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Abstract Over the last seven years, there has been a continuous interest towards structural modification of isoxazole
heterocycle in order to develop anticancer agents. This quest culminated in the syntheses of a large number of
compounds and their evaluation against several cancer cell lines. In this paper, emphasis is made on reporting the
synthesis and anticancer studies of selected compounds that exhibited a spectacular activity against the different
cancer cell lines.

Keywords Isoxazoles, hybrid molecules, synthesis, anticancer activity

Introduction

Cancer represents the second leading cause of death after cardiovascular diseases worldwide [1, 2]. Regrettably
however, the search for novel structures that can act as a more potent, selective, and reliable anticancer agents
continued to pose a major challenge to medicinal chemists [3]. This is because of the major limitations, such as lack
of selectivity of the existing drugs for cancer cells, which bring about unwanted side effects, and acquisition of
multiple-drug resistance by the cancer cells [4]. Consequently, the need to discover and develop new lead
compounds to combat this menace is of paramount importance. Isoxazole moiety is a promising heterocycle that
feature in various synthetic compounds which demonstrate a number of biological activities. Several works revealed
that isoxazole containing compounds exhibits antioxidant, antibacterial [5], anti-ageing [6], antiviral [7], analgesic,
anti-inflammatory [8], anti-fungicidal [9] and anti-tubercular activities [10]. In this mini-review, an attempt is also
made to showcase some representative isoxazole compounds with potential anticancer activity reported within the
years 2010-2017.

Synthesis

Inspired by the structure of Gefitinib (Figure 1) which is a clinical drug for the treatment of cancer, Yong et al., [11]
synthesised fourteen novel isoxazole-moiety-containing quinazoline derivatives with the potential of having a better
activity and selectivity towards the cancer cells.

Figure 1: Gefitinib
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The starting quinazoline compounds la-n were commercially obtained and thus directly reacted with the
corresponding isoxazoles 2a-n which were prepared according to the reported procedure [12]. The coupling of the
isoxazoles 2a-n was achieved in the presence of triethylamine at a cold to room temperature for 8 hours to yield the
hybrid products 3a-n in excellent to good yields (Scheme 1).
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a:R'=R?=H,R®*=Ph,R*=H h: R'=R?=0OCH3, R®=CI,R*=H
b: R!= R2=H, R® = Ph, R* = 4-CH, i: R'= R2=0CHs, R® = Cl, R* = 4-CH,
c: R'=R?=H, R%=Ph, R* = 4-OCH, j: Rt =R?=0CHj3, R® = CI, R* = 4-OCHj
d: R'=R?=H, R®=Ph, R* = 2-CI k: R'=R?=0CH,, R®=CI,R*=2-Cl
e:R'=R?=H,R®=Ph,R* = 4-CI l: Rt = R2 = OCHj, R® = CI, R* = 4-Cl
f: R'= R? = H, R® = Ph, R* = 2,4-diCl m: R! = R? = OCHj, R® = CI, R* = 2,4-diCl
g:R'=R?=H, R®=Ph, R*=4-Br n: R'=R?=0CHs, R®=CI, R* = 4-Br

Scheme 1.
The aromaticity, chemical stability, and low toxicity of ferrocene attracted the attention of Yong et al., [13] to utilize
this pharmacopore in the synthesis of seven new isoxazole moiety containing ferrocene derivatives. Ferrocene
carboxylic acid 4 in the presence of Dicyclohexylcarbodiimide (DCC) and Dimethylaminopyridine (DMAP) was
reacted with various isoxazole intermediates 5a-g which were obtained using a reported procedure [12] to furnish
the desired hybrid molecules 6a-g at a mild temperature within 40 min (Scheme 2).
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Scheme 2.

In an effort to synthesise a series of novel isoxazole functionalized 2H-Chromene, Reddy et al., [14] reacted
salicyldehyde 7 with ethyl-4,4 4-trifluoroacetoacetate 8 using piperidine as a base and obtained 2-hydroxy-2-
trifluoromethyl chromene-3-carboxylate ethyl ester 9. Compound 9 was then reacted with propagyl bromide in
acetone using K,COs as a base and obtained O-propargylated chromene derivative 10 which was further reacted
with various aryl aldoximes to furnish isoxazole functionalized 2H-Chromene intermediates 11a-g. Acid hydrolysis
of 11a-g yielded the final products 12a-g (Scheme 3).
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Scheme 3.
A new series of diverse isoxazoles linked 6-hydroxycoumarin were reported by Rehman et al., [15]. The starting 6-
hydroxycoumarin 13 was isolated from the root parts of Prangos pabularia which was purified by repeated column
chromatography to achieve 98% purity. Compound 13 was subjected to alkylation at the hydroxyl position using
propargyl bromide in the presence of a base (K,COj) to yield 6-(prop-2-ynyloxy)-2H-chromen-2-one 14. The
desired isoxazoles were obtained by reacting 14 with various aryl aldoximes to obtain 15a-1 (Scheme 4).
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Scheme 4.

Modified benzothiazole nucleus such as PMX 610 (Figure 2) was reported to exhibit potent and selective in vitro
antitumor properties [16]. This prompted Kumbhare et al., [17] to synthesise a number of isoxazoles linked 2-phenyl
benzothiazole. Thus thiophenol 16 and 2-hydroxybenzaldehyde 17 prepared by the literature method [18] were
reacted to furnish the 2-(2"-hydroxyphenyl) benzothiazole 18. Alkylation of 18 with propagyl bromide 19 yielded
compound 20 which was further reacted with the various oximes to obtain the final compounds 21a-g (Scheme 5).
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Figure 2.
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Scheme 5.
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Scheme 6.

Rajanarendar et al., [19] conceived the idea of introducing two isoxazoleazepine moieties in a single molecular
skeleton in order to develop compounds with better pharmacological potential. The synthesis was accomplished as
shown in Scheme 6. It started with the Michael addition of 3,5-dimethyl-4-nitroisoxazole 22 with the various
methylene bis-chalcones 23a-i in the presence of piperidine to furnish the corresponding methylene bis-[3-methyl-4-
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nitro-5-(1-phenyl-3-(2-hydroxyphenyl)-1-keto-4-n-butyl)isoxazoles 24a-i. Reductive cyclisation of the Michael
adducts on treatment with SnCl,-MeOH yielded compounds 25a-i.

Owing to the potential of isoxazole-N-oxides as anticancer agents [20], Rajanarendar et al., [21] undertook a
multicomponent synthesis of novel arylmethylene bis-isoxazolo[4,5-b] pyridine-N-oxides with the hope of
developing molecules which will offer a better anticancer activity. Thus 3,5-dimethyl-4-nitroisoxazole 26, aromatic

aldehydes 27, and aromatic ketones 28 were reacted in the presence of piperidine to afford the respective
compounds 29a-j (Scheme 7).

HsC NO, o o
+ —
@CH: Ar)J\ H Ar )J\CH3
26 27 28
Ar Ar
a CeHs CeHs
b  2-CH;CgH, CgHs
¢ 2-CH3z0CgH; CgHsg
d 2-CICgH, CgHs
e 4-CICgH, CeHs
f CgHs 4-CH3CgH,
g CgHs 4-CH3;0CgH,
h CeH5 2-HOCgH,
i CgHs 4-CICgH,
j CeHs 4-NO,CgH,4
Scheme 7.

A new class of isoxazole derivatives containing 1,2,3-triazole moiety were reported by Khanage et al., [22] as
described in Scheme 8. Reacting the appropriate 1,2,3-triazoles 30a-g with acetic anhydride and conc. H,SO,4
furnished the acetylated compounds 31a-g. These were easily converted to the corresponding chalcones 32a-g by
reacting them with the substituted aryl adehydes. Cyclisation of the chalcones with hydroxylamine hydrochloride in
basic medium afforded the required isoxazole derivatives 33a-g.
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Kamal et al., [23] adopted a convergent synthesis approach to obtain a series of new 3,5-diaryl isoxazoline/isoxazole
linked 2,3-dihydro quinazolinone hybrids that could offer a synergistic anticancer activity. The first segment of the
synthesis (Scheme 9a) began with the preparation of oximes 35a,b and 40.Thus aldehydes 34a,b and 39a,b were
reacted with hydroxylamine hydrochloride to afford the corresponding oximes 35a,b and 40 in high yield. Reaction
of aldehydes 39 and 34b respectively with methyltriphenyl phosphonium bromide, in the presence of sodium
hydride furnished the respective olefins 36a and 41a. These olefins were then coupled respectively with 35a and 40
to afford compounds 37a and 42a. Equally, isoxazoles 37b and 42b were prepared by employing alkynes 36b and
41b and oximes (35b and 40). Deprotection of these compounds (37a,b and 42a,b) with tetrabutylammonium
bromide yielded the desired precursors 38a,b and 43a,b.

HsCO =z
H,CO
CHO _NOH OCHs
36a,b HsCO ?"}‘ Rl
) \ a: Z: CH2 Hsco/QAZ)\QRZ
R R RY R3 b: Z= CH H.CO R3
R? i 3 37a,b
34a,b 35a,b a: Z = CH,; R'= OCHjg; R?>= OTBDMS; R3= OCHj,4
L ) 3 b: Z = CH; R'= OTBDMS; R?= OCHj; R%= H
a: R'= OCHj; R?= OTBDMS; R®= OCH,4
b: R'= OTBDMS; R?>= OCHg; R®= H J
38a,b

a: Z = CHy; R'= OCH,; R?= OH; R3= OCH,
b: Z = CH,; R'= OCHj; R?= OCHg; R®= H

CHO Z R3
41a,b HsCO " R!
» > Z’x
H,CO OCH, HLCO OCH, a:Z= CH2 H3CO/©7/< )\QRZ
OCH, OCHs b:Z=CH H3CO 42a,b R?
39a,b 40 a: Z = CH,; R'= OTBDMS; R?= OCHg; R3= H
. ) 3 b: Z = CH; R'= OCHj; R?= OTBDMS; R3= OCHj
a: R'= OCH,; R?= OTBDMS; R3= OCHj
b: R'= OTBDMS; R?>= OCHg; R®= H j
43a,b
a: Z = CHy; R'= OH; R?= OCHg; R®= H
Scheme 9a. b: Z = CH,; R'= OCHj3; R?= OH; R®= OCH;

The second segment of the synthesis (Scheme 9b) dealt with the preparation of the 2,3-dihydroquinazolinone.
Treatment of compounds 44a,b with benzamide in the presence of N,N-dimethylacetamide (DMAC) gave
compounds 45a,b respectively. Subsequent etherification of these compounds with dibromoalkanes using K,CO; in
DMF furnished the 2,3-dihydroquinazolinone precursors 46a-d.
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44a: Rl: OCH3 R2: OH 46a:R1: OCH3, R2: -O-(CH2)3BI’
44b: R'= OH; R%= OCH, b:R'= OCHg; R*= -0-(CHy),Br
¢:R'= OCHj; R?= -O-(CH,)sBr
d:R= -0-(CH,),Br; R?>= OCH;
Scheme 9b.
Finally the synthesis of the hybrid molecules was achieved from the compounds 46a-d and 3,5-
diarylisoxazoline/isoxazole precursors 38a,b and 43a,b using K,CO5 in DMF (Scheme 9c)
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Scheme 9c.

In continuation of their effort to develop new bis-indolyl-5-membered heterocycles with potential anticancer
activity, Diana et al., [24] synthesised a series of 3,5-bis(3-indolyl)-isoxazoles as shown in Scheme 10. It started
with the methylation of indole derivatives 49a-e using potassium t-butoxide, tris[2-(2-methoxyethoxy)ethyllamine
as catalyst, and methyl iodide to obtain the N-methyl derivatives 50a-e. Addition of malonyl-dichloride in a Friedel-
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Crafts fashion yielded the symmetrical 1,3-diketones 51a-e. These were reacted with hydroxylamine hydrochloride
in refluxing TEA/THF to furnish the corresponding 3,5-bis(3-indolyl)-isoxazoles 52a-e.

R R O O
CI)J\/U\CI R R
Iy — )y ——— ata®
w N
H (I:H3 CH3 CH3
49 50a-e 5la-e
R
a=H; b=CHg;c=0CH;;d=Cl;e=Br
Y
N—O
R / R
Y
{ T
N \
CH;, CHs
52a-e
Scheme 10.
Anticancer Activity

Compounds 3a-n were screened in vitro against lung cancer A549, colorectal cancer HCT116 and breast cancer
MCF-7 cell lines using gefitinib as reference drug by MTT method [25]. Comparison of the ICs, values of the
compounds revealed that 3d, 3i, 3k, and 3m have the most potent and wide spectrum activity against the three
cancer cell lines. The 1Cs, values ranges from 0.11 — 77.05uM suggesting that any of these can be regarded as a
potential candidate for the development of anticancer drugs. Preliminary anticancer evaluation of compounds 6a-g
was also performed using the MTT assay [25] against the aforementioned cancer lines using gefitinib as the
reference drug. The result strikingly shows that 6d (ICs; = 7.47x10™) is 23 962-fold more active than gefitinib
against the A549 cell line, and 5 904-fold (ICs, = 3.65x10%) more active than gefitinib against the HCT116 cell line.
This encouraged the workers to continue with further study of the anticancer efficacy of this promising compound.
Using the MTT method [25], compounds 11a-i and 12a-g were screened in vitro against four human cell lines, viz.
Ab49-Lung cancer (CCL-185), MCF7-Breast cancer (HTB-22), DU145-Prostate cancer (HTB-81), HeLa-Cervical
cancer (CCL-2). Comparison of the ICx, values of the compounds with the positive control (5-Fluorouracil) revealed
that 11a, 11b, 11i, 12a and 12f showed activity at <50uM against all the cell lines. Cytotoxicity screening of 6-
Hydroxycoumarin 13, its propargylated product 14 and the isoxazole derivatives 15a-1 was carried out using MTT
method [25] against a panel of five different human cancer cell lines, namely prostate (PC-3), colon (HCT-116,
Colo-205), leukemia (HL-60) and lung (A-549). BEZ-235 was used as positive control. Among the compounds, 15h
and 15k showed the best activity with the ICs, of 8.2 and 13.6uM against prostate (PC-3) cancer cell line
respectivley. Evaluation of cytotoxic activity of compounds 21a-g against human adenocarcinoma (A549), colon
(Colo-205), and breast carcinoma (MCF-7) cell lines was carried out using MTT assay [25]. Interestingly all these
compounds showed a potent broad spectrum activity against all the three cancer cell lines. Particularly compound
21a which shows almost similar activity (ICsy = 14.16uM) as the positive control, PMX 610 (13.94uM) against
Colo-205 cancer cell line. Compounds 25a-i were evaluated for their in vitro anticancer activity against two breast
cancer cell lines, MCF-7 (ER-positive), MDA-MBA-231 (ER-positive), and human kidney cancer epithelial cell line
HEK-293 according to MTT assay using Cisplatin (DPP) as reference drug [25]. In comparison to the reference
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drug, compounds 25h and 25i showed a better activity towards all the three cancer cell lines. The rest of the
compounds also exhibited some moderate anticancer activity against the three cell lines. Following the MTT assay
[25], compounds 29a-j were screened in vitro for anticancer activity against human cell cultures Hela (cervical),
Ehrlich Ascites Carcinoma (EAC), and MCF-7 (breast). Cispalatin (DPP) was used as the reference drug. Among all
the compounds tested, 29a and 29h appeared to be the most cytotoxic in all the three cell lines. This led to further
studies on their in vivo antitumor properties in EAC-bearing mice using liquid tumor model [21]. The result also
suggests that 29a is more active in in vivo cytotoxic studies and hence calls for simple modification of the structure
to develop a potent anticancer drug. Preliminary anticancer screening of compound 33a, 33c, 33d, 33e and 33f was
performed according to the US NCI protocol. The assay was carried out at a single concentration of 10°M towards
the panel of approximately sixty cancer cell lines derived from nine different cancer types: leukemia, lung, colon,
CNS, melanoma, ovarian, renal, prostate, and breast cancers. Among the compounds tested, 33d and 33e appeared
to have the most prominent effect and significant anticancer activity. Using the same US NCI protocol, 47¢ was
evaluated for a pre-test against a panel of the aforementioned sixty cancer cell lines derived from nine different
cancer types. The astonishing activity of 47c led to its selection for further assay over a 5-log dose range (10 -
10®M). Interestingly, compound 47c demonstrated significant activity against RPMI-8226 (leukemia) and SK-MEL-
5 (melanoma) cell lines. This encouraged the evaluation of 47c along with 47a, 47b, 47d and 48a-d using the
Sulforhodamine B (SRB) method against selected human cancer cell lines. The positive control, Adriamycin [23]
exhibited activity in the range 0.13 — 0.19uM while 48a-d showed promising anticancer activity against A549 cell
line with the Gls, values in the range 0.15 — 0.18uM. The most potent 47¢ was again subjected to the MTT assay
[25] along with its left side conjugate partner 38a as well as the right side conjugate partner 46¢c. Apparently, 47¢
showed enhanced cytotoxicity at 5SuM against MCF-7 cell lines in comparison to the conjugate partners. In order to
understand the mechanism of action of 47c, biological assays relating to the cell cycle aspects and tubulin
depolymerisation activity were examined. The data suggest that 47c has the ability to cause G2/M cell cycle arrest.
Also 47c showed the disruption of microtubules as well as fragmentation of nuclei. Moreover, compound 47c was
identified as an effective cyclin B1 and CDK153 inhibitor. Using a monolayer cell survival and proliferation assay
[26] compounds 52a-e were screened for in vitro antitumor activity in a panel of 10 humor cell lines. Adriamycin
was used as the positive control. The most active compound 52a was further evaluated in a panel of 29 cell lines,
exhibiting mean 1Cg, value of 53.2uM. In particular, compound 52a showed a high level of selectivity toward A549
and LXFA 629L (lung), as well as UXF 1138L (uterus body).

Conclusion

The isoxazole derivatives captured in this mini-review are carefully selected to reflect those compounds reported
within the last seven years which demonstrated a promising activity against various cancer cell lines. Mostly the
compounds were constructed as hybrid molecules in order to confer a synergistic effect on the tested cancer cell
lines. Generally, the in vitro activity of these compounds is so brilliant that further structural modification could lead
to the discovery of anticancer agents.
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