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Abstract

Background: According to the report published recently by the World Health Organization, the number of cancer
cases in the world will increase to 22 million by 2030. So the anticancer drug research and development is taking
place in the direction where the new entities are developed which are low in toxicity and are with improved
activity. Benzoxazole and its derivative represent a very important class of heterocyclic compounds, which have a
diverse therapeutic area. Recently, many active compounds synthesized are very effective; natural products isolated
with benzoxazole moiety have also shown to be potent towards cancer.

Main text: In the last few years, many research groups have designed and developed many novel compounds
with benzoxazole as their backbone and checked their anticancer activity. In the review article, the recent
developments (mostly after 2015) made in the direction of design and synthesis of new scaffolds with very potent
anticancer activity are briefly described. The effect of various heterocycles attached to the benzoxazole and their
effect on the anticancer activity are thoroughly studied and recorded in the review.

Conclusion: These compiled data in the article will surely update the scientific community with the recent
development in this area and will provide direction for further research in this area.

Keywords: Benzoxazole, Anticancer activity, Cytotoxicity, Cell lines, Antitumor activity, Anti-proliferative activity

Background

Cancer is a one of the major health problem for human
beings with the leading mortality rate [1]. Natural, syn-
thetic, or biological and chemical substances are the
cancer-causing agents [2]. Many drugs are used to cure
it, but they have their own toxic side effects [3]. Hence,
there are lots of research carried out to synthesize new
[4-6], effective, and affordable anticancer drugs with
more selectivity, minimum dosage, and lesser side
effects.

Drug discovery over the years have focussed more on
the heterocyclic chemistry due to their huge success rate
in forming active pharmaceutical intermediate. Among
the heterocyclic compounds, benzoxazole is one of the
most important heterocyclic compound which exhibit
remarkable pharmacological activities [7—11]. There are
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many reportation of synthetic compounds and naturally
occurring compounds with benzoxazole backbone show-
ing a very active anti-cancer activity. Different research
groups have done much progress in designing com-
pounds with benzoxazole, synthesizing them, and col-
lecting anticancer activity data of those against various
human cancer cell lines. An attempt has been made to
see how various heterocyclic moiety attached with ben-
zoxazole have an effect on the anticancer activity of the
various benzoxazole compounds synthesized by different
groups. A compiled data of all these recent articles helps
in providing a direction towards further research.

Benzoxazole attached with various heterocyclic
moiety and their anticancer activity
Benzoxazole-piperazine moiety

Al-Harthy et al. [12] have designed few benzoxazole at-
tached to piperazine derivatives and tested it over hu-
man A-549 lung carcinoma cells. The initial results were
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not that satisfactory, and the results were low which was
due to the low solubility of the aryl piperazine com-
pounds, and these compounds precipitated in the cell
culture media. The solubility of the compounds can be
improved by using N-methylpiperazine instead of aryl
piperazine at position-6 of the benzoxazole, and the me-
thyl group at position-2 can be replaced with a carba-
mate functional group. The one pot reductive cyclization
with indium reduced the number of steps, and com-
pounds were synthesized with high yield. The general
compound structure is added below (Fig. 1).

Murty et al. [13] reported that the long chain pipera-
zine attached to benzoxazoles coupled with oxadiazoles
have shown anticancer effect. The various oxadiazoles
were prepared in simple steps and were coupled with
the aryl piperazine derivatives using KF-Al,O3; with
acetonitrile as a solvent at 80 °C heating. The cytotox-
icity of the compound synthesized was checked on five
human cancer cell lines. The ICs, values were deter-
mined on cancer cell lines of different origin like MCF-7
(breast), HeLa (cervical), HepG2 (liver), A431 (skin), and
A549 (lung). All the compounds showed ICs, value less
than 100 in MCEF-7 cell line out of which 8a, 8e, 8j, and
8t were observed to be more cytotoxic as compared to
others. Few of the compounds which were having ben-
zothiazole backbone instead of benzoxazole have a very
good effect on MCF-7 cell line.

The compounds which have an amide linkage have a
high cytotoxic effect over the A431 cell line (Fig. 2). All
the compounds synthesized showed good results to-
wards the A431 cell line as compared to other cell lines.

Benzoxazole-1,3,4-oxadiazole moiety

1,3,4-Oxadiazole [14] are a potent moiety to show a var-
iety of biological activity. A few more amide compounds
benzoxazole-1,3,4-oxadiazole compounds [15] were pre-
pared (Fig. 3), and their anti-cancer activity was screened
against 4 human cancer cell lines involving A549 (lung
cancer), MCF-7 (breast cancer), A-375 (melanoma can-
cer), and HT-29 (colon cancer) using CA-4 as a positive

R=7a=H

R 7b= p-CH,
| 7¢c= p-OH

7d= p-F
7e= p-OCH,4
7f= 0-OH
7g=o-F
7h= m-0OH
7i= m-OCH,4
7j=3,4-Cl

7a-j

Fig. 1 Benzoxazole-piperizine derivatives

(2020) 6:94

Page 2 of 24

S |
o, J—/%\N’N
O
N (8e) o
N)J\@
N
%O |
SN
_N
fe) — J—/ N
@i,\,%”\ N (8i)
o

s—K |

S S\ J—/ NN
@[N/%N\ N (8t)

Fig. 2 Benzoxazole-piperazine-1,3,4 oxadiazole compounds

control. Off these synthesized compounds, it was ob-
served that compounds 12b, 12¢, and 12g are showing
anticancer activity against HT-29 cancer cell line, and
the results are better than the standard drug. Few other
compounds 12b, 12f, 12 g and 12i were observed to be
very active towards MCF-7 cancer cell lines. 12b and 12i
were observed to be active against A-549 cell lines.
Compound 12b has shown very good activity against
HT-29, MCEF-7, and A-549 cell lines.

Benzoxazole-1,2,4-oxadiazole moiety

1,2,4-Oxadiazole [16, 17] derivatives are well reported in
literature to show anti-proliferative activity. Benzoxazole
fused with benzofuran and 1,2,4-oxadiazole [18] (Fig. 4)
was synthesized in minimum steps and high yields, and
cytotoxicity activity was determined against human
breast cancer (MCF-7), lung (A549), melanoma (A375),
and colon (HT-29) cell lines with combretastatin-A4 as
a positive control. Compounds 11b, 11c, 11d, 11g, 11h,
and 11i were having more potent activity as compared
to the positive control.

Benzoxazole-pyrazolinone derivative

New derivatives of benzoxazole, benzothiazole, and
benzimidazole derivatives [19] (Fig. 5) were prepared. It
was observed that without substitution at N-2, the com-
pounds show very poor anti-proliferative activity as
compared to substitution at N-2 of pyrazolinone.

Phenyl and acetyl substitution was done on the N-2 of
pyrazolinone, and it increases the antiproliferative activ-
ity of the compounds. The acetylated compound (Fig. 6)
was arranged as per their activity 12a > 12b > 12c
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12a, R=H

12c, R=4-methoxy
12e, R=4-bromo
12g, R=4-nitro
12i, R=4-cyano

Fig. 3 Benzoxazole-1,3,4 oxadiazole derivatives

12b, R= 3.4,5 trimethoxy
12d, R=4-Chloro

12f, R=4-fluoro

12h, R=4-methyl

12j, R=3,5 dimethoxy

according to their ICsq value. Now if the substitution
was changed from acetyl to phenyl, then 13b > 13a >
13c according to their ICs, value.

These N-2-substituted pyrazolinone derivatives were
found to be very active towards MCF-7 and A-549 cell
lines. Compound 12a was found to be the most active
compound against MCF-7 and A-549 cell lines with half
maximal inhibitory concentrations (IC50) = 6.42 and
8.46 uM.

The docking study of these compounds explains very
well the interaction of the structural features and bind-
ing patterns of the compounds inside the active sites
with the residual amino acids.

Benzoxazole-triazole derivative

Various other heterocycles were attached with the
benzoxazole moiety to evaluate the anticancer activity.
It was observed that benzoxazole and triazole have a
wide activity spectrum, and, hence, Srivastava and
team [20] (Fig. 7) have developed a one pot multi-
component reaction to prepare benzoxazole-triazole
scaffolds which when evaluated for anticancer activity
against HeLa, SKBr3, and HepG2 cancer cell lines

have shown very interesting activity. The synthesis of
benzoxazole-linked triazoles was rationalized in two
sequential steps in one pot. This involved an in situ
generation of alkyne from the corresponding
dibromo-olefin precursor through C-H activation of
benzoxazole at C-2 position. This was followed by 1,
3-dipolar cycloaddition between the alkyne and benzyl
azide to form the triazole ring. The reaction are cop-
per iodide-mediated involving lithium tert-butoxide as
a base and heating at 120°C in the first step followed
by addition of benzyl azide and heating at 150°C for
another 12h. These series of compounds were
screened with HeLa, SKBr3, and HepG2 cancer cells,
and they were observed to have potential anticancer
activity. Compound 4{2,2,2} has been identified to
have potent cytotoxic effect against cancer cell lines:
HeLa, SKBr3, and HepG2, and is comparable to the
control daunomycin.

Similarly, new series of fused benzoxazole and triazole
compounds (Fig. 8) were synthesized, and anticancer ac-
tivity [21] was evaluated against PBMC cell lines. The
substitution was carried out at the thiol to prepare a
series of compounds. Compound 12 was found to have
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11a-j

Fig. 4 Benzoxazole-1,2,4 oxadiazole derivatives

11a R=H

11b R=3,4,5 trimethoxy
11c R=4-Methoxy

11d R=4-Chloro

1le R=4-Bromo

11f R=4-Fluoro

11g R=Nitro

11h R=Cyano

11i R=4-methyl

11j R=4-trifluoromethyl
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the best activity; few of the compounds in the series
were having a very good antibacterial activity.

Receptor tyrosine kinase is considered as an important
therapeutic area of cancer as it is responsible for the cell
growth and differentiation. Benzoxazole/benzimidazole-
linked triazolotriazines [22] were synthesized, and anti-
cancer activity was evaluated against A549, MCEF-7,
HepG2, and MDA-MB-231 cell lines. These compounds
were selectively very potent towards HepG2 cell lines
with compound 8e (Fig. 9) ICs, value very close to
standard compound crizotinib.

On similar lines, Dadashpour and group [23] also
made some 1,2,3 triazole-fused benzoxazole compounds,
and antimicrobial, antifungal, and anticancer activities
were evaluated. Though these series of compounds
showed very good antibacterial and antifungal activity,
these compounds were unable to show relatively good
anticancer activity.

Benzoxazole-combretastatin derivative

Series of ten benzoxazole derivaties of combretastatin A-
4 [24] (Fig. 10) were synthesized and were evaluated
against various cancer cell lines like Coco-205 (colon),
A-549 (lung), and MCEF-7 (breast) cell line, and interest-
ingly, it was observed that compound 8d was more po-
tent than the standard compound against MCE-7 and
A549 cell lines. Combretastatin A-4 is a natural product
and was isolated from South African willow tree Comi-
bretum caffrum in 1989, and it shows anticancer activity

against various cancer cell lines in nanomolar
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concentration. The structure of these new compounds
was based on the structure of Combretastatin natural
product, and cytotoxicity activity was studied.

The synthesis of these compounds was started from
substituted phenyl acetic acid and substituted benzalde-
hyde followed by cyclization with amino phenol to get
benzoxazole. The synthesized compounds were evalu-
ated against selected cell lines like Colo-205 (colon), A-
549 (lung cancer), and MCF-7 (breast) by using SRB
assay, and results show that compound 8d has shown
better activity than standard in 2 of the cell lines (MCE-
7 and A-549).

Few more benzoxazole-linked combretastatin com-
pounds (Fig. 11) were synthesized [25] which were not
structurally very different from the previous compounds
and were tested against three human cancer lines breast
(MCE-7), lung (A549), and melanoma (A375). Most of
these compounds showed moderate anti-cancer activity,
but compounds 11g, 11h, 111, 11m, and 11n have shown
very potent activity. Molecular docking study was carried
out for these compounds, and 11g and 111 were ob-
served to have strong binding interaction with the
receptor.

Bisbenzoxazole derivative

Few other natural-occurring substances also show cyto-
toxicity activity. Bis(benzoxazole) natural products UK-1
and AJI9561 (Fig. 12) have already been reported to have
cytotoxic activity [26, 27]. Kumar et al. [28] subsequently
reported the activity of UK-1 against a wide range of hu-
man cancer cell lines.

Both UK-1 and AJI9561 were reported to possess
growth inhibitory activity against the murine cancer cell
line P388. UK-1 though has a very strong anti-
proliferative activity but does not inhibit the growth of
gram-positive and gram-negative bacteria, fungi, or
yeast. UK-1 exhibits a wide spectrum of potent antican-
cer activity against leukemia, lymphoma, and certain
solid tumor-derived cell lines, with ICs, values of as low
as 20 nM. The natural product of bis(benzoxazole), UK-

X=NH,O,S

Fig. 6 Benzoxazole-pyrazolinone derivatives
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Fig. 7 Benzoxazole-triazole derivatives

1, has potential for use against cancer cell lines. The
analog of UK-1 in which the carbomethoxy-substituted
benzoxazole ring was replaced with a carbomethoxy-
substituted benzimidazole ring was inactive against hu-
man cancer cell lines and the two strains of S. aureus. In
contrast, a simplified analog in which the carbomethoxy-
substituted benzoxazole ring of the UK-1 was replaced
with a carbomethoxy group was almost as active as UK-
1 against the four cancer cell lines examined but lacked
activity against S. aureus. The metal-binding affinity of
these synthesized compounds was studied, and it was
observed that they demonstrate good binding towards
Zn** and Ca®* ions. The non-cytotoxic benzimidazole
UK-1 analog binds Mg>* ions 50-fold weaker than UK-1,
whereas the simple benzoxazole analog binds Mg>* ions
nearly as well as UK-1. These results support a role of
Mg®* ion binding in the selective cytotoxicity of UK-1
and provide a minimal pharmacophore for the selective
cytotoxic activity of the natural product.

Structurally similar bis(benzimidazole) [29] derivatives
(Fig. 13) were synthesized and it was observed that com-
pounds 17 and 18 exhibit potent anticancer activity.
Interestingly, compound 16 which is the synthetic

precursor of compounds 17-19 was found to be more
potent than UK-1 against human lung (A-549) and epi-
thelial (HeLa) carcinoma cell lines. Therefore, further
work with UK-1, compounds 15-18, and their analogs
must be conducted to determine whether such targeting
is involved in the selective cytotoxicity of UK-1 and
compounds 15-18, and whether the promising spectrum
of the in vitro anticancer activity of UK-1 and 15-18 re-
ported herein is also reflected in vivo.

Bis(benzoxazole) natural product (UK-1) shows activ-
ity against a wide range of human cancer cell lines,
therefore, a very similar compound 4-carbomethoxy-2-
(2’-hydroxyphenyl) benzoxazole [30] has comparative ac-
tivity similar to the natural product UK-1 and also
formed complexes with a variety of metal ions such as
Mg**, Cu®**, Zn**. Analogs of 4-carbomethoxy-2-(2-
hydroxyphenyl)benzoxazole that were prepared whose
structure remain very similar to UK-1 were synthesised,
and anticancer activity of these compounds were exam-
ined against breast and lung cancer cell lines. To check
the ability of these synthesized analogs and UK-1 to co-
ordinate with Mg®*, Cu®*, and Zn>*, spectrophotometric
titrations were carried out in methanol.

R
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o
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Fig. 8 Benzoxazole-fused triazole compounds
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X=0,NH

8e X=NH,R=Cl

Fig. 9 Benzoxazole/benzimidazole-linked triazolotriazines

\

Although none of the new analogs were more cyto-
toxic than 4-carbomethoxy-2-(2’-hydroxyphenyl)benzox-
azole, some analogs were identified that display similar
cytotoxicity to this simplified UK-1 analog with im-
proved water solubility. It was found that UK-1 and all
of these new analogs (Fig. 14) bind Cu®* ions better than
Mg®" ions, and the nature of the 4-substituent is import-
ant for the Mg>* ion-binding ability of these 2-(2’-hydro-
xyphenyl)benzoxazoles. Previous studies of a limited
number of UK-1 analogs demonstrated a correlation be-
tween Mg”* ion binding ability and cytotoxicity; how-
ever, within this series of 4-substituted-2-(2’-
hydroxyphenyl)benzoxazoles, the variations in cytotox-
icity do not correlate with either Mg** or Cu** ion-
binding ability. These results, together with recent ESI-
MS studies of Cu®*-mediated DNA binding by UK-1
and analogs, indicate that UK-1 and analogs may exert
their cytotoxic effects by interaction with Cu®** or other

OMe
a R=H i R=5-Br
b R=4-Me j R=6-Br
c R=5-Me k R=6-Cl
d R=6-Me | R=5-NO,
e R=5,6-DiMe  m R=5-CI-6-NO,
f R=7-Me n R=5,7-DiNO,
g R=5-OMe
h R=6-OMe

Fig. 11 Benzoxazole-combretastatin derivatives

transition metal ions, rather than Mg”*, and that metal
ion-mediated DNA binding, rather than metal ion-
binding affinity, is important for the cytotoxic effect of
these compounds. The potential role of Cu®** ions in the
cytotoxic action of UK-1 is further supported by the ob-
servation that UK-1 in the presence of Cu®* displays en-
hanced cytotoxicity to MCF-7 and A549 cells when
compared to UK-1 alone. This result is very promising
in the future research activity. Few more structurally
similar compounds to that of UK-1 were synthesised,
and their anti-proliferative activity were studied.

A new benzoxazole derivative [31] which has a very
similar structure to UK-1 was isolated from the

/

R~

N

=
O /

MeO OMe

Fig. 10 Benzoxazole-combretastatin derivatives
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Streptomyces species (strain Tii 6176) that was found to
be having very strong growth inhibitory action against
various human tumor cell lines. This Streptomyces spe-
cies was collected from the soil sample from Brazil. This
is called as nataxazole (Fig. 15), and it was prepared
through batch fermentation of strain T 6176, the
process engaging for 72 h before extraction with ethyl
acetate and column purification over Sephadex LH-20
and Toyopearl HW-40 using MeOH/MDC as mobile
phase. The structure of this compound was elucidated
by various NMR experiments. The inhibitory action of
nataxazole (1) on the growth of tumor cells was com-
pared with UK-1 and tested with various human tumor
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N
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Fig. 13 Bisbenzimidazole derivatives

cell lines AGS (gastric adenocarcinoma), MCF7 (breast
adenocarcinoma), and HepG2 (hepatocellular carcin-
oma). From the resulting concentration-activity curves,
the GI50 (concentration at which half of the cells were
inhibited in their growth) and TGI values (concentration
at which a total inhibition of cell growth was observed)
were obtained. The cytotoxic activity of 1 is somewhat
better than UK-1 against AGS cells (Gl5¢ 0.4 m g/ml vs.
0.8mg/ml for UK-1) and equal against MCF-7 and
HepG2 cells. The cell-cycle analysis revealed that natax-
azole (1) and UK-1 produce an accumulation of cells in
S phase and reduce the ratio of cells in the G2/M phase.
These findings indicate that nataxazole and UK-1 may
exert their inhibitory effect on cell growth by a similar
mechanism of action.

A new series of bisbenzoxazole [32, 33] derivatives
were prepared by heating 2 equivalents of 4-chloro 2-
aminophenol with substituted dicarboxylic acids in PPA.
These bisbenzoxazole derivatives (Fig. 16) were then
evaluated against human prostate (DU145) and breast
cancer cell lines (MCF-7). The cell viability results indi-
cated that both of these compounds have a significant
effect on human prostate (DU145) and breast cancer
(MCE-7) cell lines. To confirm the side effects of these
compounds, these compounds were tested against
mouse fibroblast cells 1929, and they have shown anti-
proliferative effect on fibroblast cells in time- and dose-
dependent manner.

2-Aryl-benzoxazole derivative

In 2015, Sun and co-workers [34] isolated a new series
of compounds from the halophilic bacterial strain
Nocardiopsis lucentensis DSM 44048 and tested their
cytotoxicity against a panel of human tumor cell lines,
and these compounds were known as nocarbenzoxa-
zoles, and structures of these compounds were based on
2-aryl benzoxazole. Of these compound, isolated
nocarbenzoxazoles-F (1) and nocarbenzoxazole G (2)
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Fig. 14 Analogs of UK-1

(Fig. 17) were observed to have selective activities of
HepG2 and Hela cell lines.

Later, Kim and team [35] have come up with a coup-
ling process on benzoxazoles to prepare nocarbenzoxa-
zole and observed that analytical data of synthetically
prepared nocarbenzoxazole was not matching with the
naturally isolated product, and revised structure of
nocarbenzoxazole was validated by the total synthesis. A
series of more 2-aryl benzoxazole (Fig. 18) was prepared
and activity checked with HeLa cells and compound ob-
served to be selective activity against HeLa cell lines and
did not have any remarkable effect on other cell lines.

A series of imidazolinone and benzoxazole derivatives
[36] were synthesized by the condensation of oxazolidi-
none derivatives with aniline and 2-hydroxyaniline.
These compounds were further acetylated with acetic
anhydride and chloroacetyl chloride to prepare acetyl
derivative of the parent compounds. The compound syn-
thesized was tested against various human cell lines, and
the results revealed that imidazolinone and benzoxazole
derivatives are potent against the cancer cell lines. In

particular, it was found that the benzoxazole derivatives
were more potent than imidazolinone derivatives. The
biological results obtained for these compounds confirm
that they are most potent against the human breast
tumor cells (MCF-7) and human hepatocellular cancer
cells (HepG2).

A new series involving benzothiazoles and benzoxa-
zoles [37] was synthesized using 4-benzothiazol-2-ylphe-
nylamine and 4-benzoxazol-2-yl-phenylamine (Fig. 19)
as starting materials. The first series of compounds in-
volve Schiff base formation with various aldehydes, and
the second series involves the condensation of 4-
benzothiazol-2-ylphenylamine and 4-benzoxazol-2-yl-
phenylamine with chloroacetyl chloride followed by dis-
placement of chloro with various amines. All these com-
pounds which were synthesized were evaluated for their
antitumor activities against various human breast cancer
cell lines mainly MCF-7 and MDA-231. All the com-
pounds synthesized showed antitumor activity especially
the N-methylpiperazine-substituted compounds mainly
compound 6¢ and 6f The docking results of the
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Fig. 15 Structure of nataxazole and UK-1
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Fig. 16 Bisbenzoxazole derivatives

synthesized compounds were seen against epidermal
growth factor receptor, and these compounds show very
good interaction against them.

Further, a new series of hybrid compound [38] of
benzothiazole-pyrazole and benzoxazole-pyrazole com-
pounds (Fig. 20) were synthesized, and their anticancer
activity were evaluated. In comparison to celecoxib, the
pyrazole moiety was replaced with pyrazolinone, linked
to benzothiazole or benzoxazole at C4 with different
substituents at C3 aiming to obtain new hybrids useful
as anticancer active agents. The synthesis of these com-
pounds was started through very simple precursors like
2-aminophenol and 2-amino thiol which were con-
densed with 4-substituted benzoic acid.

The new hybrids were screened against lung, breast,
and liver cancer cell lines (A549, MCF7, and Hep3B), in
addition to normal fibroblast cells. Compound 13a was
the most active and selective one on the lung cancer cell
line (A549); its IC50 and SI values were 2.4 uM and 83.2,
respectively. Compound 14b was active on MCF-7 with
the best selectivity towards this cell line. The new deriv-
atives were screened for their inhibitory activity against
COX enzymes; the obtained results revealed that

N
HO
@)

nocarbenzoxazole F (1)

MeO

N
HO
0

nocarbenzoxazole G (2)

Fig. 17 Nocarbenzoxazole F and G
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N
HO
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Reported nocarbenzoxazole G
OMe

N
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actual nocarbenzoxazole G

Fig. 18 Reported vs. actual nocarbenzoxazole G

compounds 13a and 14b were more active inhibitors for
COX-2 than celecoxib.

Benzoxazole-hydrazone derivative

A series of benzoxazole-5-carbohydrazide derivatives
[39] (Fig. 21) were prepared by condensation with differ-
ent substituted isatin compounds. These derivatives were
further checked with various in vitro anticancer cell lines
like HeLa, IMR-32, and MCEF-7 cancer cell lines using
MTT method. These compounds were observed to be
active against all the three cell lines. From the initial
study, it was observed that the compounds having
electron-withdrawing group have a better biological ac-
tivity as compared to the compounds which are not

Cry-O I

X=0,S

43 X=0
4b X=S

X - /
O
X= 0,5 &_'\E

6c X=0
6f X=S

Fig. 19 Benzoxazole-Schiff base compounds
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Ry
13a X=0, R1=NO,
V.
N 13b X=S, R1=NO,
=N 14a X=0, R1=Cl

14b X=S, R1=Cl

X=0,5
0
»\R 10a X=0, R=CH,
HN
10b X=S, R=CH,
=N 11a X=0, R=CgHs

11b X=S, R=CgHs
12a X=0, R=CH,Cl
12b X=0, R=CH,Cl
X=0,5

Fig. 20 Benzoxazole/benzothiazole-pyrazolinone derivatives

\

substituted. Other observation in the biological activity
was, those compounds which have a substitution at C-5
on isatin moiety especially with different halides rather
than C7 have a better biological activity. This informa-
tion might help in the development of anticancer in fu-
ture. The general structure of the compound is added
below.

Hydrazone moiety plays a very important role in the
anticancer drug development. New benzoxazole-based
hydrazine derivatives were designed [40] (Fig. 22). Syn-
thesized and in vitro cytotoxic effects were diagnosed on
C6 rat glioma and NIH/3 T3 mouse embryonic fibroblast
cell lines followed by flow cytometry-based apoptosis de-
tection in C6 cell line. The compound 3g looks out to be
a promising candidate for further studies.

2-Thiobenzoxazole derivative

It was previously reported [41] that benzothiazole de-
rivative compounds have shown very impressive antican-
cer in vitro activities, and based on that, some
compounds were synthesized by Wang et al. Com-
pounds la and 1b (Fig. 23) show very poor solubility and

HN—° 0
R, - Hﬂ )—NH,
N~ N
o)
Rl

Fig. 21 Benzoxazole-5-carbohydrazide derivatives

3b R=NO,
3c R=CN
3d R=F
3e R=Cl
3f R=Br
3g R=Ph

Fig. 22 Benzoxazole hydrazone derivatives

show moderate inhibition against HepG2 and MCEF-7
cell lines, and hence, the lead optimization of compound
la and 1b were done.

To increase the solubility of these compounds, N-
methylpiperazine was introduced in position 2 and pos-
ition 6 (Fig. 24) [42]. The results were impressive; the
modified compounds have shown very comparative re-
sults as compared to compound la with better solubility.
It was also noticed that in compound le where the ben-
zyl group was replaced with N-methylpiperazine group
leads to the total loss of activity of the compound. The
introduction of N-methylpiperazine substituent at the 6-
position (le) had a detrimental effect on the potency,
that is, about 20-50-fold decrease in potency, compared
with that of 1a. These results gave indication that the N-
methylpiperazine was well tolerated in 2-position so
benzothiazole moiety was replaced with benzoxazole and
benzimidazole, and it was to the delight that these new
series of novel compounds still retain their anticancer
activity.

HN
~ N / <
o 9 /@:\}—s 0
N S
H
1a
HN

o) NG

N—g o)
H

Cl 1b

Fig. 23 Benzothiazole-amide derivatives
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1c X=S, R= Chloromethyl

~
Fig. 24 Benzothiazole/benzoxazole amide derivatives

1d X=S, 1f X=N, 1g X=0, R=2-methoxyphenyl

2 Cr

Cl

HN

:\>_ 2

In the preliminary in vitro biological evaluation, the
immunofluorescence staining of HCT116 cells indicated
that 1d, 1f, and 1g led to cytosolic vacuolization which
was not induced by la at low micromolecular concentra-
tions. These results were impressive and suggest that
these optimized compounds might potentially constitute
a novel class of anticancer agents, which could fuel fur-
ther studies.

A new series of compounds [43] were prepared by
linking benzothiazole, benzoxazole, and pyridine to a
hydrophilic moiety like a glycoside. This presence of
hydrophilic moiety increases the solubility of these het-
erocycles and an improved selectivity toward cancer cells
which are known to be specifically enriched in carbohy-
drate receptors such as lectins. The structure of these
compounds was well confirmed through ROESY, DFQ-
COSY, HMBC, and HMQC NMR spectra. The bio-
logical activity of these compounds confirms that these
compounds were not that effective against anticancer
cell lines.

The synthesis of a range of 2-phenyl-benzothiazoles,
-benzoxazoles, and -chromen-4-ones [44] related to the
potent antitumor lead compound 2-(3,4-dimethoxyphe-
nyl)-5-fluorobenzothiazole has been accomplished.
Evaluation against the MCF-7 and MDA 468 breast can-
cer cell lines revealed compounds within the new series
with potent (submicromolar Glso) activity in both cell
lines (e.g., 9a, b and 12a, d). Although none of the new

series was able to recapitulate the potent antitumor
properties  of  2-(3,4-dimethoxyphenyl)-5-fluoroben-
zothiazole, the new compounds were significantly more
active than the structurally related benzimidazoles. Anti-
tumor potency appeared to correlate with the emergence
of a G2/M cell cycle block. For lead compound 2-(3,4-
dimethoxyphenyl)-5-fluorobenzothiazole, binding to the
aryl hydrocarbon receptor appeared to play an important
role in growth inhibition.

Benzoxazole-pyrazole derivative

Novel substituted pyrazolo-benzoxazole [45] compounds
(Fig. 25) were synthesized, and the cytotoxicity activity
was checked against MCF-7, KB, Hop62, and A549 can-
cer cell lines. The compounds with methoxy substitution
at positions 5 and 6 were observed to have an excellent

N
R'—\ N4
Z0

|
N-N

H

Fig. 25 Benzoxazole pyrazole derivatives
- J
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anticancer activity. The compounds having nitro substi-
tution at 6 position was observed to have very good anti-
tumor activity against MCF-7 and A-549 cell lines.
Compounds having nitro disubstitution at 5 and 7 was
also found have very good anticancer activity against A-
549 cell lines. Few other compounds were also prepared
where benzoxazole moiety was exchanged with benzo-
furan backbone, and anticancer activity was tested.

Benzoxazole-quinoline derivative

A one pot synthetic strategy for the synthesis of hybrid
of benzoxazole with quinoline and quinoxaline com-
pounds (Fig. 26) was employed to prepare some active
anticancer compounds [46]. The synthesis involves heat-
ing substituted 2-aminophenols and corresponding alde-
hyde with equal equivalents of silica chloride for 3—4h
at 120 °C without any solvent. Molecular docking of
these compounds revealed that these compounds inhibit
enzyme protein tyrosine kinase. The cytotoxicity study
of these compounds (4a-f) showed that these com-
pounds are more potent towards breast cancer cell lines
MCE-7 and MDA-MB-231 as compared to oral and lung
cancer cell lines KB and A-549. The compound 4c was
found to be very active and showed the maximum inhib-
ition in the activity of enzyme tyrosine kinase. Molecular
docking revealed that the compound 4c has formed 2
hydrogen bond interaction, one taking place with the ni-
trogen of benzoxazole with Thr-766 while the other
through the nitrogen of quinoxaline with Met769 which
corresponds to the active site of the enzyme.

Benzoxazole derivative and VEGFR-2 inhibition

The VEGF signaling pathway plays an important role in
determining tumor angiogenesis [47]. Many studies have
shown that the abnormal expression of VEGFR-2 in

@)
/>7Ar
N

X
R
7

4a, R=5-Br, Ar=4-Nitrophenyl

4b, R=5-Br, Ar=4-Bromophenyl
4c, R=5-Br, Ar=Quinoxalinyl

4d, R=H, Ar=Quinoxalinyl

4e, R=H, Ar=2-Chloroquinolinyl
4f, R=5-Br, Ar=2-Chloroquinolinyl

Fig. 26 Benzoxazole fused with quinoxalin
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tumor cells is related to tumor growth and migration
[48]. Therefore, inhibition of VEGF and VEGFR-2 sig-
naling pathways plays a very important therapeutic tar-
get for tumor angiogenesis and subsequent tumor growth.
Sorafenib is already approved as antiangiogenic drug [49,
50], and based on the structure, it was found out that
major VEGFR-2 inhibitory compound has 4 main features,
and 3 series of compounds with benzoxazole/benzothia-
zole backbone were synthesized [51] (Fig. 27), and

R/O: N/>7SM—<O

N~
nHN4</ |N
S

43 R=H, n=1
4b R=H, n=2
4c R=CHj, n=2

Ly,

0] N
0 A

= |
—R
NN
9a R=H, 9b R=2-Cl 9c R=4-Cl
9d R=2,6(Cl), 9e R=4-F 9f R=4-CH,
9g R=2-OCH;, 9h R=4-OCH; 9i R=4-N(CH,),
9j R=3-NO,

S
N/>_N>;lﬂ ’

HN
° S\<\N ) —CN

R
11a R=H, 11bR=F 11c R=CH,

11d R=OH 11le R=0CHj,

Fig. 27 VEGFR-2 inhibition compounds
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cytotoxicity was checked against various cancer cell lines
HepG2, HCT-116, and MCF-7. Compound 4b was found
to be very active against all the 3 cell lines. All the 3 series
of compound were evaluated against VEGFR-2 inhibition,
and compounds 4b and 4c were found to have a very close
value against standard Sorafenib compound.

Few more 6-amide-2-aryl benzoxazole and benzimid-
azole compounds [52] were synthesized based on the ac-
tive site of VEGFR-2, and in vitro activity was checked.
These compounds were seen to be more potent against
HUVEC and HepG2 cancer cell lines as compared to
A549 and MDA-MB-231 cancer cell lines. These 37
newly synthesized compounds were evaluated for anti-
angiogenesis capability by chick chorioallantoic mem-
brane (CAM) assay. Compound 9d showed the most po-
tent anti-angiogenesis activity. General structure of the
37 newly synthesized compound is added in Fig. 28.

The molecular docking of these compounds was stud-
ied, and it was found that compound 9d is a type-II in-
hibitor of VEGFR kinase. These results were very
promising and can be utilized in future for potential
treatment of anti-angiogenesis.

Benzoxazole-sulphamide derivative

El-Helby et al. [53] developed few more hybrid com-
pounds of benzoxazole-sulphamide side chains (Fig. 29),
and they were tested against HepG2, HCT-116, and
MCE-7 cell lines. All these compounds have shown very
good activity against HCT-116 cell line. Compound 5e
was the most potent compound which showed very good
activity against all the 3 cell lines. The most potent com-
pound of the series was tested against VEGFR-2 inhib-
ition, and compounds 5c, 5e, and 5f have shown very
good activity. Compound 5f has shown ICsq value as low
as 0.10 + 0.02 uM which is the same to the standard
drug sorafenib. The docking study revealed that all the
compounds have the similar position and orientation
side as the binding site of VEGFR-2.

It was suggested that overexpression of hGST P1-1 by
human tumor cells is the main reason for the resistance
of the anticancer drug [54]. So few compounds of
benzoxazole-sulphamide (Fig. 30) were synthesized by

R=4-OMe,R-Me,3,4,5-OMe,3,4-OMe

3-Br,4-Cl,3-F-4-Cl, 3F-4-Br X=O,N
YN POVSW
™ V.
b AL

H
n=0,1 R,=4-Cl,2F,2Cl,2-Br,3-Br
4-CH,,4-OCH,

Fig. 28 Benzoxazole/benzimidazole VEGFR-2 inhibition compounds
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5c n=2, R=H, R,= cyclohexyl
5d n=2, R=H, R,= Phenyl
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6b n=2, R=H

6c n=2, R=CHj

Fig. 29 Benzoxazole-sulphamide hybrid compounds

Oksuzoglu and team [55] which showed hGST P1-1 en-
zyme inhibition. A few modifications to the structure
were also done to understand the effect of substitution
on the activity of the compounds. These compounds
were screened against HL-60 cancer cell lines. Com-
pounds 1b, 1c, and 1d were having better ICs, values
than standard drug etoposide. Topo II plays a very im-
portant role in the cancer chemotherapy treatment. So
all these compounds synthesized were checked if they
could inhibit Topo II. Hence, molecular docking was
done onto the active site of DNA Topo II enzyme (PDB:
3QX3) to understand the antitumor activity of these
compounds.

O,N
[:::l\o
1

O//

S<
N
H

Ly

la R=H X=0
1b R=F X=0
1c R=CH, X=0
1d R=Cl X=CH,

Fig. 30 Benzoxazole-sulphamide antitumor compounds
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Fig. 31 Benzoxazole triazole compounds

Benzoxazole-isoxazole-1,2,3-triazole derivative
1,2,3-Triazole [56, 57] and oxazole [57, 58] are previ-
ously reported to have shown cytotoxic activity. Dadmal
[59] and team have coupled this 1,2,3-triazole and oxa-
zole moiety with benzothiazole and benzoxazole moiety
(Fig. 31), and cytotoxic effect was evaluated against hu-
man cancer cell lines Hela (cervical) and A549 (lungs).
Compounds 13g, 13h, and 13j have shown very impres-
sive results against standard drugs TAK-165 and GW-
610. It was also understood that these compounds in-
duces apoptosis to cancer cell through caspase-
dependent apoptotic process.

Benzoxazole-tetrazole derivative

A new series of compound involving tetrazole coupled
with benzoxazole [60] (Fig. 32) was synthesized, and an-
ticancer activity was evaluated against MCF-7, Hop62,
and A549 cell lines. The activity of these synthesized
compounds was not that promising as compared to the
standard Adriamycin, but compounds 9b and 9g were
having the best anticancer activity in the lot.

Benzoxazole-pyrimidine derivative

Pyrimidine moiety has shown anticancer activity previously,
so new series of Benzoxazole azo-pyrimidine [61] and benz-
imidazole azo-pyrimidine were synthesized by using very
simple steps. Firstly, the 3-aminophenyl benzoxazole and
benzimidazole were synthesized, and then, they were made
into diazonium salt and coupled with diethyl malonate fur-
ther this intermediate was cyclised with urea to prepare
new variety of pyrimidine benzoxazole and benzimidazole
hybrids (Fig. 33). The cytotoxic activity was evaluated
against breast carcinoma (MCF-7), lung cancer (A549), hu-
man prostate cancer (PC-3), human pancreatic cancer
(PaCa2), and colorectal adenocarcinoma (HT-29) cell lines.
From the results, it was observed that benzoxazole com-
pound 7a showed lower activity than benzimidazole com-
pound 7b in all cell lines. Docking study was done with
COX-2 enzyme (PDB-1CX2) to explain the lower activity
of compound 7b as compared to compound 7a, and it was
curtained that compound-7a gets fitted well in the cavity
and has better interaction therefore forms 3 hydrogen
bonds whereas compound 7b forms 2 hydrogen bond.

9a-9j

9a, R=H

9b, R=3,4,5-trimethoxy
9c, R=4-methoxy

9d, R=4-chloro

9e, R=4-bromo

Fig. 32 Benzoxazole-tetrazole compounds
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Fig. 33 Benzoxazole/benimidazole pymiridine-based
hybrid compounds

Another series of pyrimidine-based compounds devel-
oped by Seenaiah and team [62] were hybrid compounds
by coupling pyrimidine with benzimidazole, benzothia-
zole and benzoxazole (Fig. 34). These were linked to the
pyrimidine moieties by thio, methylthio, and amine moi-
eties. These synthesized compounds were studied for
their antimicrobial activities and anticancer activity.
From the series of 27 synthesized compounds,
compound-22 was the most active compound, and
compound-24 was most active against A549 cell lines
with the IC5o value of 10.5 pM.

Benzoxazole-phthalimide derivative

Phthalimide core was coupled with benzoxazole/ben-
zothiazole (Fig. 35) to prepare a new set of com-
pounds. Though in previous occasion it was observed
that phthalimide core compounds have shown terato-
genic disorders, variation in the phthalimide structure
could eliminate the side-effects and show promising
anticancer activity [63]. These synthesized hybrid
compounds [64] were evaluated through ICs, values
against two human cancer cell lines HepG2 and
MCF7. To check its effect against healthy cells, these
compounds were screened against WI-38 cell lines. 5-
Fluorouracil and erlonitib were used as the standard
against HepG2 and MCF7 cell lines respectively. It

B s YA

B
H
N/)\S/\WN
N

Compound-22

B
N/)\S/\WS
N
Compound-24

Fig. 34 Pyrimidine-benzoxazole/benzothiazole/benzimidazole
compounds

R O
N Y
N N
L,
5a-I ©
5a X=0, R=CHg, Y=H
5b X=0, R=CN, Y=H
5c¢ X=0, R=Cl, Y=H
5d X=0, R=H, Y=COOH
5e X=0, R=CH; Y=COOH
5f X=0, R=CI, Y=COOH
5g X=S, R=CH; Y=H
5h X=S, R=CN, Y=H
5j X=S, R=Cl, Y=H
5k X=S, R=CH, Y=COOH
51 X=S, R=Cl, Y=COOH
Fig. 35 Benoxazole/benimidazole phthalimide-based compounds

was observed that none of the compounds have
shown cytotoxic activity against WI-38 cell lines and
have shown potent anticancer activity against HepG2
and MCF7 cell lines in nanomolar to micromolar
range. Both benzoxazole and benzothiazole derivatives
5a, 5b, and 5k exhibited 1.7 to 3 times more potent
anticancer activity against HepG2 cell line than 5-
fluorouracil, which is a very promising result. Com-
pounds 5c and 5g were the most potent derivatives
between the tested compounds. They showed ICsq
values 9 and 6 nM with 79 and 118 times more po-
tent anticancer activity than erlotinib against MCF7
cell line.

IIR
0] N 0
5. R=n-Bu, X=0
6, R=n-Bu,X=S
7, R=CH,CH,0OH, X=0
WSy 8, R=CH,CH,0H, X=S

9, R=CH,CH,N(CH,),, X=0
10, R=CH,CH,N(CH,),,5X=0

Compound-5-10

Fig. 36 C4 benzoxazole naphthalimide derivatives
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5e,4-N(CH;),C¢Hy 5k, 4-N(CH,),CeH,
5f, 4-NO,CgH, 51, 4-NO,CH,
Fig. 37 Benzoxazole/benzothiazole quinolone compounds

\

Benzoxazole-naphthalimide derivative

The flat structure of the naphthalimide has an advantage
of inserting into the DNA and thus compounds like
amonafide and mitonafide had shown previously very
promising results against various cancer cell lines. But
these active compounds could not move ahead because
of their toxicity [65], but it was reported that by modify-
ing the N,N-dimethyl chain of mitonafide, the toxicity
can be reduced [66]. Hence, some novel compounds
were synthesized by condensing benzoxazole at C4 pos-
ition of naphthalimide [67] (Fig. 36), and it was observed
that the cytotoxicity of these compounds largely depends
on the side chain. Compounds 9 and 10 were able to ex-
hibit better cytotoxic activity against B16F10 cells as
compound to compound 5-8, and the reason behind is
largely due to the side chain. Compounds 9 and 10 show
the same degree of cytotoxicity as that of amonafide.

(0]
o e
o—’ N H
>— :< — N
la R=CH,
1b R=NH,
1c R= NHCH;4
1d R= N(CH;),
Fig. 38 Benzoxazole as ACC1 inhibitor
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| R=2-pyridy
Il R=3-pyridy
Il R=4-pyridy

Fig. 39 Benzoxazole-pyridine moiety

Benzoxazole-quinolone derivative

Derivatives of quinolones [68] are confirmed to have an-
ticancer effect. So new series was developed by condens-
ing the quinolones with benzoxazole and benzothiazole
moiety [69] (Fig. 37); after that, these compounds were
screened for cytotoxicity activity against breast cancer
cell lines. Compounds with thiazole connected to quino-
lones have shown better results as compared to com-
pounds with benzoxazole associated with quinolones.
Compounds 5h and 51 were found to be showing the
best activity as compared to the other compounds in the
series. Hybrid compounds of benzoxazole with

O

O

o/\Nﬁ\O@

Fig. 40 Structure of ligand
J
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@OY\/R 4 R=CF3 M=Zn
N 5 R=CF2Cl M=Zn
N 6 R=CF2H M=Zn
/M\ 7 R=CF3 M=Cu
(0] N 8 R=CF3 M=Ni
RM—Q 9 R=CF3 M=Mg
O 10 R=CF3 M=Pd
4-10 11 R=CF3 M=Ag

Fig. 41 2-Trifluoroacetonyl-benzoxazole metal complexes

quinolones were observed to be better antioxidant as
compared to thiazole derivative.

Benzoxazole-pyridine derivative
Novel benzoxazole derivatives were prepared which were
having improved selectivity towards mouse ACCI1
against ACC2 [70]. ACC1 is overexpressed in human
cancer cells; a number of mammalian ACC inhibitor
were reported as dual ACC1l and ACC2 inhibitor or
sometimes only ACC2 inhibitor but rarely ACC1 inhibi-
tor. The current set of targets (Fig. 38) is reported to be
only ACC1 inhibitor. Slight modifications in the struc-
ture of the compound have reduced the side effect of
weight loss observed in compound la. Unsubstituted
ureido compound 1b has a better selectivity towards
mouse ACC1 as compared to compound 1c and 1d.
Three novel pyridine-benzoxazole [71] derivatives
(Fig. 39) were prepared, and anticancer activity was
evaluated against HepG2 cell line. The 2-methyl
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benzoxazole derivative was coupled with pyridine-2,3
and 4 aldehyde to get the 2-pyridiyl, 3-pyridiyl, and
4-pyridiyl benzoxazole derivative. The crystal structure
was studied, and antitumor activity was evaluated.
The ICs, values of these compounds were 87.7, 9.6,
and 33.5 umol/l respectively.

Benzoxazole-metal complexes
A new ligand 2-((2-((benzo[d]oxazol-2-yl)methoxy)phe-
noxy)methyl)benzoxazole [72] (L) (Fig. 40) and its four
transition metal complexes M(NO3)’L (M = Cu, Co, Ni,
Zn) were synthesized, and their characters were investi-
gated. The single crystal structures of these complexes
show that all of them have similar molecular structure,
and the ligand exhibits good coplanarity after coordin-
ation with the metal ions. Further investigation of DNA
binding indicates that both the ligand L and the com-
plexes can bond to DNA by intercalation mode, and the
latter possesses much stronger binding affinity. The
cytotoxicity assays of all the compounds against four dif-
ferent tumor cell lines (A549, HepG2, K562, K562/
ADM) were evaluated by MTT assay. It was notable that
the ligand was almost inactive against all the cell lines.
However, all of the complexes exhibited considerable an-
titumor activity and cytotoxic specificity toward the
tested cancer cell lines. Cu-L showed much higher anti-
tumor activity than other complexes did on all the cell
lines.

Novel metal [Zn(II), Cu(II), Mg(II), Ni(II), Pd(II), and
Ag(l)] complexes of 2-trifluoroacetonyl-benzoxazole
[73] (Fig. 41) were synthesized, and multidrug reversing
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Fig. 42 Ru(ll)-arene-2-pyridinylbenzoxazole complexes
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Fig. 43 Ru(ll)-arene-BTZ, BOZ, BIZ complexes

activity was tested. Multidrug resistance [74, 75] of can-
cer means the cancer cells become resistant to the vari-
ous cytotoxic drugs. The cytotoxic activity of these
ligands and complexes were measured through MTT
assay, and it was observed that as compared to the free
ligand the Cu(II) and Zn(II) complexes were more po-
tent, and there was 29- and 5-fold increase in activity of
Cu(II) and Zn(II) complexes as compared to free ligands.
Verapamil was used as a positive control in this case.

The DNA has several binding site on which the small
molecules are bonded through covalent and non-
covalent bonds. The binding of Ru(Il) complexes to
DNA was reported to be the main factor in the antican-
cer effects of these complexes. Two Ru(Il) complexes,
NAMI-A and KP1019, are under advanced clinical
evaluation as anticancer drugs [76]. A number of Ru(II)
complexes bearing m-bonded arene ligands exhibit
promising anticancer activities [77]. De and team [78]
have prepared 4 Ru(Il)—arene-2-pyridinylbenzoxazole
complexes (Fig. 42) and characterized. MTT assay re-
sults indicate that all complexes exhibit highly selective
cytotoxicity for two cancer cell lines (Caco-2 and HelLa)
with respect to normal HEK-293 cells. Among the com-
plexes, 4" and 5 show the highest cytoselectivities for the
Caco-2 and HeLa cell lines, respectively.

Bioactive compounds are observed to exhibit improved
biological activity upon coordination with transitional
metal ions [79, 80]. Paira and team [81] have synthesized
few Ru(ll)-arene complexes of benzimidazole,
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benzoxazole, and benzothiazole (Fig. 43) using Amberlite
IR-120(H) as the catalyst. This method is environment
friendly and gives a scope to prepare a series of ruthe-
nium compounds for anticancer screening. All the com-
pounds synthesized have shown great cytotoxicity
activity against HeLa, MCF-7, and A2780 cell lines as
compared to cisplatin standard drug. Compound 4g was
found to possess the most potent cytotoxic activity and
selectivity in the cancer cell lines.

Two new mononuclear mixed ligand copper (II) com-
plexes [82] (Fig. 44) were prepared, and their interaction
with the DNA was investigated. Previously, copper(II)
complexes are reported to show a variety of biochemical
activity in different areas like anticancer [83]. The dipep-
tides utilized in these compounds are (Gly-gly and Gly-
L-leu) glycylglycine anion and glycyl-L-leucine anion re-
spectively for compounds 1 and 2. Both these com-
pounds were found to bind to calf thymus DNA through
an intercalative mode. The anticancer activity of these
two compounds were investigated against three cell lines
HeLa (cervical), PC-3 (prostatic), and A549 (pulmonary).
Cisplatin was used as a positive control. It was observed
that compound 2 has more cytotoxic effect as compared
to compound-1. These could be due to longer hydrocar-
bon chain associated with compound-2 and making it
more permeable in the cell membrane.

Similarly, 3 more Cu(II) dipeptide complexes (Fig. 45)
[Cu(Gly-L-Val)(HPMB)H,0].CIO.H,0 (1), [Cu(Gly-L-
Val)(TBZ)H,0].ClIO, (2), and [Cu(Gly-L-Val)(PBO)-
H,0].ClIO;, (3) (Gly-L-Val = glycyl-L-valine anion,
HPBM = 5-methyl-2-(2’-pyridyl)benzimidazole, TBZ =
2-(4’-thiazolyl) benzimidazole, PBO = 2-(2’-pyridyl) ben-
zoxazole) were prepared [84], and their interaction with
the DNA was studied using UV-visible, fluorescence, vis-
cosity, thermal denaturation and docking study (PDB ID:
454D). The results showed that all these three com-
pounds bind to DNA through an intercalative mode as
like the previous compounds. The anticancer activity of
these complexes were also studied against A549, PC-3,
HeLa, and 3T3 cell lines with cisplatin as a standard,
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Fig. 44 Cu(l)-Dipeptide-benzoxazole complexes
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and the results suggested that compound 1 is more po-
tent than compound-2 which was more potent than
compound-3.

5-Hydroxybenzoxazole derivative
Thymogquinone is a natural product which is reported to
exhibit antitumor activity [85]. Amination at C3 of thy-
moquinone also improved the antitumor activity of
ATQ (Fig. 46) A series of benzoxazole compounds were
synthesized by using thymoquinone [86] (TQ/ARQ) as
the starting material. These compounds were observed
to have better cytotoxicity values as compared to TQ
and ATQ when they were evaluated against 4 cancer cell
lines (SW620, CFPAC-1, HepG2, and HeLa). Human
lung fibroblast (WI38) was used as healthy control cell
lines which help in finding the effect of these chemicals
over healthy and normal cells. Compound 1f was ob-
served to have potent activity against cancer cell lines
while compound le was less toxic against the WI38 cell
lines.

2-Aryl 5-hydroxy benzo[d]oxazoles [87] (Fig. 47) were
synthesized in a one pot starting from ortho-
disubstituted precursor and amino phenols with toluene
as a solvent and manganese dioxide as the oxidant. The
series of these compounds were evaluated against 5

-

HO

N
\>—Ar
0]

1f= 4-F-Phenyl
1g=4-Nitro-Phenyl
1c=4-Methoxy Phenyl
1d=4-OH-3-OMe Phenyl
le=2-Thiophene

Ar= 1a= Phenyl
1b=2-Hydroxy-Phenyl
1c=2-Naphthol
1d=4-Br-Phenyl
le=4-Ch-Phenyl

Fig. 46 Thymogquinone derivatives

cancer cell lines as well as noncancerous cells and most
of them showed good anticancer activity.

It was observed that the chlorine on the aryl at meta
position (TDNSS-10) showed the best activity against
the halogen substitution at the ortho-position of the aryl

group.

5-Aminobenzoxazole derivative

AZD6244 (selumetinib) was discovered by Array Bio-
Pharma, and it is a highly selective MEK1 inhibitor [88],
but it was having some limitations, so novel benzoxazole
compound (KZ-001, Fig. 48) was developed which was
prepared to overcome the limitations of AZD6244. KZ-
001 [89] was highly potent and was selective against se-
lective MEK1 and 2 inhibitors. KZ-001 was observed to
have 30 times greater inhibition BRAF and KRAS mu-
tant tumor cells as compared to AZD6244. To deter-
mine its potential clinical application, the synergistic
effect of KZ-001 with other agents was investigated both
in vitro and in vivo (xenograft models). KZ-001 exhib-
ited synergistic anticancer effect in combination with
BRAF inhibitor vemurafenib and a microtubule-
stabilizing chemotherapeutic agent docetaxel.

O
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0
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Fig. 47 2-Aryl 5-hydroxy benzo[d]oxazoles as anticancer
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2-Aminobenzoxazole derivative

An and team [90] have developed a novel series of ben-
zoxazole compounds (Fig. 49) which inhibit the Aurora
kinase [91]. Aurora kinases are of 3 types A, B, and C,
and all these kinases are associated with human cancer
[92]. It was understood that regiochemistry, linker
length, and halogen substitution plays an important role
in the activity of these compounds. All the compounds
were more effective in inhibiting the Aurora-B kinase,
and molecular docking was done of these compounds to
understand the selectivity of Autrora-A and B kinase.
Further, compound 13l and 13q have shown very good
cytotoxicity activity. Compound 13q has shown very
good activity against prostate cancer PC-3 tumor xeno-
graft model.

Benzoxazole-steroid derivative

Abiraterone and galeterone are commonly used drugs for
prostate cancer [93, 94]. So eight noble oxazoline, benzox-
azole, and benzimidazole compounds [95] (Fig. 50) were
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prepared from 3f-acetoxyandrosta-5,16-dien-17-carbox-
ylic, 3p-acetoxyandrost-5-en-17f3-carboxylic, and 3f-
acetoxypregn-5-en-21-oic acids. The molecular docking of
these compounds (PDB code 3RUK) suggests that they
form stable complexes with the enzyme. The new com-
pounds (steroid moiety) are positioned in the similar fash-
ion as that of abiraterone and galeterone. These
compounds were able to inhibit growth of prostate carcin-
oma LNCaP and PC-3 cells in 96 h incubation, but com-
pounds 4 and 6 were more potent than abiraterone and
galeterone in LNCaP cell lines.

Pyrrolobenzodiazepine-benzoxazole derivative

The benzoxazole, benzimidazole, and benzothiazole
backbone which is very common for anticancer com-
pounds [96] was reported to prepare through ligand-free
cobalt nanoparticles. These nanoparticles of cobalt oxide
promoted cyclization cross-coupling reaction without
the use of ligands or additives. These compounds syn-
thesized were further docked (PDB ID: 1NFK) with es-
trogen receptors to investigate their antibreast cancer
activity.

Pyrrolobenzodiazepine moieties were previously
evaluated for anticancer activities [97]. So new hybrid
compounds were synthesized by attaching benzothia-
zole and benzoxazole with pyrrolobenzodiazepine
moiety 94 (Fig. 51) which was further attached
through different alkane or alkylamide spacers. Anti-
cancer activity of these compounds was evaluated
against A375 cell lines. One of the compounds of the
series compound-17d showed potent anticancer activ-
ity with significant DNA-binding ability, and apoptosis
caused GO/G1 phase arrest at sub-micromolar con-
centrations. To confirm the DNA-binding capacity of
these series of compounds, molecular docking of
these compounds was done, and compound 17d was
checked for in vivo activity in human colon cancer
HT29 xenograft mice.
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13g: 6,meta, X=4-Cl
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Fig. 49 Benzoxazole compounds as Aurora-B kinase inhibitor
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Conclusion

Cancer possesses a continuous and series threat to
the health of every individual in this world. Many re-
searchers across the world are working on this direc-
tion to find a better treatment to this problem.
Benzoxazole has been a very important moiety in
drug discovery due to its diverse pharmacological ac-
tivity. Present review explores the effect of various
functionalization and substitution on benzoxazole and
their effect on the anticancer activity. Various target
areas like VEGF, VEGFR2, Topo-II, and MEK1 are
discussed in the review as well. Further investigation
in this direction may lead to development of new de-
rivatives of benzoxazole with better activity, selectiv-
ity, and less toxic effect. These compiled data in the
article will surely update the scientific community
with the recent development in this area and will
provide direction for further research in this area.

D Q0T O

Fig. 51 Pyrrolobenzodiazepine-benzoxazole/benzothiazole
compounds
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