°C,
Yield. 68%; 'H NMR (CDCly): 6 8.15 (dd, J = 1.6,
5.6 Hz, 1H), 7.87-7.83 (m, 1H), 7.64-7.61 (m, 1H),
7.59-7.56 (m, 1H), 7.48-7.37 (m, 4H); (LC-MS) m/z:
230.12 [M+H]*

Table 2. Synthesis of 2-substituted benzoxazoles from 2-aminophenol and aldehydes®.
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CHO o)
1 o O !
N
CHO MeQ
2 (X OO ”
V,
OMe N
CHO Cl
3 X -0 :
/
cl
N
CHO Br
4 x O :
/
Br
CHO NOR
: (X Cr-O) ”
/
CF)HO N
6 e 50 :
HO N OMe
7 C-C "
V
OMe N
CHO cl
8 C-O :
v
Cl CHO 5
9 o o .
MeO N
CHO o)
: -0 :
N
0 O O
11 UCHO />—<\J 90
N
S
12 92

A
@)
I
O

LI

Note: *Reaction conditions: 2-Amino phenol (1 mmol), aldehyde (1.2 mmol), Zn(OTf), (10 mol%) was stirred for 5 h under reflux in ethanol

solvent.

®Isolated yield. All compounds are matched with their authentic data.
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2-(2-Bromophenyl)benzoxazole (33): This com-
pound was obtained as white solid, m.p. 53-56°C,
Yield. 62%; "H NMR (CDCI5): 6 8.06 (d, J = 8 Hz,
1H), 7.86-7.83 (m, 1H), 7.76 (d, J = 8.0 Hz, 1H),
7.63-7.60 (m, 1H), 7.48-7.32 (m, 4H); (LC-MS) m/z:
273.95, 275.90 [M +H]"

2-(2-Fluorophenyl)benzoxazole (34): This com-
pound was obtained as white solid, m.p. 92-94°C,
Yield. 72%; "H NMR (CDCls): § 8.24-8.22 (m, 1H),
7.85-7.82 (m, 1H), 7.63-7.61 (m, 1H), 7.54-7.52 (m,
1H), 7.39-7.37 (m, 2H), 7.33-7.26 (m, 2H); (LC-MYS)
mlz: 214.16 [M+H]"

2-0-tolylbenzoxazole (35): This compound was
obtained as white solid, m.p. 63-66°C, Yield. 82%;
'"H NMR (CDCl): § 8.18-8.16 (m, 1H), 7.81-7.79
(m, 1H), 7.60-7.58 (m, 1H), 7.33-7.41 (m, 5H), 2.81
(s, 3H); (LC-MS) m/z: 210.14 [M+H]"

2-(3-Methoxyphenyl)benzoxazole (34): This com-
pound was obtained as white solid, m.p. 70-73°C,
Yield. 87%; 'H NMR (CDCl5): § 7.86-7.76 (m, 3H),
7.60-7.57 (m, 1H), 7.43 (t, J = 8 Hz, 1H), 7.36-7.34
(m, 2H), 7.10-7.07 (m, 1H), 3.92 (s, 3H); (LC-MYS)
mlz: 226.23 [M+H]"

2-(3-Chlorophenyl)benzoxazole (22): This com-
pound was obtained as white solid, m.p. 131-133°C,
Yield. 89%; 'H NMR (CDCls): & 8.26 (s, 1H), 8.16—
8.13 (m, 1H), 7.80-7.77 (m, 1H), 7.61-7.58 (m, 1H),
7.52-7.44 (m, 2H), 7.39-7.37 (m, 2H); (LC-MYS) mi/z:
230.12 [M+H]"

2-(4-Methoxyphenyl)benzoxazole (32): This com-
pound was obtained as white solid, m.p. 97-99°C,
Yield. 90%; '"H NMR (CDCly): § 8.20 (d, J = 9.2 Hz,
2H), 7.74-7.72 (m, 1H), 7.56-7.54 (m, 1H), 7.35-7.31
(m, 2H), 7.03 (d, J = 9.2 Hz, 2H), 3.89 (s, 3H); (LC-
MS) m/z: 226.23 [M+H]"

2-p-tolylbenzoxazole (32): This compound was
obtained as white solid, m.p. 114-116°C, Yield.
91%; '"H NMR (CDCly): 5 8.15 (d, J = 8 Hz, 2H),
7.77-1.75 (m, 1H), 7.58-7.56 (m, 1H), 7.35-7.32 (m,
4H), 2.44 (s, 3H); (LC-MS) m/z: 210.20 [M+H]"

2-(furan-2-yl)benzoxazole (32): This compound
was obtained as white solid, m.p. 85-87°C, Yield.
90%; '"H NMR (CDCl;): § 7.77-7.75 (m, 1H), 7.68—
7.67 (m, 1H), 7.58-7.55 (m, 1H), 7.37-7.35 (m, 2H),
7.28 (d, J = 3.6 Hz, 1H), 6.62 (dd, J = 3.2, 2 Hz, 1H);
(LC-MS) m/z: 186.02 [M +H]"

2-(thiophen-2-yl)benzoxazole (32): This compound
was obtained as white solid, m.p. 104-107°C, Yield.
92%; '"H NMR (CDCly): § 7.92-7.91 (m, 1H), 7.75-
7.72 (m, 1H), 7.57-7.54 (m, 2H), 7.36-7.33 (m, 2H),
7.21-7.19 (m, 1H); (LC-MS) m/z: 202.06 [M +H]*
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