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The synthesis of new indole-oxadiazole coupled 
isoxazole hybrids (6a–o) synthesized by the 
Cu(I)-catalyzed reaction of in situ generated 

nitrile oxides with 3-(3,5-dichloro-4-methoxyphenyl)-5-(1-
(prop-2-yn-1-yl)-1H-indol-3-yl)-1,2,4-oxadiazole in good yields 
have been reported here. The chemical structures of all newly 
synthesized hybrids were confirmed by 1H-NMR, 13C-NMR, and 
Mass spectra. All synthesized compounds were screened for 
their in vitro cytotoxicity against two breast cancer cell lines 
MCF-7 and MDA-MB-231 respectively. All the derivatives were 
more active against MCF7 than MDA-MB-231 cancer cells and 
few compounds showed better activity than the standard 
erlotinib. The ability of more potent compounds to inhibit EGFR tyrosine kinase, one of the key enzymes involved in breast carcinomas was 
evaluated by in vitro enzymatic assay and it was found that the compound (6g) and (6m) had more inhibitory activity IC50 values 0.311±0.05 
and 0.203±0.03 µM than erlotinib (IC50=0.421±0.03 µM).  
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INTRODUCTION 
   According to the GLOBOCAN 2020 estimates, cancer is the 

second largest cause of death around the world.1 Breast cancer in 
women accounted for 11.7% of the 19.3 million new cases of 
cancer in 2020, according to the latest estimates of the global 
cancer burden.2 Epidermal growth factor receptor (EGFR) and 
herceptin are both members of the same family. It is known that 
EGFR helps cells move and invade other cells. So, these 
receptors are shown to be important anticancer targets not only 
in non-small cell lung carcinomas but also in breast cancer. Both 
inherited and sporadic breast cancers have been found to have 
mutations in the EGFR gene.3 Now, EGFR-targeted medicine is 
being looked at as a possible way to inhibit breast cancer cells 
proliferation.4 A lot of drugs that target tyrosine kinase are being 
looked at to see if they can be used as EGFR inhibitors.5,6  

In recent years, it has been interesting for medicinal chemists 
to use parts of biologically active molecules to make new 

molecules with a bigger range of biological effects. The 
advantage of using these small molecules, which are called 
"privileged scaffolds," is that their interactions with biological 
systems have been thoroughly studied. This means that 
predictions can be made about how well these subunits will 
interact with receptors that have not yet been studied.7 On the 
other hand, the indole skeleton is one of the most ideal structures 
because it has strong antitumor activity and is often found in both 
active ingredients and natural products.8–11 Li et al. found that 
Compound I (Figure 1) had strong anticancer activity against a 
panel of cancer cell lines. Tests of Compound I mechanism 
showed that its growth-inhibiting effects are caused by its ability 
to stop EGFR activity, as shown by the Western blot.12 
Compound II blocked the action of EGFR (T790M), EGFR 
(L858R), and c-MET with IC50 values of 0.094, 0.099, and 0.595 
µM. Compound III (Figure 1) was able to inhibit EGFR (IC50 = 
2.80 µM) and PDGFR (IC50 = 6.16 µM).13 Song et al. have found 
that a number of indole derivatives can inhibit EGFR/VEGFR.14 

In addition, other heterocycles such as isoxazole derivatives 
were said to be powerful anticancer EGFR-TKIs. For example, 
the isoxazole derivative IV (Figure 1) was very good at inhibiting 
cancer cells proliferation,15 and the isoxazole derivatives V were 
good at inhibiting cancer cells expressing EGFR-TK (Figure 1).16 
In the same way, 1,2,4-oxadiazole is the only oxadiazole that can 
be found in natural products. For example, Carbone M. et al. 
recovered two alkaloids called Phidianidine A and Phidianidine 
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B (VI) from the sea slug Opisthobranch Phidiana militaris.17 
These alkaloids had strong cytotoxic activity in vitro against both 
cancerous and healthy mammalian cells.18,19 Later, a big change 
happened when 3,5-diaryl substituted 1,2,4-oxadiazole 
derivatives were found to cause apoptosis.20 Since then, many 
anticancer drugs based on 1,2,4-oxadiazole have been made.21–23   
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Figure 1. Planned approach of indole-1,2,4-oxadiazole-isoxazole 
hybrids. 

 
In recent medicinal chemistry, a pharmacophore hybridization 

approach has been found to be one of the most successful ways 
to develop new bioactive compounds. When two different 
bioactive chemicals with similar pharmacophoric functions or 
different ways of working are put together, the results are often 
better.24–26 Based on how well indole, 1,2,4-oxadiazole, and 
isoxazole-based compounds inhibit proliferation of cancer cells, 
we used a pharmacophore hybridization method to combine 
indole, 1,2,4-oxadiazole, and isoxazole pharmacophores as single 
indole-1,2,4-oxadiazole-isoxazole hybrids. The core structure 
and SAR studies of indole-1,2,4-oxadiazole-isoxazole hybrids 
with their in vitro anticancer and EGFR activity, might lead to 
the creation of new anticancer molecules. 

RESULTS AND DISCUSSION 
Chemistry  

The overall synthetic technique used to produce 3-(3,5-
dichloro-4-methoxyphenyl)-5-(1-((3-(aryl)isoxazol-5-
yl)methyl)-1H-indol-3-yl)-1,2,4-oxadiazole (6a-6o) is divided 
into two phases (Scheme 1 and 2). In the first step, 3,5-dichloro-
4-methoxybenzonitrile (1) was treated with NH2OH.HCl through 
Et3N in dry DCM for 8 hours at room temperature to yield in situ 
3,5-dichloro-N'-hydroxy-4-methoxybenzimidamide, which was 
then treated with 1H-indole-3-carboxylic acid (2) using 
vilsmeier's reagent at the same reaction temperature for an 

additional 7 hours to yield the desired 3-(3,5-dichloro-4-
methoxyphenyl)-5-(1H-indol-3-yl)-1,2,4-oxadiazole (3).27 
Compound (3) was treated for 6 hours with propargyl bromide in 
DMF using K2CO3 to yield intermediate 3-(3,5-dichloro-4-
methoxyphenyl)-5-(1-(prop-2-yn-1-yl)-1H-indol-3-yl)-1,2,4-
oxadiazole (4) (Scheme 1).28   

 
CN

ClCl
O

i

ClCl
O

N NH2HO

+
N
H

COOH

1
2

ii

HN
N

NO Cl

Cl

O

3

HN
N

NO Cl

Cl

O

3

N
N

NO Cl

Cl

O

4

iii

Scheme 1. Reagents and conditions: (i) NH2OH.HCl, TEA, DCM, 
RT, 8h; (ii) Vilsmeir reagents, RT, 7h. (iii) Propargyl bromide, 
K2CO3, DMF, 80 oC, 6h. 

 
Further, other aldehydes 5 were converted to the 

corresponding aldoximes using hydroxylammonium chloride and 
1M NaOH in t-BuOH:H2O at room temperature. These 
aldoximes were converted to the corresponding nitrile oxide 
using chloramine-T trihydrate. The 1,3-dipolar cycloaddition of 
in situ generated nitrile oxide and 3-(3,5-dichloro-4-
methoxyphenyl)-5-(1-(prop-2-yn-1-yl)-1H-indol-3-yl)-1,2,4-
oxadiazole (4) in the presence of copper(I) catalyst at room 
temperature yielded 3,5-disubstitued isoxazoles (6a-6o) in good 
yields (Scheme 2).29 

All the spectral data of the synthesized compounds were in full 
agreement with the proposed structures and were also discussed 
for a representative compound, 6d.  In the 1H-NMR spectrum, the 
signals are at δ 7.75–6.99 (11H, Ar-H), 6.72 (1H, isoxazole-H), 
5.13 (2H, N-CH2), 3.87 (3H, OCH3), and 3.81 (3H, OCH3), and 
in the 13C-NMR spectrum, the signals are at 159.70 & 159.15 
(2C-OCH3), 55.27 (O-CH3), and 42.50 (N-CH2). The [M+H] ion 
peak at m/z 547 in the ESI mass spectrum confirmed the structure 
of compound 6d. The elemental analysis (C, H, and N) data (C, 
61.48; H, 3.71; N, 10.21) confirmed the purity of compound 6d. 
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Scheme 2.  Reagents and conditions: (iv) NH2OH.HCl, NaOH, 
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In vitro cytotoxicity  
The indole-1,2,4-oxadiazole conjugated isoxazole were 

evaluated for their anticancer activity against two breast cancer 
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cell lines, MCF-7 and MDA-MB-231 and were compared with 
erlotinib as the standard. The results of the anticancer activity 
screening are summarized in Table 1.30 The compounds have 
stronger action against MCF-7 than MDA-MB-231 cancer cells. 
Those compounds demonstrated IC50 values ranging from 
2.16±0.52 μM to 61.61±1.23 μM, while the standard drugs 
displayed values ranging from 4.28 ± 0.11 (MCF-7) and 7.46 ± 
0.39 μM (MDA-MB-231) respectively. Among the screened 
compounds, five compounds like 4-chloro phenyl on the 
isoxazole ring (6e), 4-fluoro phenyl on the isoxazole ring (6g), 3-
chloro phenyl on the isoxazole ring (6l), 2-bromo phenyl on the 
isoxazole ring (6h), 4-chloro phenyl on the isoxazole ring (6i), 
3,5-dichloro phenyl on the isoxazole ring (6m), and 4-cyano 
phenyl on the isoxazole ring (6o) were found to be active against 
MCF-7 cancer cell line. Predominantly, the compounds (6m) 
(MCF-7; IC50= 2.16±0.52 μM) and (6g) (MCF-7; IC50= 
3.21±0.48 μM) showed more potent activity compared to the 
standard drug erlotinib (Figure 2).   

Kinase inhibition 
The epidermal growth factor (EGFR) plays an important role 

in cell survival, growth, differentiation, and tumorigenesis. 
Accordingly, the inhibitory potential of a variety of indole-1,2,4-
oxadiazole conjugated isoxazole based derivatives against the 
tyrosine kinase EGFR was investigated.[21] In view of this, the 
inhibitory activity against the tyrosine kinase EGFR was tested 
for our five potent compounds (6e, 6g, 6l, 6m, and 6o), and the 
results were correlated with their in vitro cytotoxicity data. In 
detail, the compound 6g (IC50: 0.311±0.05 μM) showed ≈ 1.35 
fold more potent activity than erlotinib (IC50: 0.421±0.03 μM). 
Similarly, compound 6m (IC50: 0.217±0.03 μM) showed ≈ 2.0 
fold more potent activity as compared to erlotinib, while the 
compounds 6o (IC50: 0.548±0.07 μM) and 6e (IC50: 0.682±0.09 
μM) have shown equipotent activity compared to standard. 
Remaining compound 6l (IC50: 0.864±0.08 μM) showed good   
EGFR inhibitory activity as compared to reference erlotinib. 

 
Table 1. In vitro cytotoxicity activity with IC50 in μM.[a] 

Comp. R MCF-7 MDA-MB-231 MCF-10A 
6a H 21.43± 1.21 61.61±1.23 - 
6b 4-Me 19.87± 1.02 54.38± 1.21 - 
6c 3-Me 23.47±1.12 57.87± 1.66 - 
6d 4-OMe 17.38 ± 0.98 29.50± 1.16 - 
6e 4-Cl 4.88± 0.63 13.81±1.12 17.88±1.15 
6f 4-Br 13.11 ± 1.02 19.87±1.05 - 
6g 4-F 3.21 ± 0.48 9.43±0.94 14.77±1.12 
6h 4-NO2 12.66±0.96 20.33±1.02  
6i 3,5-diMe 18.16± 1.09 47.93±1.31  
6j 2,3-diMe 20.66±1.22 51.35±1.11  
6k 3-NO2 15.19±1.32 48.39±1.08 - 
6l 3-Cl 5.83±0.83 14.21 ± 0.97 18.61±1.08 

6m  3,5-diCl 2.16±0.52 8.33± 0.81 13.54 ±1.01 
6n 3,5-

diNO2 
11.18±0.95 18.31±0.94 - 

6o 4-CN 5.32±0.69 15.08±0.83 21.54±1.18 
Standa

rd 
Erlotinib 4.28 ± 0.11 7.46 ± 0.39 - 

[a]=Values are mean ± SD of three replicates. “-”= not tested. 
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derivatives. 

Table 2:  EGFR inhibitory activity of potent compounds. 

Compound IC50(M) 
6e 0.682±0.09 
6g 0.311±0.05 
6l 0.864±0.08 

6m 0.203±0.03 
6o 0.548±0.07 

Erlotinib 0.421±0.03 
 

EXPERIMENTAL SECTION 
Synthesis of 3-(3,5-dichloro-4-methoxyphenyl)-5-(1H-

indol-3-yl)-1,2,4-oxadiazole (3): A mixture of 3,5-dichloro-4-
methoxybenzonitrile   (5g,  0.025 mol), NH2OH.HCl (0.025 mol) 
and triethylamine (5 mL) in dry DCM (50 mL) was stirred at 
room temperature for 8 hours. After the aromatic carboxylic acids 
(0.037 mol) and vilsmeier reagent (0.03 mol) were added and 
resulting mixture stirred for further 7 hours at same temperature. 
The completion of reaction was confirmed by TLC, then the 
reaction mixture was washed successively with saturated 
NaHCO3 (50 ml) and brine (30 ml). The organic layer was dried 
(Na2SO4), filtered and the solvent was removed to give the crude 
product, which 1,2,4-oxadiazoles (3) were purified by short 
column chromatography (petroleum ether/ethyl acetate 8:2). 1H-
NMR (400 MHz, DMSO) δ 11.50  (s, 1H, -NH), 7.75  (d, J= 
8.0Hz, 1H), 7.50  (d, J=8.0 Hz, 1H), 7.35 (s, 2H), 7.24-7.16 (m, 
2H), 7.10-7.03 (m, 1H), 3.82 (s, 3H, -OCH3);  EI-MS m/z 360 
[M+H].  

Synthesis of 3-(3,5-dichloro-4-methoxyphenyl)-5-(1-(prop-
2-yn-1-yl)-1H-indol-3-yl)-1,2,4-oxadiazole (4): 

 A mixture of 3-(3,5-dichloro-4-methoxyphenyl)-5-(1H-indol-
3-yl)-1,2,4-oxadiazole (3) (4g, 0.011 mol), K2CO3 (0.033 mol) 
and propargyl bromide (0.016 mol) in DMF (50 mL) was stirred 
at room temperature for 6h. The completion of the reaction as 
monitored by TLC, the mixture was diluted with water (40 mL) 
and extracted with ethyl acetate (2 × 30 mL). The combined 
organic layer was washed with brine (2 × 30 mL), then dried 
under anhydrous Na2SO4 and finally concentrated under vacuum 
to afford compound (4) (81%). 1H-NMR (400 MHz, DMSO) δ 
7.73 (d, J= 8.0Hz, 1H), 7.55  (d, J=8.0 Hz, 1H), 7.38 (s, 2H), 
7.26-7.22 (m, 1H), 7.16 (s, 1H), 7.11-7.05 (m, 1H), 4.15 (d, J=4.0 
Hz, 2H, -CH2), 3.81 (s, 3H, -OCH3), 2.03 (t, J=4.0 Hz, 1H, -CH);  
EI-MS m/z 398 [M+H].  
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Synthesis of 3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-
(aryl)isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-oxadiazole 
(6a-6o). Aldehyde (0.5g) was added to a solution of 
hydroxylamine hydrochloride (4.0 mmol) in 15 mL of 1:1 tBuOH 
: H2O. To this was added NaOH (4.0 mmol), and the mixture was 
stirred for 30 min at ambient temperature. Chloramine-T 
trihydrate (4.0 mmol) was added in small portions over 10 min, 
followed by CuI (10mol %). 3-(3,5-dichloro-4-methoxyphenyl)-
5-(1-(prop-2-yn-1-yl)-1H-indol-3-yl) -1,2,4-oxadiazole (0.5g) 
was added, pH was adjusted to 6 by addition of a few drops of 1M 
NaOH, and stirring was continued for 8-10h. The reaction 
mixture was poured into cold water (50 mL), and 5 mL of dilute 
NH4OH were added to remove all copper salts. Isoxazole   was 
collected by filtration, redissolved, and passed through a short 
plug of silica gel (35% ethyl acetate–hexane) affording pure 
product. 

3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-
phenylisoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-oxadiazole 
(6a):  1H NMR (400 MHz, DMSO) δ 7.75 (d, J= 8.0Hz, 1H), 7.56  
(d, J=8.0 Hz, 1H),7.50-7.45 (m, 2H), 7.35 (s, 2H), 7.28-7.20 (m, 
4H), 7.14 (s, 1H), 7.11-7.07 (m, 1H), 6.78 (s, 1H), 5.12 (s, 2H), 
3.82 (s, 3H, -OCH3); 13C NMR (100 MHz, DMSO) δ  165.40, 
161.66, 160.30, 159.04, 156.38, 135.22, 130.46, 129.51, 
128.78(2C), 128.04(2C), 127.08(2C), 126.65, 126.12(2C), 
123.78, 122.63, 122.08, 121.59, 120.83, 110.36, 98.72, 96.92, 
56.20, 42.25; ESI-MS m/z: 517 [M+H]. Anal.Cal for 
C27H18Cl2N4O3; C, 62.68; H, 3.51; N, 10.83; found C, 62.65; H, 
3.53; N, 10.86. 

3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-(p-
tolyl)isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-oxadiazole 
(6b):  1H NMR (400 MHz, DMSO) δ 7.73 (d, J= 8.0Hz, 1H), 7.61 
(d, J= 8.0Hz, 2H),  7.53  (d, J=8.0 Hz, 1H), 7.40 (d, J= 8.0Hz, 
2H), 7.31 (s, 2H), 7.26-7.22 (m, 1H), 7.13 (s, 1H), 7.10-7.07 5(m, 
1H), 6.73 (s, 1H), 5.13 (s, 2H), 3.81 (s, 3H, -OCH3), 2.37 (s, 3H, 
-CH3); 13C NMR (100 MHz, DMSO) δ  165.60, 161.40, 160.10, 
159.19, 156.29, 139.59, 135.30, 130.42, 129.11(2C), 128.20(2C), 
127.40(2C), 126.27, 125.59(2C), 123.30, 122.70, 122.16, 121.61, 
120.29, 110.49, 98.70, 96.50, 56.43, 42.37, 21.54; ESI-MS m/z: 
531 [M+H]. Anal.Cal for C28H20Cl2N4O3; C, 63.29; H, 3.79; N, 
10.54; found C, 63.33; H, 3.83; N, 10.57.  

3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-(m-
tolyl)isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-oxadiazole 
(6c):  1H NMR (400 MHz, DMSO) δ 7.74 (d, J= 8.0Hz, 1H), 7.54  
(d, J=8.0 Hz, 1H), 7.46-7.41(m, 2H), 7.35 (s, 2H), 7.28-7.22 (m, 
3H), 7.13 (s, 1H), 7.10-7.04 (m, 1H), 6.79 (s, 1H), 5.13 (s, 2H), 
3.81 (s, 3H, -OCH3), 2.29 (s, 3H, -CH3); 13C NMR (100 MHz, 
DMSO) 165.80, 161.36, 160.10, 159.09, 156.14, 137.22, 135.35, 
132.30, 131.25, 129.76(2C), 128.97, 128.37, 127.27, 126.27(2C), 
124.13, 123.58, 122.84, 122.20, 121.35, 120.29, 110.75, 98.24, 
96.25, 56.53, 42.61, 21.13; ESI-MS m/z: 531 [M+H]. Anal.Cal 
for C28H20Cl2N4O3; C, 63.29; H, 3.79; N, 10.54; found C, 63.32; 
H, 3.83; N, 10.58. 

3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-(4-
methoxyphenyl) isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-
oxadiazole (6d):  1H NMR (400 MHz, DMSO) δ 7.75 (d, J= 
8.0Hz, 1H), 7.69 (d, J=8.0 Hz, 2H), 7.53  (d, J=8.0 Hz, 1H), 7.32 

(s, 2H), 7.21-7.10 (m, 2H), 7.09-7.03 (m, 1H), 6.99 (d, J=8.0 Hz, 
2H), 6.72 (s, 1H), 5.13 (s, 2H), 3.87 (s, 3H, -OCH3), 3.81 (s, 3H, 
-OCH3); 13C NMR (100 MHz, DMSO) δ 165.67, 161.44, 160.15, 
159.70, 159.15, 156.13, 135.32, 129.67(2C), 128.91(2C), 126.64, 
126.11(2C), 123.82, 122.95, 122.08, 121.65, 121.13, 120.22, 
114.60(2C), 110.68, 98.55, 96.82, 56.47, 55.27, 42.50; ESI-MS 
m/z: 547 [M+H]. Anal.Cal for  C28H20Cl2N4O4; C, 61.44; H, 3.68; 
N, 10.24; found C, 61.48; H, 3.71; N, 10.21. 

5-(1-((3-(4-chlorophenyl)isoxazol-5-yl)methyl)-1H-indol-
3-yl)-3-(3,5-dichloro-4-methoxyphenyl)-1,2,4-oxadiazole 
(6e):  1H NMR (400 MHz, DMSO) δ 7.75 (d, J= 8.0Hz, 1H), 7.65 
(d, J= 8.0Hz, 2H), 7.53  (d, J=8.0 Hz, 1H), 7.41 (d, J= 8.0Hz, 
2H),  7.32 (s, 2H), 7.25-7.15(m, 2H), 7.10-7.03 (m, 1H), 6.77 (s, 
1H), 5.13 (s, 2H), 3.81 (s, 3H, -OCH3); 13C NMR (100 MHz, 
DMSO) δ  165.39, 161.72, 160.18, 159.11, 156.20, 135.73, 
135.17, 129.95, 129.07(2C), 128.21(2C), 127.33(2C), 126.39, 
126.00(2C), 123.57, 122.58, 122.07, 121.44, 120.67, 110.34, 
98.83, 96.64, 56.19, 42.47; ESI-MS m/z: 551 [M+H]. Anal.Cal 
for C27H17Cl3N4O3; C, 58.77; H, 3.11; N, 10.15; found C, 58.75; 
H, 3.14; N, 10.17. 

5-(1-((3-(4-bromophenyl)isoxazol-5-yl)methyl)-1H-indol-
3-yl)-3-(3,5-dichloro-4-methoxyphenyl)-1,2,4-oxadiazole (6f):  
1H NMR (400 MHz, DMSO) δ 7.75 (d, J= 8.0Hz, 1H), 7.56  (d, 
J=8.0 Hz, 1H),7.48-7.43 (m, 4H), 7.35 (s, 2H), 7.23-7.19 (m, 
1H), 7.14 (s, 1H), 7.10-7.05 (m, 1H), 6.76 (s, 1H), 5.13 (s, 2H), 
3.81 (s, 3H, -OCH3); 13C NMR (100 MHz, DMSO) δ    165.60, 
161.56, 160.29, 159.01, 156.09, 135.34, 131.44(2C), 129.17(2C), 
127.44, 126.65(2C), 126.27, 125.83(2C), 124.80, 123.68, 122.69, 
122.16, 121.39, 120.74, 110.47, 98.49, 96.33, 56.56, 42.47; ESI-
MS m/z: 594 [M+H] & 596 [M+3H]. Anal.Cal for 
C27H17BrCl2N4O3; C, 54.39; H, 2.87; N, 9.40; found C, 54.35; H, 
2.82; N, 9.45. 

3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-(4-
fluorophenyl) isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-
oxadiazole (6g):  1H NMR (400 MHz, DMSO) δ 7.99 (d, J= 
8.0Hz, 2H),  7.75 (d, J= 8.0Hz, 1H), 7.65 (d, J= 8.0Hz, 2H),  7.52  
(d, J=8.0 Hz, 1H),  7.33 (s, 2H), 7.24-7.20 (m, 1H), 7.15 (s, 1H), 
7.10-7.05 (m, 1H), 6.81 (s, 1H), 5.13 (s, 2H), 3.82 (s, 3H, -
OCH3); 13C NMR (100 MHz, DMSO) δ  165.60, 161.72, 161.08, 
160.11, 159.09, 156.09, 135.46, 130.27(2C), 129.76(2C), 127.96, 
126.63, 126.27(2C), 123.35, 122.75, 122.16, 121.53, 120.75, 
115.53(2C), 110.52, 98.91, 96.49, 56.48, 42.46; ESI-MS m/z: 
535 [M+H]. Anal.Cal for C27H17Cl2FN4O3; C, 60.57; H, 3.20; N, 
10.47; found C, 60.54; H, 3.24; N, 10.45.  

3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-(4-nitrophenyl) 
isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-oxadiazole 
 (6h):  1H NMR (400 MHz, DMSO) δ 8.40 (d, J= 8.0Hz, 
2H), 8.20 (d, J= 8.0Hz, 2H), 7.75 (d, J= 8.0Hz, 1H), 7.55  (d, 
J=8.0 Hz, 1H), 7.36 (s, 2H), 7.26-7.20 (m, 2H),   7.12-7.05 (m, 
1H), 6.82 (s, 1H), 5.13 (s, 2H), 3.81 (s, 3H, -OCH3); 13C NMR 
(100 MHz, DMSO) δ 165.38, 161.67, 160.16, 159.05, 156.24, 
149.70, 136.35, 135.66, 129.62(2C), 128.01, 127.21(2C), 
126.70(2C), 126.19, 125.70(2C), 125.20, 123.29, 122.61, 122.09, 
121.57, 120.79, 110.74, 98.77, 96.46, 56.20, 42.64; ESI-MS m/z: 
562 [M+H]. Anal.Cal for C27H17Cl2N5O5; C, 57.67; H, 3.05; N, 
12.45; found C, 57.69; H, 3.02; N, 12.48. 
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3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-(3,5-
dimethylphenyl) isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-
oxadiazole (6i):  1H NMR (400 MHz, DMSO) δ 7.74 (d, J= 
8.0Hz, 1H), 7.59 (s, 2H), 7.52  (d, J=8.0 Hz, 1H), 7.35 (s, 2H), 
7.29-7.20 (m, 2H), 7.18-7.06 (m, 2H), 6.72 (s, 1H), 5.15 (s, 2H), 
3.82 (s, 3H, -OCH3), 2.34 (s, 6H, 2CH3); 13C NMR (100 MHz, 
DMSO) δ    165.56, 161.54, 160.12, 159.51, 156.22, 137.04(2C), 
135.36, 132.00, 131.12, 129.74(2C), 126.66, 126.13(2C), 
125.57(2C), 123.88, 122.91, 122.09, 121.53, 120.23, 110.59, 
98.69, 96.77, 56.11, 42.49, 21.30(2C), ESI-MS m/z: 545 [M+H]. 
Anal.Cal for C29H22Cl2N4O3; C, 63.86; H, 4.07; N, 10.27; found 
C, 63.89; H, 4.03; N, 10.30. 

3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-(2,3-
dimethylphenyl) isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-
oxadiazole (6j):  1H NMR (400 MHz, DMSO) δ 7.74 (d, J= 
8.0Hz, 1H), 7.54  (d, J=8.0 Hz, 1H), 7.48-7.40 (m, 1H), 7.33 (s, 
2H), 7.24-7.20 (m, 4H),  7.10-7.04 (m, 1H), 6.77 (s, 1H), 5.15 (s, 
2H), 3.81 (s, 3H, -OCH3), 2.30 (s, 3H, -CH3), 1.98 (s, 3H, -CH3); 
13C NMR (100 MHz, DMSO) δ 165.59, 161.87, 160.41, 159.13, 
156.16, 137.50, 136.90, 135.10, 133.22, 131.30, 129.27(2C), 
126.64, 126.11(2C), 125.36, 123.67, 122.95, 122.08, 121.13, 
120.22, 110.66, 98.68, 96.90, 56.42, 42.47, 19.46, 16.24; ESI-MS 
m/z: 545 [M+H]. Anal.Cal for C29H22Cl2N4O3; C, 63.86; H, 4.07; 
N, 10.27; found C, 63.89; H, 4.04; N, 10.29. 

3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-(3-
nitrophenyl)isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-
oxadiazole (6k):  1H NMR (400 MHz, DMSO) δ 8.48 (s, 1H), 
8.23-8.19 (m, 3H),  7.76 (d, J= 8.0Hz, 1H), 7.55  (d, J=8.0 Hz, 
1H),  7.32 (s, 2H), 7.25-7.20 (m, 1H), 7.13 (s, 1H), 7.09-7.05 (m, 
1H), 6.81 (s, 1H), 5.13 (s, 2H), 3.82 (s, 3H, -OCH3); 13C NMR 
(100 MHz, DMSO) δ    165.78, 161.70, 160.50, 159.22, 156.44, 
147.48, 135.76, 134.46, 132.11, 129.58(2C), 128.36, 127.69, 
126.65, 126.11(2C), 124.80, 123.82, 122.76, 122.07, 121.35, 
120.72, 110.58, 98.33, 96.71, 56.28, 42.62; ESI-MS m/z: 562 
[M+H]. Anal.Cal for C27H17Cl2N5O5; C, 57.67; H, 3.05; N, 12.45; 
found C, 57.63; H, 3.07; N, 12.48. 

5-(1-((3-(3-chlorophenyl)isoxazol-5-yl)methyl)-1H-indol-
3-yl)-3-(3,5-dichloro-4-methoxyphenyl)-1,2,4-oxadiazole (6l):  
1H NMR (400 MHz, DMSO) δ 7.82 (s, 1H), 7.75 (d, J= 8.0Hz, 
1H), 7.56  (d, J=8.0 Hz, 1H),7.49-7.43 (m, 2H), 7.35 (s, 2H), 
7.28-7.23 (m, 2H), 7.13 (s, 1H), 7.09-7.04 (m, 1H), 6.79 (s, 1H), 
5.13 (s, 2H), 3.81 (s, 3H, -OCH3); 13C NMR (100 MHz, DMSO) 
δ 165.42, 161.55, 160.42, 159.28, 156.27, 135.52, 132.71, 
132.21, 129.40, 128.67(2C), 128.06, 126.27(2C), 125.54, 124.52, 
123.06, 122.65, 122.16, 121.29, 120.29, 110.62, 98.49, 96.69, 
56.21, 42.31; ESI-MS m/z: 551 [M+H]. Anal.Cal for 
C27H17Cl3N4O3; C, 58.77; H, 3.11; N, 10.15; found C, 58.72; H, 
3.15; N, 10.18. 

3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-(3,5-
dichlorophenyl) isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-
oxadiazole (6m):  1H NMR (400 MHz, DMSO) δ 7.75 (d, J= 
8.0Hz, 1H), 7.70 (s, 2H), 7.56  (d, J=8.0 Hz, 1H), 7.43(s, 1H), 
7.35 (s, 2H), 7.28-7.20 (m, 1H), 7.15 (s, 1H), 7.10-7.05 (m, 1H), 
6.79 (s, 1H), 5.13 (s, 2H), 3.81 (s, 3H, -OCH3); 13C NMR (100 
MHz, DMSO) δ  165.55, 161.77, 160.54, 159.18, 156.35, 135.64, 
133.65(2C), 131.97, 130.74, 129.58(2C), 126.65, 126.00(2C), 

125.15(2C), 123.02, 122.54, 122.15, 121.09, 120.56, 110.85, 
98.70, 96.60, 56.56, 42.47; ESI-MS m/z: 584 [M+H]. Anal.Cal 
for C27H16Cl4N4O3; C, 55.32; H, 2.75; N, 9.56; found C, 55.35; 
H, 2.77; N, 9.52. 

3-(3,5-dichloro-4-methoxyphenyl)-5-(1-((3-(3,5-
dinitrophenyl) isoxazol-5-yl)methyl)-1H-indol-3-yl)-1,2,4-
oxadiazole (6n):  1H NMR (400 MHz, DMSO) δ 8.48 (s, 2H), 
8.21 (s, H), 7.77 (d, J= 8.0Hz, 1H), 7.57  (d, J=8.0 Hz, 1H), 7.34 
(s, 2H), 7.25-7.20 (m, 1H), 7.15 (s, 1H), 7.10-7.06 (m, 1H), 6.80 
(s, 1H), 5.13 (s, 2H), 3.83 (s, 3H, -OCH3); 13C NMR (100 MHz, 
DMSO) δ    165.74, 161.51, 160.21, 159.35, 156.09, 146.31(2C), 
135.69, 132.89(2C), 131.15, 129.30(2C), 126.65, 126.12(2C), 
123.78, 122.58, 122.08, 121.86, 121.29, 120.22, 110.53, 98.49, 
96.77, 56.74, 42.47; ESI-MS m/z: 607 [M+H]. Anal.Cal for 
C27H16Cl2N6O7; C, 53.39; H, 2.66; N, 13.84; found C, 53.35; H, 
2.62; N, 13.87. 

4-(5-((3-(3-(3,5-dichloro-4-methoxyphenyl)-1,2,4-
oxadiazol-5-yl)-1H-indol-1-yl) methyl)isoxazol-3-
yl)benzonitrile (6o):  1H NMR (400 MHz, DMSO) δ 7.75 (d, J= 
8.0Hz, 1H), 7.72 (d, J=8.0 Hz, 2H), 7.56  (d, J=8.0 Hz, 1H),  7.43 
(d, J=8.0 Hz, 2H), 7.32 (s, 2H), 7.25-7.20 (m, 1H), 7.13 (s, 1H), 
7.08-7.02 (m, 1H), 6.79 (s, 1H), 5.13 (s, 2H), 3.81 (s, 3H, -
OCH3); 13C NMR (100 MHz, DMSO) δ 165.49, 161.56, 160.39, 
159.34, 156.26, 135.93, 135.09, 132.54(2C), 129.55(2C), 
128.40(2C), 126.64, 126.08(2C), 123.64, 122.95, 122.08, 121.22, 
120.22, 119.08, 114.75, 110.40, 98.62, 96.72, 56.38, 42.52; ESI-
MS m/z: 542 [M+H]. Anal.Cal for C28H17Cl2N5O3; C, 62.01; H, 
3.16; N, 12.91; found C, 62.04; H, 3.12; N, 12.95. 

CONCLUSION  
A series of indole-1,2,4-oxadiazole-isoxazole were prepared 

and tested for their anticancer potential against two breast cancer 
cell lines MCF-7 and MDA-MB-231. More potent compounds 
were found to possess anti EGFR tyrosine kinase activity, 
comparable with the standard drug erlotinib. All the compounds 
have stronger action against MCF-7 than MDA-MB-231 cancer 
cell. Among all compounds 6e, 6g, 6l, 6m, and 6o have shown 
more potent activity compared to remaining compounds. 
Compounds 6g and 6m have shown more potent activity than 
standard erlotinib (4.28 ± 0.11 µM) with IC50 values 3.21±0.48 
and 2.16±0.52 µM respectively.   Further, EGFR inhibitory 
activity of above potent compounds revealed that compounds 6g 
and 6m demonstrated better potency than erlotinib (0.421±0.03 
μM), with IC50 values of 0.311±0.05 and 0.203±0.03 μM, 
respectively and remaining compounds have shown good 
activity. These results are suggesting that a simple modification 
of compounds 6g and 6m can be better candidates for future 
investigations to produce new drugs.  

SUPPLEMENTARY MATERIAL 
Supplementary material (NMR spectra of compounds) of 

article can be found, in the online version, at journal site. 

ACKNOWLEDGMENT  
The authors are thankful to the Department of Biotechnology, 

Kakatiya University, Hanumakonda, for providing biological 
activity data. 



A. Dubba et. al. 
 

 
Chemical Biology Letters                        Chem. Biol. Lett., 2024, 11(1), 651             Page  6 

CONFLICT OF INTEREST STATEMENT  
The authors declare that there is no conflict of interest, 

academic or financial, for publication of this article. 
List of abbreviations: 
EGFR=Epidermal Growth Factor Receptor 
VEGFR=Vascular endothelial growth factor Receptor 
DMF= Dimethylformamide 
TEA= Triethylamine 
DCM= Dichloromethane 
TsN(Cl)Na.3H2O = Tosylchloramide sodium trihydrate 
1H NMR= Proton nuclear magnetic resonance 
13C NMR= Carbon-13 nuclear magnetic resonance 
DMSO=Dimethyl sulfoxide 
EI-MS= Electron Ionization-Mass Spectrometry 

REFERENCES  
1.  H. Sung, J. Ferlay, R.L. Siegel, et al. Global Cancer Statistics 2020: 

GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 
Cancers in 185 Countries. CA. Cancer J. Clin. 2021, 71 (3), 209–249. 

2.  B.S. Chhikara, K. Parang. Global Cancer Statistics 2022: the trends 
projection analysis. Chem. Biol. Lett. 2023, 10 (1), 451. 

3.  H. Masuda, D. Zhang, C. Bartholomeusz, et al. Role of epidermal growth 
factor receptor in breast cancer. Breast Cancer Res. Treat. 2012, 136 (2), 
331–345. 

4.  M.J. Lee, A.S. Ye, A.K. Gardino, et al. Sequential application of 
anticancer drugs enhances cell death by rewiring apoptotic signaling 
networks. Cell. 2012, pp 780–794. 

5.  M.R. Nallapu, R. Vadluri, J. Arasan. Design and synthesis of new 
Nilutamide-1,2,3-triazole derivatives as in vitro Anticancer agents. 
Chem. Biol. Lett. 2022, 9 (4), 405. 

6.  A. Kaur, M. Gupta. Thiadiazole derivatives as protein kinase inhibitor: 
An insight to synthesis and structure activity relationship. J. Integr. Sci. 
Technol. 2020, 8 (2), 31–40. 

7.  E.J. Barreiro. Chapter 1: Privileged scaffolds in medicinal chemistry: An 
introduction. RSC Drug Discov. Ser. 2016, 2016-January (50), 1–15. 

8.  A. Kumari, R.K. Singh. Medicinal chemistry of indole derivatives: 
Current to future therapeutic prospectives. Bioorg. Chem. 2019, 89, 
103021. 

9.  V.K. Rao, B.S. Chhikara, A.N. Shirazi, et al. 3-substitued indoles: one-
pot synthesis and evaluation of anticancer and Src kinase inhibitory 
activities. Bioorg Med Chem Lett 2011, 21 (12), 3511–3514. 

10.  A. Yadav, A. Shirolkar, R. Dabur. Impact of Ayurvedic drug Tinospora 
cordifolia in hyperlipidemia induced dysbiosis. Chem. Biol. Lett. 2022, 9 
(3), 363. 

11.  M. Balhara, B.S. Chhikara. Synthesis and applications of Aryl-oxazole 
natural compound Hinduchelin A-D and derivatives: A hitherto advances 
review. J. Mol. Chem. 2022, 2 (2), 442. 

12.  W. Li, Y.Y. Qi, Y.Y. Wang, et al. Design, synthesis, and biological 
evaluation of sorafenib derivatives containing indole (ketone) 
semicarbazide analogs as antitumor agents. J. Heterocycl. Chem. 2020, 
57 (6), 2548–2560. 

13.  B. Sever, M.D. Altıntop, A. Özdemir, et al. In Vitro and In Silico 
Evaluation of Anticancer Activity of New Indole-Based 1,3,4-
Oxadiazoles as EGFR and COX-2 Inhibitors. Molecules 2020, 25 (21), 
5190. 

14.  J. Song, J. Yoo, A. Kwon, et al. Structure-activity relationship of indole-
tethered pyrimidine derivatives that concurrently inhibit epidermal 
growth factor receptor and other angiokinases. PLoS ONE. 2015, p 
138823. 

15.  J. Yong, C. Lu, X. Wu. Synthesis and Preliminarily Cytotoxicity to 
A549, HCT116 and MCF-7 Cell Lines of thieno[2,3-d]pyrimidine 
Derivatives Containing Isoxazole Moiety. Lett. Drug Des. Discov. 2018, 
15 (5), 463–474. 

16.  D. Im, K. Jung, S. Yang, W. Aman, J.M. Hah. Discovery of 4-arylamido 
3-methyl isoxazole derivatives as novel FMS kinase inhibitors. Eur. J. 
Med. Chem. 2015, 102, 600–610. 

17.  M. Carbone, Y. Li, C. Irace, et al. Structure and cytotoxicity of 
phidianidines A and B: First finding of 1,2,4-oxadiazole system in a 
marine natural product. Org. Lett. 2011, 13 (10), 2516–2519. 

18.  R.M. Vitale, M. Gatti, M. Carbone, et al. Minimalist hybrid 
ligand/receptor-based pharmacophore model for CXCR4 applied to a 
small-library of marine natural products led to the identification of 
phidianidine A as a new CXCR4 ligand exhibiting antagonist activity. 
ACS Chem. Biol. 2013, 8 (12), 2762–2770. 

19.  L. Zhang, C.S. Jiang, L.X. Gao, et al. Design, synthesis and in vitro 
activity of phidianidine B derivatives as novel PTP1B inhibitors with 
specific selectivity. Bioorganic Med. Chem. Lett. 2016, 26 (3), 778–781. 

20.  H.Z. Zhang, S. Kasibhatla, J. Kuemmerle, et al. Discovery and structure-
activity relationship of 3-aryl-5-aryl-1,2,4- oxadiazoles as a new series 
of apoptosis inducers and potential anticancer agents. J. Med. Chem. 
2005, 48 (16), 5215–5223. 

21.  K. Biernacki, M. Daśko, O. Ciupak, et al. Novel 1,2,4-Oxadiazole 
Derivatives in Drug Discovery. Pharmaceuticals 2020, 13 (6), 111. 

22.  A. Bharwal, M. Gupta. 1,3,4 Oxadiazole: An emerging scaffold to target 
different growth factors and kinases. Chem. Biol. Lett. 2020, 7 (4), 225–
235. 

23.  M. Kaur, S. Singh, H. Kaur, N. Sharma. Synthesis, spectral studies and 
biological activity of novel 2-(substituted phenyl)-6-phenylimidazo[2,1-
b]1,3,4-oxadiazole. J. Integr. Sci. Technol. 2022, 10 (1), 18–23. 

24.  Claudio Viegas-Junior, Eliezer J. Barreiro, Carlos Alberto Manssour 
Fraga. Molecular Hybridization: A Useful Tool in the Design of New 
Drug Prototypes. Curr. Med. Chem. 2007, 14 (17), 1829–1852. 

25.  L.K. Gediya, V.C. Njar. Promise and challenges in drug discovery and 
development of hybrid anticancer drugs. Expert Opin. Drug Discov. 
2009, 4 (11), 1099–1111. 

26.  P. Chaya, A.A. Cheriyan, S. Shah, et al. Synthesis and medicinal 
applications of quinoline hybrid heterocycles : a comprehensive review. 
J. Mol. Chem. 2022, 2 (1), 338. 

27.  M. Zarei. A Mild and Efficient One-Pot Preparation of 1,2,4-Oxadiazoles 
from Nitriles and Carboxylic Acids Using Vilsmeier Reagent. 
ChemistrySelect. 2018, pp 11273–11276. 

28.  S. Narsimha, N. Satheesh Kumar, B. Kumara Swamy, et al. Indole-2-
carboxylic acid derived mono and bis 1,4-disubstituted 1,2,3-triazoles: 
Synthesis, characterization and evaluation of anticancer, antibacterial, 
and DNA-cleavage activities. Bioorganic Med. Chem. Lett. 2016, 26 (6), 
1639–1644. 

29.  T. V Hansen, P. Wu, V. V Fokin. One-Pot Copper(I)-Catalyzed 
Synthesis of 3,5-Disubstituted Isoxazoles. J. Org. Chem. 2005, 70 (19), 
7761–7764. 

30.  J.M.R. Velidandla, S.K. Koppula. Organocatalytic [3 + 2] Cycloaddition 
Reaction: Synthesis of Fully Decorated Sulfonyl-1,2,3-Triazolyl 
Pyrimidines as Potent Anticancer and EGFR Inhibitors. Polycycl. 
Aromat. Compd. 2023, 1–13. 

 
 


	Introduction
	Results and discussion
	Experimental section
	Conclusion
	Supplementary material
	Acknowledgment
	Conflict of Interest statement
	References

