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Abstract

In this review an attempt has been made to provide different available methods to synthesize
Benzoxazole molecule not only through the traditional synthetic approach but also by using
different catalysts, nanoparticles, and green synthesis. The present research work mainly

focused on synthesis of benzoxazole derivatives from year 2010 onwards has been extracted
from reputed journals and compiled into the review article.
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INTRODUCTION: diverse chemotherapeutic activities including
Among all the heterocyclic compounds, Benzoxazole  antimicrobial®?3,  antiviral®,  antibiotic>, and
is one of the most significant heterocycle showing  antitumor activities®. Study has revealed that
remarkable pharmacological activities. As a result of  substituted benzoxazoles and related heterocycles
deep research in the field of synthesis and are biologically active with lower toxicities’.

modifications involving the benzoxazole nucleus has
generated large number of molecules having diverse
applications in the field of medicinal chemistry. The
structural study and biological activities of
benzoxazole derivatives has been a research interest,
due to potential biological and pharmacological
activities exhibited by them.

Literature survey revealed that the benzoxazole
moiety possesses most remarkable and a wide range
of biological activities. Benzoxazole is common
heterocycles in the field of drugs. Previous reports
have revealed that substituted benzoxazole possess

Benzoxazoles are interesting fluorescent compounds
and they are studied as potential bleaching
herbicides®. They have also shown low toxicity in
warm-blooded animal®.

Chemistry:

Benzoxazole is a planar molecule of the cyclic system
having conjugated m electrons. The weak basic
property of benzoxazole is because of the nitrogen
lone pair of electrons which is coplanar with
heterocyclic ring hence it is not involved in
delocalization.
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2-Heteroatom-substituted benzoxazoles may exist in
two tautomeric forms 2 and 3. The X-ray analysis of
such compounds shows that benzoxazol-2(3H)-one 2
(X = 0), benzoxazole-2(3H)-thione 2 (X = S), and N-
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benzylbenzoxazol-2(3H)-imine 4 (R = Bn) exist with
an exocyclic double bond in the crystalline form°. In
benzoxazole, C-2 atom is the only electrophilic
reactive site of the molecule.

N
Crie
5O
N
@[ S—NHR
e

Tautomeric equilibria in 2-heteroatom-substituted benzoxazoles

Synthetic Approach:

Benzoxazole moiety is synthesized in different ways.
In which most of the synthetic procedure includes
addition of CS2/KOH and by means of PPA. There are
various other synthetic methods too, which includes
by the addition of CNBr, by means of aldehydes and
some chemical agents like DDQ, IBD etc.

R4 NH,,
e
Rs

R;: Cl, Br, CHj3, CF3,

Rp: CFy
Rj: OCHj, Cl

CS,, Base
——= "5
Reflux

Most of the synthetic methods used aminophenol as
one of the major reactant to synthesize benzoxazole
moiety. Condensation of o-aminophenol by means of
carbon disulfide in the presence of base like
potassium  hydroxide!l121314151617 o gsodium
hydroxide'® gave the required benzoxazole in good
yield (Scheme 1).

R4 N
S-sH
RJ ©

Rs

Scheme 1

4-Carbomethoxy-2-aminophenol (6, R: COOCH3) was
treated with Cyanogen bromide to give 2-
aminobenzoxazole (7) in good yield (Scheme 2)%2°

R
Z OH
6
R : COOCHj, OCH,

CNBr
Methanol

methoxy-aminophenol (6, R:OCHs) with CNBr gives 2-
aminobenzoxazole (7)%.

N
R S—=NH

7

Scheme 2

International Journal of Pharmacy and Biological Sciences

Basavaraju Bennehalli*etal | 749

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

—

9

&

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

According to literature cyclizing agent like PPA is
used for benzoxazole synthesis, 2,4 diaminophenol
(8) and 1,4- naphthalene dicarboxylic acid (9) were
dissolved in poly(phosphoric acid) (PPA) under

HOOC

B OO
+ — >
OH
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nitrogen atmosphere to produce a thick paste of 1,4-
di(5-aminobenzoxazol-2-yl)naphthalene?? (Scheme
3).

H2N©[N N NH2
o o:©/

COCH
8 9 10
Scheme 3
5-amino-2-(4-tert-butyl-phenyl)-benzoxazole (13a) (11d) in polyphosphoric acid forms dark brown

synthesized by taking 2,4-diaminophenol (11a) with
p-tert-butyl benzoic acid (12a) in polyphosphoric
acid®®, o-aminophenol (11b) reacted with
aminobenzoic acid (12b) in the presence of PPA gives
3-(benzo[d]oxazol-2-yl)aniline (13b)?*?>, Synthesis of
2-(20-Hydroxyphenyl)benzoxazole (13c) by 5-
Formylsalicylic acid (12c) and 2-aminophenol (11c) in
polyphosphoric acid stirred at 180°C for 5 hour?® and
2,4-Dihydroxybenzoicacid (12d) with o-aminophenol

precipitate which is (1H-benzo[d]oxazole-2-yl)
benzene-1,3-diol (13d)?’. 2-(3,4-Diimethoxyphenyl)
benzoxazol-5-amine (13e) was prepared by heating
2,4-diaminophenol (11e) and 3,4-dimethoxybenzoic
acid (12e) in presence of cyclizing agent PPA?8, 5-
amino-2-(20-hydroxy-40-methylphenyl) benzoxazole
(13f) was synthesized by the reaction of 2,4-
diaminophenol (11f) and 4-methylsalicylic acid (12f)
in polyphosphoric acid (PPA) at 150°C (Scheme 4)%°.

R COOH R
NH
Tl 0 =00
E—
= —
OH R1/ 0 R,
11 12 13 a-c

11a: R=NH, 12a: 4-C(CHj3); 13a: R4=C(CHj)3, R=NH,
11b: R=H 12b: 3-NH, 13b:R1=NH,, R=H
11c: R=H 12¢: 2-OH, 5-CHO 13c:R4=0H, CHO, R=H
11d: R=H 12d: 2-OH, 4-OH 13d:R4=0H, OH, R=H
11e: R=NH, 12e: 2-OH, 4-OH 13e: R4=OH, OH, R=NH,
11f: R=NH, 12f: 3-OCHs, 4-OCH, 13f: R4=OCHj;, OCH3, R=NH,

Scheme 4

A mixture of 2-amino-4-bromophenol (14) and 5-
(trifluromethyl) pyridin-2-amine (15) in 1 M NaOH
was stirred at 85°C for 3 h to get 5-(5-

Bromobenzo[d]oxazol-2-yl) (16)

(Scheme 5)3°,

pyridin-2-amine
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OH NH Br N
« [ 7 1MNeoH N2 NN
NH =N - o \=n 2
Br 2 FsC
14 15 16
Scheme 5

A mixture of 2-aminophenol (17) and 4-benzyloxy
benzaldehyde (18) was refluxed in ethanol followed
by oxidative cyclization with lead tetra acetate gives
2-[4-(Benzyloxy)phenyl]-1,3-benzoxazole compound

(20a) (Scheme 6)31. A mixture of schiff base
compound (19) and manganese(lll) acetate in DMSO
was kept at 140 °C for 24 h to get 3-Benzoxazole-N-
Ethyl Carbazole (20b) (Scheme 6)32.

Pb(OAc),, CHCl,

Reflux, 1 h
CHO
NH
2 O Ethanol @N\\_@ N\ —\R
Reflux 1h OH \="R g N\ //
17 18 19 Mn(OAC)s
DMSO
20a: R:3-H, 4-OCH,0Ph
R: 3-OCH3, 4-OCH,OPh
Scheme 6

lead tetra acetate also used in the synthesis of 2- (4-
nitrophenyl)-6-(tetradecyloxy)benzo[d]oxazole

molecule (22a)33, Dess—Martin periodinane (DMP), a
highly versatile hypervalent iodine(V) reagent, was
found to efficiently mediate the intramolecular

20b: R: fused//t©
N
L

cyclization of phenolic azomethines/Schiff bases at
ambient temperature leading to the rapid and
expeditious synthesis of substituted benzoxazoles
(22b) (Scheme 7)34.

Lead tetraacetate

A\ OH refluxed in CH,Cl,, 6 h _~_O y y R
R— L or R— ] />_<:>
N" DMP, CH,Cl, R NN =
X 2 10-15 Min R.T
21 22
scheme 7 22a: R1= O-C12H25, R2= N02

The Diversity-oriented synthesis of substituted
benzoxazole via potassium persulfate - CuSOs
mediated oxidative coupling reactions of aldehydes
in agueous micelles (Scheme 8)%, 2-arylbenzoxazoles

22b: Ry= H, R,= O-Ph

(25b) were directly synthesized from substituted 2-
aminophenols (23b) and aldehydes in the presence
of activated carbon in xylene under an oxygen
atmosphere (Scheme 8)3¢,
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| ~-OH
R// NH KzSzOg-CUSO4 . o
23a: R=6-CHj, N 72\
23 23b: R=H or | 7 g
: 0 AN =/ Ry
+ 2 R
activated
OHC 7\ carbon . 25
—X
Ry 24a: Ry=H xylene 25a: R=CH3, Ry=H
24 24b: R4=4-CH3 25b: R=H, R1=CHj
Scheme 8

The elemental sulfur was good oxidant in the
presence of N-methyl piperidine for rearranging
oxidative coupling between o-aminophenol (26) and

R1E::{NW \ng

26 27

S,
/
\S S\S/

80°C 16 h

ketones (27)
(Scheme 9)%.

to give 2-alkylbenzoxazoles (28)

S

| A N\ R
Me / Z Omﬁ
Q Ry 28

R4 = Alkyl, Aryl, Heteroaromatic

Scheme 9

1,3-Benzoxazoles (30) via oxidative cyclization of

corresponding o-hydroxyarylidene anilines

KMnO4/ HOAc

X N—CH
.t
OH Y Solvent free

was
synthesized in the presence of KMnOs/HOAC system.

This system also was applied for the one-pot
synthesis of 1,3-benzoxazoles from o-aminophenols
and aldehydes (Scheme 10)3.

@@

29 Room temp
5 min X: H, Cl
Y: 4-NO,, 4-Cl, 4-Br
Scheme 10

A facile synthesis of 2-aminobenzoxazole (33)
derivatives in the presence of lithium
hexmethyldisilazide (LIHMDS) (Scheme 11)3 by using
harmless electrophilic cyanating agent: N-cyano-N-

phenyl-p-toluenesulfonamide (NCTS) with different
substituted 2-aminophenols (31) and benzene-1,2-
diamine derivatives (32).
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0 e=n
o | NH; . N NCTS () N\}NH
T 0=S LIHMDS " g 2
OH 5 ©\ THF, 50C to R.T
31 33

Scheme 11 R¢: H, 5-CHj3, 5-NO,, 5-CI

Potassium ethylxanthate and 2-amino-5 nitrophenol and added 2M HCl solution to adjust the pH value to
(34) in dry pyridine was kept for stirring for 6 hour at 6 to get 6-nitrobenzo[d]oxazole-2-thiol (35) (Scheme
120°C, followed by keeping the same reaction  12)%,

mixture for another 16 hour at room temperature

O,N
2 \©[OH Potassium ethylxanthate, Pyridine OzN\©:O}
> /—SH
NH, 6 h, 110 oC, 97% N

34 35
Scheme 12

The mixture of substituted anilines (36) and BF3OEt2 at room temperature gives substituted
substituted orthoesters (37) in the presence of benzoxazole (38) (Scheme 13)%

RZ_O N
o NH2 Ri BF; OEt, N R
| : - | \
RI +  R4-O - Ri- >—/
Z oK CH,Cly, R.T Z =0
R;—0 75 - 95%
36 37 38
R1 . (CHQ)I"IX, (CHz)nCH2=CH2, (CHz)nCN
R,, R3 : alkyl
R: ClI, Br, CH3, CO,Me, H
Scheme 13
A mixture of di-(imidazole-1-yl)-methanimine and atmosphere to get 2-amino-

compound 2-amino-5(trifluoromethoxy)phenol (39)  6(trifluromethoxy)benzoxazole (40) (Scheme 14)%2.
in DMF was refluxed overnight under nitrogen

di(imidazole-1-yl)-methanimine
\@\/OH DMF, N, Atmospher _ FCO o)
>—NH
NH, 2500C,12h \©[N 2
40

39

F5CO

Scheme 14

A direct base-mediated intramolecular reaction DMSO at 140 °C forms benzoxazole derivative (42)
without a transition-metal catalyst by using K2CO3 in  (Scheme 15)%.
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! o Base, Solvent, Temp Me O
Py - )—Ph
N Ph N
H

41 Scheme 15 42

Benzoylthioureas (43) were reacted using unexpected benzoxazoles (44) were found (Scheme
diacetoxyiodobenzene (DIB) in presence of base, the  16)*.
expected benzothiazoles (44’) were not obtained,

]

N 0
7N
—.R\(/\E SN C
= e} H
)
I — 44
N —
N o]
43
R@ \%N@
R= H, CH5, OCHj, CI, Br Z~3 H
44'

Scheme 16

Azido complexes in nitrogen extrusion reaction used by the nitilium ion of an aryl migration because of
for synthesis of benzoxazole by taking o-hydroxy aryl  rearrangement of the initial azido intermediates
ketones (45), the benzoxazole (46 & 47) formed was  (Scheme 17)%.

O

Br Br N Br N
Me  TMSNg, TfOH \C[ S—Me 4 \C[ H—NH
OH DCM, R.T o O Me

85% 1%
45 46 47
Scheme 17

Phosphonated Benzoxazole Derivatives (49) benzenephosphonic acid (48) and Methyl cynide
synthesized by using  2-amino-3-hydroxy-1-  (Scheme 18)%.

OH
NH, MeC(OEt); A
MeCN, Reflux _ /%Me
PO3H, 120h
78% PO4EL,
48 49
Scheme 18

2-isocyanophenyloxyacrylate (50) and 2-  (benzo[d]oxazol-2-yl)phenyl)acrylate (52) (Scheme
(trimethylsilyl)phenyl trifluoromethanesulfonate  19)%7.
(51) wused to synthesize (E)-methyl 3-(2-
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MeOZC
(0]
©i P co,Me oTf CsF 0
o 7
NG * TMs CHaCN, 800C N
50 51 52
Scheme 19
Synthesis by using Catalyst: The condensation of aromatic aldehyde (53a) with 2-
As every synthetic chemical reaction require aminophenol (54a) catalyzed by NHs(CH2)sNH3BiCls

activation energy to proceed, catalysts which lowers
that energy barrier and begins the reaction without
involving themselves in the chemical changes.

The several synthetic methods of benzoxazole
discussed above suffer from one or more of the
drawbacks such as requirement of lengthy reaction
times, high consumption of energy, very high
temperature, lesser yields, tedious process etc.,
Thus, there is a strong demand for a highly efficient
catalyst for the synthesis of heterocycles. Several
methods have been developed to access this
framework, in which eco-friendly and cost-effective
catalyst has been attracting research interest from
chemists. Following is the compilation of the
catalytic approach for synthesis of benzoxazoles.

as heterogeneous and recyclable catalyst was
reported for the synthesis of 2-phenyl-1H-benzo[d]
imidazole (55a)*®, Phenylboronic acid catalyzed-
cyanide promoted reaction followed by addition of
KCN gives  one-pot  synthesis of = 2-(2-
hydroxyphenyl)benzoxazole derivatives (55b)*°, Zinc
triflate-catalyzed  synthesis of  2-substituted
benzoxazoles (55c¢) from 2-aminophenols (54c) and
aldehydes (53c¢)*°, Silica supported ferric chloride
(SiO2-FeCl3) is used for the Synthesis of Benzoxazole
(55d)*%, Synthesis of benzoxazole (55e) in high yields
by coupling of o-aminophenol (54e) with aldehydes
(53e) by using TiClsOTf in ethanol at ambient
temperature (Scheme 20)%2.

NH3(CH,)sNH3BICls
| = H Free solvent, R.T, 4-12 min
Or
=
R1/ o 1. PhB(OH),
2. KCN
53a: 53c: 53d: 53e: Ry=H Or N R
53b: R4=2-OH Zn(OTf), AN \ —
+ Ethanol, Reflux
| N NH, Or Rz/ = o \ /
// o Si0,-FeCl, (Cat) o
Rz H,0,, R.T, Ethanol
54 or 55a: 55¢: 55d: 55¢: Ry=H, Ry=H
54a: 54c: 54d: 54e: R2=H TiCl,OTf 55b: R4=OH, R;=CHs
54b: R,=3-CH3 COH T
Scheme 20

The various 2-aminobenzoxazoles (58) and other
benzoxazole derivatives prepared using a catalytic

amount of poly (ethylene glycol)-bound sulfonic acid
(PEG-SO3H) (Scheme 21)°3.
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(l? O
@[N\\o H PEG-SOsH @[N\>_©
OH * Heat o
% > Scheme 21 %8

Synthesis of 2-phenyl benzoxazole (61) (scheme 22)
by means of various catalysts, R (% yield): Al-Cu-CI
(99%), Al-Zn-PO4* (76%), Mg(OH). (63%), Al.0s

(61%), Ca(OH), (59%), Al-Zn-Cl" (56%), SiO2 (56%),
MnO2 (51%), Al(OH)s (42%), AICI3 (41%)5.

o]
X Cl X Cu-Al-Cl- X0 —
R + | —R - |
| 7 \ /
ZNH = 60 min, 60 °C LZ N |
2 R R
OH
59 60 61
Scheme 22

Propylsulfonic acid functionalized SBA-15 (SBA-Pr-
SO3H) was used as catalyst for 2-arylbenzoxazoles

NH, o)

+

SBA-Pr-SO3H

(64) synthesis from benzoyl chloride derivatives and
2-aminophenol (62) (Scheme 23)°°.

Py

Cl
OH

62 63

Acetic acid, Reflux, 8h

(L0

64

Scheme 23

Indion 190 resin used as efficient, environmentally
friendly, and reusable catalyst for synthesis of
benzoxazoles (67a)°¢, nickel supported silica®” and
Samarium triflate [Sm(OTf)3]>® used for the synthesis

of benzoxazole derivatives from aminophenol and
aldehyde, also synthesis of 2 aryl benzoxazoles
catalyzed by KCN/MWCNT using ultra sound (67d)
(Scheme 24)%°,

Indion-190 Resin

NH
R @[ 2 EtOH
1 \65 OH 7(())00
r
i R N
65a: 65d: R1—H NI—SI02 R1+ ~ \>_R
65b: 65c: Ry=H m ~~0
+ Or 67
o Sm(OTf)3 67a: 67d: R1=H, R=Ph
i EtOH-H,O 67b: 67c: Ry=H, R=H
RH 2-5h
66 Or

66a: 66d: R=Ph
66b: 66¢c: R=H

KCN Supported
on MWCNT

DMF, ultra sound

Scheme

24

International Journal of Pharmacy and Biological Sciences

Basavaraju Bennehalli*etal | 756

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

Int J Pharm Biol Sci.

/\ ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)
\/W

The reaction between substituted 2-aminopenol and  triazole moiety of benzoxazole (69) by using copper
1H-1,2,3-triazole-4-carbaldehyde (68) gives 1,2,3- (ll) acetylacetonate as catalyst (Scheme 25)%°,

N o y N NH,
N= 2T
/ Y ! 7

N 7 on - R N\>—&N

ain 27

Rig _— Copper(ll) acetylacetonate, Xylene N~ (0] NN | AN

_R‘1
68 69 Z
Scheme 25

Ruthenium-Catalyzed Synthesis of 2-  Alcohols like phenyl methanol (71) with 2-

phenylbenzo[d]oxazole (72) Using acceptorless aminophenol (70) (Scheme 26)52.
dehydrogenative coupling (ADC) Reaction of Primary

HO
OH [Ru,Cly(CO)g] 0
L - - 0O
NH, PFMN, DABCO N

Toluene, 110 °C

70 71 72

Scheme 26

The synthesis of benzoxazole linked with reaction carried in sealed tube for 12 hours at 190°C
benzimidazole (74) was achieved by copper catalyzed  (Scheme 27)%2.

Rz

0 Cl. NH;  Rycocl, cul
C. )J\©[N CS,CO3, Xylene
(@) \>__<\ > > <\ >
N\
Ry

Sealed Tube, 190 °C, 12 h

Scheme 27

Palladium catalyzed reaction between o-aminophenol (75) and Isocyanides (76) gives 2-aminobenzoxazoles
(77) in the presence of dioxane (Scheme 28)%3,

NH, + - Pd(PPhs), N FBu
+t-Bu—N=C : - \>*NH
OH Dioxane, R.T 0o

75 76 77
Scheme 28

Combined Catalyst of Bronsted Acid and Copper lodide is used for synthesis of 2- methylbenzoxazole (80)
from 2-aminophenols (78) and B-Diketones (79) (scheme 29)%.
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TsOH.H,O / Cul

NH, o - N
@[ . M Combined Catalyst E;[ \>7Me
OH Me M ©

e

78 79 80
Scheme 29

Palladium used as catalyst for (E)-2-(4-methoxystyryl) benzo[d]oxazole (83) synthesis by aminocarbonylation
method in the presence of 2-aminopheol (81) and (E)-1-(2-bromovinyl)-4-methoxybenzene (82) (Scheme
30)%.

1) Pd(cod)Cl,
HBF4(t-Bu)sP
DBU

Co
@ENH2 . Br\/\@\ Dioxane, 60 °C, 15 h @EN\>—/_©70M‘3
2) CH3SO3H 0
oH 3903
OMe  pioxane, 100 °C, 4 h

81 82 83
Scheme 30

2-aryl substituted benzoxazole (86) prepared by the reaction of substituted 2-aminophenol (85) and
heterocyclic aldehydes (84) in the presence of composite catalyst as TiO2 — ZrO; at moderate temperature
(Scheme 31)%®,

HoN TiO,-ZrO N A
AN 2 2
O (R B4 - A ]|/\)—R
PN _ CH4CN, 60 oC 0
Ar” "H  HO 15-25 min

84 85 86
R=H, 6-Me Scheme 31

N-(2-iodo/bromophenyl) benzamides used for Cul-catalysed synthesis of benzoxazoles (88) from methyl-2-
methoxybenzoate as the ligand (Scheme 32)%’.

~

O O
H e
oLyt Sagr
> S—Ph
X o 90 oC, K5PO, ©:O>7
DMF, 12 h
87 88
X=Br, | Scheme 32
Synthetic approach via Nanotechnology: costly instruments, nonrecyclable and non-

Although the synthesis of substituted benzoxazole by  selectivity, and so forth. To overwhelmed these, the
using some catalyst, ultrasound irradiation, and nanocatalyst plays an important role.

microwave irradiation methods have their own The nanocatalysts are highly selective, stable and
advantages, it also possesses certain disadvantages reactive; thereby it overtakes the conventional
like highly toxic reagents or severe reaction catalyst. The nanoparticle -catalytic activity is
conditions, strong acids, unapproachable materials, depends on size, hence altering the particle size the
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relative ratio of surface atom also changes. Size and  substituted benzoxazoles (91c) synthesized by
surface of the nanocatalyst play a major part because  combining  2-aminophenol (89c) with aryl,
it is the reason for its selectivity and reactivity. heteroaryl, aliphatic aldehydes in the presence of
The synthesis of benzoxazole using Fe(lll)-Schiff 5 nano ceria (CeO2) as an efficient heterogeneous
base/SBA-15 as a nanocatalyst in water® along with  catalyst’, An efficient and one-pot synthesis of 2 aryl
aminophenol and 4-(dimethylamino)benzaldehyde benzoxazole (91d) catalyzed via nano-solid acid
(90a), ZnO nanoparticles used as a green efficient  catalysts like nanosulfated zirconia, nano-structured
catalyst in the room temperature for the synthesis of  ZnO, nano-y-alumina and nano-ZSM-5 zeolites
2-aryl1,3-benzoxazole derivatives (91b)®, A series of  (Scheme 33)7%.

Fe(lll)-Schiff base/SBA-15

@NH? as nano catalyst
OH Or
89 ZnO NPs -
Ethanol, RT, 2-8 mi
N anol, RT, 2-8 min N — R
Or N \ 7
Nano CeO, 0]
O H 91
H,O, RT
N or 91a: R= N(CH3),
|, o 91b: 99d: R=H
R™~ 90 nanosulfated zirconia 91c: R=NO,
o or nano-structured ZnO _
ggz: gRng'(?C_::*)z or nano-g-alumina
90c: R=NO, or nano-ZSM-5

Scheme 33

Ag@TiO2 nanocomposite used for one-pot synthesis of 2 aryl benzoxazole (93) derivatives in agueous media
(Scheme 34)72,

‘I N
OH - _Ho @[ SR
92 RT o
AG@TiO,  / o

Scheme 34

Synthesis of 2-aryl benzoxazole (96) by the mechanism of redox reaction using one of the effective nano
copper ferrite at 130°C (Scheme 35)73,

O.N Nano Copper ferrite
NH 2 N
O 0 == O
HO NMP, 16 h O
94 95 96
Scheme 35
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one-pot synthetic approach for 2 aryl benzoxazole (99) was developed by using copper nanoparticles as a
catalyst with o-bromoanilines (97) and acyl chlorides (98) as starting materials (Scheme 36)7%.

(0]
CuNPs
NH, o
CL e 2o OO
+ > /
Br K2CO3 N
MeCN
97 98 99
Scheme 36

Green synthesis:

It has been revealed that for the purpose of
protecting our environment and human health from
various unsafe hazardous chemical reaction and its
effects, the concept of eco-friendly reactions are
very important. In recent years to achieve the
scientific target of safe, nontoxic and nonhazardous
chemical reactions green chemistry took major place
in research. Most trusted part in the green chemistry
is to develop alternative safe reaction conditions and
to undertake the required chemical conversion with
almost negligible waste generation and less by-
products as well as avoiding the use of toxic and
volatile organic solvents. Therefore it is most
important to have effective and safe approach for
the chemical transformations that comes under
green chemistry.

OSOzH

The green chemistry methodology which applied for
the synthesis of benzoxazole moiety is mainly by
using water as solvent, by green solvents, by sound
waves and reactions carried out without any
solvents.

Synthesis of 2 aryl benzoxazole (102) derivatives
comprising the reaction of corresponding 2-
aminophenol (100) with aromatic aldehyde (101) by
Phospho sulfonic acid (PSA) catalyst’” as green
synthesis, by using glycerol as green solvent’®, using
Cu(ll)-DiAmSar/SBA-15 as a non-leaching
heterogeneous nanocatalyst under solvent-free
conditions”’, and also a ball-milling strategy of
convenient solvent-free method for the synthesis of
2 aryl benzoxazole (102) has been developed using
recyclable ZnO-NPs (Scheme 37)78.

o}
HO3SO-P-0SOH

o
OH Ethanol, RT

100 Or
Glycerol; H,O

+ 90 oC
Or

Cu(ll)-DiAmSar/SBA-15

Heat, Solvent free

Or
NPs-6

102

Ball-mill, 600 rpm, RT, 30 min

101
Scheme 37

Synthesis of substituted benzoxazoles by using the catalyst p-TsOH in the presence of ethyl 2-cyano-2-(2-
nitrobenzene-sulfonyloxyimino)acetate and keeping in microwave irradiation’®, Ultrasound as green process
as the environmental friendly synthesis of novel benzoxazole by the reaction of azo-linked salicylic acid
derivative (104b) and 2-amino-4-chlorophenol (103b)%, Propylphosphonic anhydride in microwave
irradiation helps cyclization of o-aminophenol (103c) with carboxylic acid (104c) (Scheme 38)8%.
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NH; 1) I, DIPEA, EtOAc,

103a: 103c: R=H N
103b- R=a-cl | L MW (50 oC) -
R OH 2) Catalyst, solvent,
103 MW (60 oC) N
+
104a: Ry=aryl Or ‘ N\ =
)
HO 0 ) -
104b: R.= HO)LR Room Temperature R/ e
o 1 or 105
104 ,
NN T3P (in AcOEt). DIPEA

104c-R—\©Ar MW, 160 oC, 15 min
‘Ry=
Scheme 38

Carboxylic acid (106) used for synthesis of various substituted benzoxazoles (109) based on the method of
TCT (cyanuric chloride)/microwave acid activation (Scheme 39)%2,

Cl
Yoy 2
o SR e R /(,3\
e 2N g
DCM, NEtg = Py
MW (40 °C, 10 min) | RT 'O "N” "O7 "R
106 107
NH,
N, S MW (60 °C, 30 min) R_O
T \f
OH NH ~~N
X A\
2) solventless A OH R4 O R: Aryl
MW (130 °C, 120 min) 1 Ry H, CH3
108 109

Scheme 39

One pot green synthetic method for the synthesis of marcapto benzoxazole (112) by the treatment of
aminophenol (110) with tetramethylthiuram disulfide (TMTD) (111) using H20 as solvent (Scheme 40)%.

+ 0~ . s N 2 - O: S—SH
@EOH oS lf o o

110 111 112
Scheme 40

A sonochemical method for the synthesis of 2-aminobenzoxazole (115) has been reported (Scheme 41)34.

NH; PhsP, I, N
+ ArNCS - @[ S—NH
oH Et;N, CH,Cl, g ar
)
113 114 115

Scheme 41

y
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A green synthesis of 2 aryl benzoxazole (117) obtained by means of electrochemical pathway by supplying

10mA (Scheme 42)8°,

Et,NOTs

2,6-lutidine

Cr”
OH

116

10mA, 2.2 F/mole

N
o
(0]

117

Scheme 42

2-aryl benzoxazole derivatives (119) synthesized by a green route catalyzed by AlI3* -exchanged K10 clay

(Scheme 43)%8,

AI3+-K10 clay

2

Ry
Sx7 NJ\R
H
118

R : H, Cl, SO,Et etc.,
R, : Me, Ar, Py, etc.,
X:C,N

Xylene, 140 °C, 16 h

0
X N

119

Scheme 43

Synthesis of 2-aryl benzoxazole (122) using benzyl alcohol (121) and 2-aminophenol (120) catalyzed by

(FeLA"'*)20 complex (Scheme 44)%7.

OH
X

SURES B
NH, =

1.2 mol% (FeLAPIP)20 @N\ =R
TBHP in water (0.4 ml) g \_7

80 °C, H,0
120 121 122
Scheme 44
CONCLUSION: heterocycles, which can lead to promising medicinal

This review is attempted to summarize the various
updated synthetic, catalytic, nanocatalytic as well as
green chemistry methods. The majority of
benzoxazole synthesis used aminophenol as a
starting material along with different reagents,
solvents and catalysts. The synthesis of these
substituted benzoxazole compounds described in
this review includes building of hydrazido
benzoxazole moiety starting with substituted
aminophenol using different reagents like Cyanogen
bromide (CNBr), Poly phosphoric acid (PPA), 5-
(trifluromethyl)pyridin-2-amine in base, electrophilic
cyanating agent like (NCTS) system of them were
indicated. Likewise, a number of benzoxazole
derivatives were reported to exhibit interesting
biological and pharmacological activities as well as
industrial applications. We hope this review is to be
beneficial for researchers in the field of heterocyclic
synthesis. Also, it can help them for the easiest and
efficient method to synthesize novel benzoxazole

activities.

Acknowledgement:
Authors acknowledge the research fellowship given
by UGC Grants under MANF Scheme.

REFERENCES:

1. VinsSovaJ, Hordk V, Buchta V & Kaustova J, Molecules,
10 (2005) 783.

2.  Vijesh A M, Isloor A M, Shetty P, Sundershan S & Fun
H K, Eur J Med Chem, 62 (2013) 410.

3. Temiz-Arpaci O, Aki-sener E, Yalcin | & Altanlar N, Arch
pharm pharm med chem, 6 (2002) 283.

4. Chemotherapeutika A & Zytostatika V, Arzneimittel-
Forschung/Drug Res, 271 (2003) 266.

5. Prudhomme M,Dauphin G & leminet G, J Antibiot
(Tokyo), 39 (1986) 922.

6. Aiello S, Wells G, Stone E L, Kadri H, Bazzi R, Bell D R,
Stevens M F G, Matthews C S, Bradshaw T D &
Westwell A D, J Med Chem, 51 (2008) 5135.

International Journal of Pharmacy and Biological Sciences

Basavaraju Bennehalli*etal | 762

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

7N

N

10.
11.

12.

13.
14.

15.

17.
18.
19.
20.
21.
22.

23.

24.
25.
26.

27.
28.

29.
30.

31.

32.
33.

34.
35.

Z

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

3

Praveen C, Nandakumar A, Dheenkumar P,
Muralidharan D & Perumal P T, J Chem Sci, 124 (2012)
609.

Laber B, Usunow G, Wiecko E, Franke W, Franke H &
Kohn A, Pestic Biochem Physiol, 63 (1999) 173.
Dunwell D W & Evans D, J Med Chem, 20 (1977) 797.
Groth P, Acta Chem Scand, 27 (1973) 945.

Estiarte M A, Johnson R J, Kaub C J, Gowlugari S,
O’Mahony D J R, Nguyen M T, Emerling D E, Kelly M G,
Kincaid J, Vincent F & Duncton M A J, Medchemcomm,
3(2012) 611.

Shreedhara S H, Vagdevi H M, Jayanna N D, Ramappa
R, Pamidimukkala K, Prabhu D & Mohammed S, J
Chem Pharm Res, 9 (2017) 108.

Jayanna N D, Vagdevi H M & Dharshan J C, Inven Rapid
Med Chem vol, (2014) 2.

Murty M S R, Ram KR, Rao RV, YadavJ S, Rao J V,
Cheriyan VT & Anto RJ, Med Chem Res, 20 (2011) 576.
Patil ST & Bhatt P A, Synthesis (Stuttg), 1 (2010) 105.

. GuanA, QinY, WangJ & Li B, J Fluor Chem, 156 (2013)

120.

Rana D N, Chhabria M T, Shah N K & Brahmkshatriya
P S, Med Chem Res, 23 (2014) 2218.

Yang C, Zhi X & Xu H, Bioorganic Med Chem Lett, 25
(2015) 2217.

Rajyalakshmi G, Reddy A R N & Sarangapani M, (2012)
625.

Srinivas, A Vidyasagar & J Sarangapani M, J Chem
Pharm Res, 2 (2010) 319.

AnY, LeeE, YuY,YunJ,Lee MY, KangJS, KiImWY &
Jeon R, Bioorganic Med Chem Lett, 26 (2016) 3067.
Ma X, Ma X, Qiu X, Jin R, Kang C & Gao L, High Perform
Polym, 27 (2015) 734.

Bhagyasree J B, Samuel J, Varghese H T, Panicker CY,
Arisoy M & Temiz-Arpaci O, Spectrochim Acta - Part A
Mol Biomol Spectrosc, 115 (2013) 79.

Abdelgawad M A, Bakr R B & Omar H A, Bioorg Chem,
74 (2017) 82.

Belal A & Abdelgawad M A, Res Chem Intermed, 43
(2017) 3859.

Affeldt R F, De Amorim Borges A C, Russowsky D &
Severo Rodembusch F, New J Chem, 38 (2014) 4607.
Patil V, Padalkar V & Sekar N, J Lumin, 158 (2015) 243.
Kaur A, Pathak D P, Sharma V & Wakode S, Bioorganic
Med Chem, 26 (2018) 891.

Kim T H, Kim D G, Lee M & Lee T S, Tetrahedron, 66
(2010) 1667.

Watanabe H, Ono M, likuni S, Kimura H, Okamoto Y,
lhara M & Saji H, RSC Adv, 5 (2015) 1009.

Kamal A, Reddy K S, Khan M N A, ShettiRV CR N C,
Ramaiah M J, Pushpavalli S N C V L, Srinivas C, Pal-
Bhadra M, Chourasia M, Sastry G N, Juvekar A, Zingde
S & Barkume M, Bioorganic Med Chem, 18 (2010)
4747.

FeiX,GuY,LiC, LiuY&Yul,JFluoresc, 23 (2013) 221.
Majumdar K C, Ghosh T, Shankar Rao D S & Krishna
Prasad S, Lig Cryst, 38 (2011) 1269.

Bose D S & Idrees M, Synthesis (Stuttg), (2010) 398.
Kumar A, Maurya R A & Saxena D, Mol Divers, 14
(2010) 331.

36.

37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Int J Pharm Biol Sci.

Kawashita Y, Nakamichi N, Kawabata H & Hayashi M,
Org Lett, 5 (2003) 3713.

Nguyen T B & Retailleau P, Org Lett, 19 (2017) 3887.
Mirjalili B F, Bamoniri A & Bagheri E, J Iran Chem Soc,
13 (2016) 809.

Kasthuri M, Babu H S, Kumar K S, Sudhakar C & Kumar
P V N, Synlett, 26 (2015) 897.

Xiang P, Zhou T, Wang L, SunCY, HuJ, Zhao Y L & Yang
L, Molecules, 17 (2012) 873.

Bastug G, Eviolitte C & Marko | E, Org Lett, 14 (2012)
3502.

Calabro M L, Caputo R, Ettari R, Puia G, Ravazzini F,
Zappala M & Micale N, Med Chem Res, 22 (2013)
6089.

Peng J, Zong C, Ye M, Chen T, Gao D, Wang Y & Chen
C, Org Biomol Chem, 9 (2011) 1225.

Nahakpam L, Chipem F A S, Chingakham B S &
Laitonjam W S, Org Biomol Chem, 14 (2016) 7735.
Nimnual P, Tummatorn J, Thongsornkleeb C &
Ruchirawat S, J Org Chem, 80 (2015) 8657.

Lagadic E, Bruyneel F, Demeyer N, Hérent M F, Garcia
Y & Marchand-Brynaert J, Synlett, 24 (2013) 817.
SuS, LiJ, Sun M, Zhao H, Chen Y & Li J, Chem Commun,
54 (2018) 9611.

Benzekri Z, Sibous S, Serrar H, Ouasri A, Boukhris S,
Rhandour A & Souizi A, J Iran Chem Soc, 15 (2018)
2781.

Léopez-Ruiz H, Brisefio-Ortega H, Rojas-Lima S,
Santillan R & Farfan N, Tetrahedron Lett, 52 (2011)
4308.

Ramineni S, Kannasani R K & Peruri V V'S, Green Chem
Lett Rev, 7 (2014) 85.

Hossein Mosslemin M & Fazlinia A, Phosphorous,
Sulfur, and Silicon, 185 (2010) 2165.

Azizian J, Torabi P & Noei J, Tetrahedron Lett, 57
(2016) 185.

Chikhale RV, Pant A M, Menghani S S, Wadibhasme P
G & Khedekar P B, Arab J Chem, 10 (2017) 715.

Gupta R, Sahu P K, Sahu P K, Srivastava S K & Agarwal
D D, Catal Commun, 92 (2017) 119.

Ghodsi Mohammadi Z, Alireza B, Monireh S N &
Hassanzadeh M, Eur J Chem, 3 (2012) 433.

Padalkar V S, Gupta V D, Phatangare K R, Patil V S,
Umape P G & Sekar N, Green Chem Lett Rev, 5 (2012)
139.

Maddila S & Jonnalagadda S B, J Chil Chem Soc, 57
(2012) 1099.

Gorepatil P B, Mane Y D & Ingle V S, Synlett, 24 (2013)
2241.

Naeimi H, Rahmatinejad S & Nazifi Z S, J Taiwan Inst
Chem Eng, 58 (2016) 1.

Jiang Y, Jia S, Li X, Sun Y, Li W, Zhang W & Xu G, J
CHINESE Chem Soc, 64 (2017) 1.

Khalafi-Nezhad A & Panahi F, ACS Catal, 4 (2014)
1686.

LiaoJ Y, Selvaraju M, Chen CH & Sun C M, Org Biomol
Chem, 11 (2013) 2473.

Liu B, Yin M, Gao H, Wu W & Jiang H, J Org Chem, 78
(2013) 3009.

International Journal of Pharmacy and Biological Sciences

Basavaraju Bennehalli*etal | 763

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

e

67.
68.
69.
70.
71.
72.
73.
74.

75.

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

Mayo M S, Yu X, Zhou X, Feng X, Yamamoto Y & Bao
M, J Org Chem, 79 (2014) 6310.

Neumann K T, Lindhardt A T, Bang-Andersen B &
Skrydstrup T, Org Lett, 17 (2015) 2094.

Patil M R, Bhanushali J T, Nagaraja B M & Keri R S,
Comptes Rendus Chim, 21 (2018) 399.

Wu F, Zhang J, Wei Q, Liu P, Xie J, Jiang H & Dai B, Org
Biomol Chem, 12 (2014) 9696.

Bardajee G R, Mohammadi M, Yari H & Ghaedi A,
Chinese Chem Lett, 27 (2016) 265.

Banerjee S, Payra S, Saha A & Sereda G, Tetrahedron
Lett, 55 (2014) 5515.

Shelkar R, Sarode S & Nagarkar J, Tetrahedron Lett, 54
(2013) 6986.

Teimouri A, Chermahini A N, Salavati H & Ghorbanian
L, J Mol Catal A Chem, 373 (2013) 38.

Maleki B, Baghayeri M, Vahdat S M, Mohammadzadeh
A & Akhoondi S, RSC Adv, 5 (2015) 46545.

Sarode S A, Bhojane J M & Nagarkar J M, Tetrahedron
Lett, 56 (2015) 206.

Wang Y, Wu C, Nie S, Xu D, Yu M & Yao X, Tetrahedron
Lett, 56 (2015) 6827.

Rezayati S, Mehmannavaz M, Salehi E, Haghi S,
Hajinasiri R & Abad S A S, J Sci Islam Repub Iran, 27
(2016) 51.

76.

77.

78.

79.

80.

81.

82.
83.

84.

85.
86.

87.

Int J Pharm Biol Sci.

Bachhav H M, Bhagat S B & Telvekar V N, Tetrahedron
Lett, 52 (2011) 5697.

Bardajee G R, Mohammadi M & Kakavand N, App/
Organomet Chem, 30 (2016) 51.

Sharma H, Singh N & Jang D O, Green Chem, 16 (2014)
4922.

Dev D, Chandra J, Palakurthy N B, Thalluri K, Kalita T &
Mandal B, Asian J Org Chem, 5 (2016) 663.
Nikpassand M, Fekri L Z & Farokhian P, Ultrason
Sonochem, 28 (2016) 341.

Wen X, Bakali J El, Deprez-Poulain R & Deprez B,
Tetrahedron Lett, 53 (2012) 2440.

Nieddu G & Giacomelli G, Tetrahedron, 69 (2013) 791.
Liu X, Liu M, Xu W, Zeng M T, Zhu H, Chang CZ & Dong
Z B, Green Chem, 19 (2017) 5591.

Phakhodee W, Duangkamol C, Wiriya N &
Pattarawarapan M, Tetrahedron Lett, 57 (2016) 5290.
Shih 'Y, Ke C, Pan C & Huang Y, RSC Adv, 3 (2013) 7330.
Suresh D, Dhakshinamoorthy A & Pitchumani K,
Tetrahedron Lett, 54 (2013) 6415.

Safaei E, Alaji Z, Panahi F, Wojtczak A & Jaglici¢ J Z,
New J Chem, 42 (2018) 7230.

International Journal of Pharmacy and Biological Sciences

Basavaraju Bennehalli*etal | 764

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

