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Abstract: A chemical reaction has been developed to prepare 2-arylbenzoxazoles which are known for the biological
activities. In this protocol, 2-aminophenol was made to react with aromatic aldehydes bearing different substituents,
anhydrous bismuth tribromide serving as a catalyst and ethyl alcohol as solvent. The noteworthy attributes of this
methodology are the utilization of an eco-friendly catalyst, mild reaction parameters and the achievement of moderate to

good yields for the desired products.
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I INTRODUCTION

The synthetic as well as naturally occurring organic
compounds containing benzoxazole moiety exhibit a wide
range of biological activities.[') Benzoxazoles are structurally
related to cyclic nucleotides due to which exhibit tendency to
interact with different polymeric entities present into the body
of the living organisms.”! Benzoxazoles possess anti-cancer,
anti-HIV, anti-fungal, anti-microbial, anti-bacterial and anti-
viral properties.’’! The Benzoxazoles can be prepared by two
methods which involve 2 aminophenol to react with
carboxylic acids or aldehydes.[*131 6] Even if these methods
have own advantages, still some drawbacks like use of
polluting organic solvents, structurally intricate and costly
catalysts, vigorous reaction conditions and lengthy reaction

are noticeable. Looking at the existing strategies, it is
necessary to keep on searching green, simple and mild
alternate synthetic pathways.!"! Through research work, it has
been found that the Bismuth (III) compounds are
environmentally friendly reagents and catalytic materials for
the various organic conversions. The non-toxicity, stability to
air and moisture, easy to handle are some important properties
of Bismuth (III) salts.[® P10 Fyrther, Bismuth (I11) salts
are found to be mild Lewis acids making them as most
suitable catalyst to carry out organic transformations. ['?!

The present work demonstrates the effectiveness of
anhydrous bismuth tribromide as a catalyst in ethanol at room
temperature to prepare 2-arylbenzoxazoles from 2-
aminophenol and aromatic aldehydes. (Scheme 1).
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1. EXPERIMENTAL

Melting points were taken by heating prepared
derivatives in open capillary tubes. Thin-layer
chromatography (TLC) was used to study the course of
reaction. Merck Silica Gel 60F254 was used to prepare TLC
plates (0.25 mm thickness). Spots on the plates were
irradiated with UV light for the observation. All chemicals
and solvents were of Merck or Sigma-Aldrich brands and
used as it is.

Procedural details for the synthesis of benzoxazoles
(1la—j): To start the procedure, a mixture of 2-aminophenol
(0.109 g, 1.0 mmol), aldehyde (1.0 mmol), and ethyl alcohol
(3.0 mL) was prepared. Anhydrous BiBrs (0.031g, 0.1 mmol)
was introduced as catalyst. The reaction mixture thus
prepared was stirred with Magnetic stirrer at room
temperature. Once the TLC confirmed the completion of the
reaction, the reaction mixture was filtered and catalyst was
separated from the reaction mixture. The product was
separated from reaction mixture by extracting it using ethyl
acetate. Subsequent evaporation of the solvent resulted in
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getting the crude product. Purification of the crude product
was done via column chromatography. As the product was
known compound, its identity was confirmed by comparing
its measured melting point with the value reported in the
scientific literature.

A reaction between 2-aminophenol and benzaldehyde
(R = H) was selected as the model reaction to establish
experimental conditions. The reaction of 2-aminophenol with
benzaldehyde (R = H) in presence of anhydrous bismuth
tribromide as catalyst was selected to find out the optimum
reaction parameters. The selection of solvent was the first
parameter which was studied. The reaction was performed in
different solvents to find out the most effective one in terms
of yield of the reaction. Table 1 demonstrate that the reaction
is not solvent free in nature (Entry 1). Amng the protic
solvents which were tried, ethyl alcohol was found to be most
appropriate as it could produce 2-phenylbenzoxazole
(1a,Table 3) in highest yield (Table 1, Entry 4). The reaction
was not effective with aprotic solvents (Table 1, Entries 5 to
6). Thus, ethyl alcohol was selected as suitable solvent to carry
out reaction.

Table 1. Selection of Solvent for the Synthesis of 2-Phenylbenzoxazole (1a) *

Entry Solvent Time (min.) Yield ® (%)
1 No solvent More than 180 2
2 CHCl; 80 15
3 CH,Cl, 90 20
4 EtOH 30 90
5 CCly 150 15
6 MeCN 120 5

*Reaction conditions: 2-aminophenol (1.0 mmol), benzaldehyde (1.0 mmol), BiBr; (0.1 mmol), solvent (3.0 ml), R.T., *
Isolated yield

The required catalyst concentration for anhydrous BiBrs; was established by its addition in different amount in the reaction
mixture. The compound (1a, Table 3) was obtained with highest yield when 0.1 mmol of catalyst was used. Beyond this point,
adding the amount of catalyst did not substantially enhance the reaction yield. Thus, a 0.1 equivalent loading of anhydrous BiBr;

was found to be the most effective for 2-arylbenzoxazole synthesis.

Table 2. Optimization of Catalyst Load for the Synthesis of 2-Phenylbenzoxazole (1a)*

Entry Amount of BiBrs, mmol Time (min.) Yield P (%)
1 0.01 75 35
2 0.05 60 45
3 0.10 30 89
4 0.20 30 89

* Reaction conditions: 2-aminophenol (1.0 mmol), benzaldehyde (1.0 mmol), C;HsOH (3.0 ml), R.T., ® Isolated yield

The reaction of 2-aminophenol with a series of structurally diverse aromatic aldehydes was used to check the catalytic
proficiency of anhydrous BiBr; under the established reaction parameters (Scheme 1, Table 3):
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Table 3. Synthesis of 2-Arylbenzoxazoles (1a—j) Using BiBr; Catalysis*

Entry R Product Time Yield ® Melting Point
(min.) (%6) Q)
1 H o 30 89 99-101 (101)*
Y Q
2-Phenylbenzoxazole (1a)
2 4-CHs @[O 40 78 112-113 (113-114)8
)_@%
N
2-(4-Methylphenyl) benzoxazole (1b)
3 4-Cl ©[°>_@ 32 90 149-150 (147)%®
Cl
¢
2-(4-Chlorophenyl) benzoxazole (1c)
4 4-NO; @EC’: C 45 85 266-267 (266-268)"
Y, NO,
N
2-(4-Nitrophenyl) benzoxazole (1d)
5 4-OCH; @[O 45 75 102-103 (101)
/>—<j>—OCH3
N
2-(4-Methoxyphenyl) benzoxazole (1e)
6 2-NO; ON 50 76 104-106 (104-105)*
o
Cr-O
2-(2-Nitrophenyl) benzoxazole (1f)
7 4-CF3 ©[°>_@ 35 89 142-143 (143-145)%
/ CF,
N
2-(4-Trifluoromethylphenyl) benzoxazole (19)
8 2-CHs HyC 42 74 62-65 (63-66)'°
o
@EN%@
2-(2-Methylphenyl) benzoxazole (1h)
9 2-OH HO, 30 83 88-89 (87)®
o
OO
2-(2-Hydroxyphenyl) benzoxazole (1i)
10 2-NH; o HN 32 77 114-116 (115-120°C)Y’
@[N/@
2-(2-Aminophenyl) benzoxazole (1j)

*Reaction conditions: aldehyde (1.0 mmol), 2-aminophenol (1.0 mmol), anhydrous BiBr; (0.1 mmol) in Ethyl
alcohol (3.0 ml) at room temperature, ® Isolated yield

1. RESULTS AND DISCUSSION

The reaction between 2-aminophenol and various
substituted benzaldehydes proceeded successfully under the
established parameters because the desired benzoxazoles (la—
j) were obtained in yields ranging from moderate to good, as
illustrated in Table 3. A comparative study of the results in
Table 3 reveals that the yields were somewhat better for
aromatic  aldehydes with  para-substituted electron-
withdrawing groups (Table 3, Entries 3, 4, 7) than for those
with electron-donating substituents at para-position (Table 3,
Entries 2, 5, 8, 10). The presence of ortho-substituents on
aromatic aldehydes leading to steric hindrance near to the
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reaction center must be a reason for the low yield of the
corresponding products (Table 3, entries 8, 9, 10).
Benzaldehyde, being sterically unhindered, could undergo a
better conversion.

Scheme 2 is an attempt to present the possible
mechanism for the synthesis of 2-arylbenzoxazoles as
discussed above. BiBrs; being a Lewis acid must be activating
the carbonyl group of aromatic aldehydes by coordinating
with oxygen atom.[*?l Schiff base A which is formed during
the reaction is also activated by BiBr; via the coordination
with nitrogen atom of imine linkage facilitates its conversion
to the desired product.
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Iv. CONCLUSION [3]. (1) K.R. Kumar, P.V.V. Satyanarayana, B.S. Reddy,

Anhydrous bismuth tribromide (BiBr3), a Lewis acid, is
found to be an efficient catalyst for the preparation of 2-
arylbenzoxazoles which involve the reaction of 2-
aminophenol with aromatic aldehydes bearing different
functional groups. This synthetic pathway was effective to
give moderate to good yield of 2-arylbenzoxazoles within a
short reaction time. The overall procedure was found to be
simple. The easy to handle, environment friendly and non-
toxic nature of Anhydrous bismuth tribromide as mentioned
in literature further elevates the merit of this pathway.
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