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ABSTRACT

The benzoxazole is a heterocyclic aromatic organic compound. It is a vital pharmacophore and honoured structure in medicinal
chemistry. It plays a very imperative role with quite useful therapeutic activities such as antiulcers, antihypertensives, analgesic, anti-
inflammatory, anti-virals, antifungals, anticancer, antidepressant activity, antilishmanial activity, anticonvulsant activity,
antitubercular activity, antitumor activity, The review of the literature reveals that the benzoxazole derivatives are marvellously
effective compounds and a large number of reviews available for biochemical and pharmacological studies established that their
molecules are useful against a wide variety of microorganisms. Because of their prominence, the techniques for their synthesis have
become an attention of synthetic organic chemists. Therefore, in the contemporary review we tried to assemble the chemistry of
different derivative of substituted benzoxazole as well as various pharmacological activities and some of the important methodologies

used for the synthesis.
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INTRODUCTION

esearch in the field of pharmaceutical chemistry has

its most imperative task in the development of new

and better medications and their fruitful
introduction into clinical practice. The word 'drug' is
derived from the French word 'drogue' that means a dry
herb. The root of understanding in the medicinal chemistry
lies in wakefulness of the relation between the chemistry
of a particular compound or group of compounds and their
interactions with the body, which is known as structure
activity relation and the mechanism by which the
compound affects the biological system, known as its
mode of action. Heterocycles are among the most
habitually encountered skeletons in drugs and
pharmaceutically relevant substances. The astonishing
capability of heterocyclic nuclei to serve both as
biomimetics and reactive pharmacophores has chiefly
contributed to their irreplaceable value as traditional vital
elements of numerous drugs. The improvement of
heterocycles as scaffolds, containing a high degree of

diversity has turn out to be a leading focus in modern drug
discovery. The synthetic heterocyclic drugs are still more
abundant and include most of the hypnotics,
anticonvulsants, analeptics, antihistaminics, antithyroid
drugs, also many antiseptics, fungicides, vasopressor
modifiers. Most of the compounds we know as synthetic
drugs such as diazepam, chlorpromazine, isoniazid,
metronidazole, azidothymidine, barbiturates, antipyrine,
captopril and methotrexate are heterocycles®.

Benzoxazole is an aromatic organic compound consisting
of a benzene fused oxazole ring structure. Its derivatives
are known to exhibit various biological activities such as
anticancer, antimicrobial, anti-HIV and dopamine D4
agonists etc. They are also remarkable fluorescent probes
which show high Stokes shift and present thermal and
photophysical stability due to an excited state
intramolecular proton transfer mechanism. They can be
measured as structural bio isosteres of naturally occurring
nucleotides such as adenine and guanine, which allow
them to interact easily with the biopolymers of a living
system. They have revealed low toxicity in warm-blooded
animals. Benzoxazoles possess a large number of optical
applications such as photoluminescent, whitening agents
and dye laser and also found applications as intermediates
for organic synthesis. Research in this area is still veiled and
is directed towards the synthesis of compounds with
enhanced biological activity?.
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e Benzoxazole, also known as 1-oxa-3-aza-1lh-indene,
is a member of the class of compounds known as
benzoxazoles.

e Benzoxazoles are organic compounds containing a
benzene attached to an oxazole ring. Oxazole
consists of a five-membered aromatic ring with a
nitrogen and an oxygen atom at the 1- and 3-
position, respectively.

e Its molecular formula is C;HsNO and molar mass is
119.12 g/mol.

e Benzoxazole is soluble (in water) and an extremely
weak basic (essentially neutral) compound (based
on its pKa).

e  Melting point is 27-30°C.
e Its odour is similar to pyridine3.
Chemical Reactivity of Benzoxazole

Benzoxazoles are heteroaroamtic compounds and account
for a variety of products after reaction with various
electrophiles and electron rich species®.

Nitration

Nitration of benzoxazole is carried out using sulphuric acid
and nitric acid. Nitration preferentially occurs at Ce-
position. Nitration of 2-phenyl benzixazole affords 6-nitro-
2-phenyl benzoxazole at room temperature®.

HNO, 0\\ .
- ,N N
Q I o J\©
[¢]

o

Amination

Amino group enters at third position of benzoxazole on

treating it with hydroxyl amine hydrochloride in 1M NaOH.

Later the resulting amino benzoxazole reacts with Cl2 or Br2

in chloroform to vyield corresponding chloro or bromo
Cl, or Br,

derivatives®,
Q\J\ CHCl, Q\J\

&

o

Alkylation

Alkylation in benzoxazole occur at second position on
reaction with secondary alkyl halides in presence of
catalyst copper(l) and bis[2-(N,N-
dimathylamino)ethyl]ether®.

NH,OH.HCL

1M NaOHgq.c,
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In contrast N-alkylated products are obtained on treating
2-substitured benzoxazoles with alkylating agents like
iodomethanes, dialkyl sulphates etc.
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Alkynation

Pd catalysed reactions with gem-dichloroalkenes in
presence of catalytic amount of DPEPHos and lithium
tertiary butoxide at 120°C cause direct alkynation of
benzoxazole®.

Cl Cl
Pd(0Ac),,DPEPHos

N
- . : — \>%R
L / LiOtBu,Dioxane, ;,5:¢ o

R

Aryaltion

On treatment with aryl chlorides in presence of base like
lithium tertiary butoxide and palladium catalyst aryl

benzoxazoles can be prepared®.
O
(L

LiOtBu,Toluene, ;54.c
\/o + CI-Ar

N=—

Properties

» Benzoxazole is an aromatic organic compound with a
molecular formula C7HsNO, consisting of a benzene-
fused oxazole ring.

> Its aromaticity makes it relatively stable, though as a
heterocycle, it has reactive sites which allow for
functionalization.

» It shows various electrophilic reactions and
substitution mainly occurs at 2,3,6 positions.

» Prescence of electron withdrawing group favours
halogenation®’

Synthetic Methods of Benzoxazole

v" Copper catalyzed one-pot synthesis of benzoxazoles
using bromoanilines and acyl halides in the presence
of a base and a solvent was carried out. An
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intermediate was formed which finally gave pure
benzoxazoles (21-97%) isolated yields, unveiling a

NH NH,
HoN i HO _ t

phenylene diamine

\’ C,/—<O

oH

N

2-amino phenol
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broad range of biological activities. They can also be
used as antecedents in the synthesis of drugs®.

Xmethanol/CSZ
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1,3-benzoxazole-2-thiol

2-(chloromethyDD-1H-benzimidazole
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2-(2{[(1L.3-benzoxazol-2-yDsulfanyllmethyl}-1 H-benzimidazol-1-yl)acetohydrazide

v' The Beckmann rearrangement of oximes of O-
hydroxybenzophenones'®.
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v" Thermal dehydration of O-acylaminophenols®°.
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v' Oxidative ring closure of phenolic Schiff bases™.
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O = .
>—R
OH N/

v" Reaction of O-aminophenol with benzyl11.

(ZNHZ PhCO.COPh o
hv
on (Lo~

v' Reaction of O-aminophenol with cyanogen bromide!?.

NH; BrCN o
/>—NH2
OH N

Synthetic Methodology
The different types of schematic representations were
used to synthesis various benzoxazole derivatives.

Scheme |

Primarily, 2-(chloromethyl)-1H-benzo[d]imidazole (I) was
prepared by the reaction of ortho phenylenediamine,

chloroacetic acid and hydrochloric acid. Benzo[d] oxazole-
2-thiol (Il) was produced by the reaction of methanolic
solution of 2-aminophenol with potassium hydroxide,
followed by the addition of CSz. | and Il was mixed and
stirred in the presence of triethylamine to obtain 2-(((1H-
benzimidazol-2-yl) methyl)thio)benzoxazole (lll). and
Anhydrous potassium carbonate in dry acetone, ethyl
chloroacetate was added to a mixture of lll which yields
ethyl 2-(2-((benzoxazol-2-ylthio)methyl)-1H-benzimidazol-
1-yl)acetate (IV). Reaction of IV with hydrazine hydrate
produced 2-(2-((benzoxazol-2-ylthio) methyl)-1H-
benzimidazol-1-yl) acetohydrazide (V). To complete
reaction of V with several substituted aldehydes gave the
derivatives (1-26)%.

NH, NH;
HoNL i HO\©
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v 1-26
2-(2-{[(1,3-benzoxazol-2-yl)sulfanyllmethyl}-1H-benzimidazol-1-yl)acetohydrazide
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Scheme Il

To begin with, reaction of substituted aniline with
chloroacetyl chloride in the presence of acetone and
powdered potassium carbonate 2-chloro-N-(substituted
phenyl)acetamide (I) was prepared. Reaction was carried
out between | in dry DMF and sodium azide at room
temperature to prepare 2-azido-N-(substituted
phenyl)acetamide (ll). From 2-aminophenol in methanol,

clcH,cocl

Acteone, ...

substituted anilines

fz

2-chloro-N-(substituted 1]
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potassium hydroxide followed by the addition of CS2
benzo[d]oxazole-2-thiol (lll) was prepared. To a solution of
Il in acetone anhydrous potassium carbonate powder was
added followed by slow addition of 3-bromoprop-1-yne at
0 °C and 2-(prop-2-yn-1-ylthio) benzo[d]oxazole (IV) was
obtained. To end with, Il and IV were dissolved in a mixture
of t-BuOH:H20:DMF followed by the addition of sodium
ascorbate and copper (ll) sulfate so to obtain target
benzoxazole derivatives (1-20).

) TTTCH2N3

e

NaNs

T omErT

phenylhacetamide

K,CO,, ACETONE

I
N

1,3-benzoxazole-2-thiol
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) T CH2N3
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RT/50 MIN

ﬁ:CH
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2-[(prop-2-yn-1-yDsulfanyl]-1,3-benzoxazole
n

DMF/ter BUOH/WATER

CuSO,.H,O,SODIUM ASCORBATE

2-[(prop-2-yn-1-yDsulfanyl]-1,3-benzoxazole

H n
N,

g
T "

Benzoxazole derivatives (1-20)
Scheme lll

In first step, various substituted phenols (la-le) were
condensed with citric acid to yield coumarin-4-acetic acid
derivatives (2a-2e) as intermediates. Stirring o-
aminophenol and cyanogen bromide (CNBr) for 48 h in
methanol at room temperature 2-Aminobenzoxazole (3)
was produced. By refluxing intermediates 2a-2e with o-
aminophenol in the presence of catalyst for 15 min the first

series of test compounds (4a-4e) were synthesized. For
synthesis of compounds 4a and 4b Polyphosphoric acid
(PPA) was used as catalyst whereas for synthesis of
compounds 4c-4e orthophosphoric acid (OPA) was used,
as PPA being stronger acid leads to oxidation of the
products. By coupling the two intermediates, 2a-2e and 3,
under anhydrous conditions the second series of test
compounds 5a-5e was synthesized using
dicyclohexylcarbodiimide (DCC) as coupling agent °.

\o
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R
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Z-—amino phenol

Dichloromethane

Dcc

STIRRING 12HRS

Reflux 15 min.
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Biological Activities
Anti-Microbial Activity

A)Balasubrahmanian N et.al; reported the synthesis of 2-
(2-((benzoxazol-2-ylthio)  methyl)-1H-benzimidazol-1-yl)
acetohydrazide derivatives. The anti-microbial activity of
synthesized compounds was assessed using Tube dilution
method for the determination of minimum inhibitory
concentration (MIC) of the synthesized derivatives (1-
26)6. Ofoxacin and fuconazole was used as standard drugs
against seven microbial species i.e. B. subtilis (MTCC-441),
E. coli (MTCC-443), P. aeruginosa (MTCC-424), S. typhi
(MTCC-98), K. pneumoniae (MTCC-530), Candida albicans
(MTCC-227) and A. niger (MTCC281).

g D
HaCx N O
l >%N
A /N‘k/s
HN\
N—

B)N.Balasubrahmanian et.al; reported the synthesis of
benzoxazole derivatives . Their antimicrobial potential
against selected Gram-positive (S. aureus, B. subtilis),
Gramnegative (E. coli, K. pneumoniae, S. typhi) bacterial
and fungal (C. albicans, A. niger) organisms were measured
using tube dilution method®’.

H

N\
/ NH H c\)\+
N/ N— -
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N H
H

Anti- Cancer Activity

A)Balasubrahmanian N et.al; reported the synthesis of 2-
(2-((benzoxazol-2-ylthio)  methyl)-1H-benzimidazol-1-yl)
acetohydrazide derivatives. Human colorectal carcinoma
[HCT116 (ATCC (American Type Culture Collection)
CCL247)] cancer cell line was used for the determination of
anticancer activity of the prepared derivatives using 2-(3-
diethyl-amino-6-diethylazaniumylidene-xanthen  9-yl)-5-
sulfobenzene-sulfonate (SRB) assay.

H,C

OVN*L S>/

HN
\

Q

Br
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Trichloroacetic acid was used in this study for fixing the
cells and then staining was done for 30 min using 0.4%
(w/v) sulforhodamine B mixed with 1% acetic acid. To
discard the unbound dye five washes of 1% acetic acid
solution was carried out and was extracted with 10 mM
unbuffered tris base solution was used for extraction of
protein-bound dye’®.

B) N.Balasubrahmanian et.al; reported the synthesis of
benzoxazole derivatives . Antiproliferative activity of the
benzoxazole derivatives was measured against the human
colorectal cancer cell line (HCT 116 (ATCC CCL-247). The
standard drug used aws 5-fuorouracil (IC50=12.2 uM)?2,

H
N

l \NH H
Ly
NH
o S
oF T
H

Anti-Inflammatory Activity

F

Yogita banzal et.al; reported the synthesis of coumarin-
benzoxazole derivatives and evaluated its anti-
inflammatory activity.

In-vitro activity- Invitro anti-inflammatory activity was
measured using hRBC membrane stabilization method.

In-vivo activity- It was measured using formalin-induced
rat paw-edema model*°.

Marketed formulations
Flunoxaprofen
v" Non-steroidal anti-inflammatory drug.

v" Brand name-priaxim.
N OH
o o

e Antibiotic.

Calcimycin

e Calcimycin induces Ca?*-dependent cell death by
raising intracellular calcium concentration. Calcimycin
inhibits the growth of Gram-positive bacteria and
some fungi. It also inhibits the activity of ATPase and
uncouples oxidative phosphorylation (OXPHOS) of
mammalian cells?.

Benoxaprofen

» Non-steroidal anti-inflammatory drug.

» Brand name-oraflex.
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Chloroxazole
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Medicinal importance of benzoxazole nucleus

During recent years there have been some fascinating
developments in the biological activities of benzoxazole
derivatives. These compounds have special implication in
the field of medicinal chemistry due to their incredible
pharmacological potentialities.

CONCLUSION

Alterations on the benzoxazole nucleus have created a
large number of compounds having varied
pharmacological activities. The synthesis, structures and
biological activities of benzoxazole derivatives have long
been engrossed of research interest in the field of
medicine, due to potential activities shown by them. The
biological profiles of these new generations of
benzoxazoles signify much progress with regards to older
compounds. Looking into the medicinal importance of
benzoxazole moiety, it will be worthwhile to synthesize
certain newer derivatives of benzoxazole and screen them
for their biological activities!.
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