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A library of new coumarin-1,2,3-triazole hybrids 7a–l were
synthesized from 4-(diethylamino)-2-hydroxybenzaldehyde pre-
cursor through a series of reactions including Vilsmeier-Haack
reaction and condensation reaction to achieve key intermediate
oxime and further performed click reaction by using different
aromatic azides. We screened all molecules in silico against
crystal structure of Serine/threonine-protein kinase 24 (MST3),
based on these results all molecules were screened for their
cytotoxicity against human breast cancer MCF-7 and lung

cancer A-549 cell lines. Compound 7b (p-bromo) showed best
activity against both cell lines MCF-7 and A-549 with IC50 value
of 29.32 and 21.03 μM, respectively, in comparison to Doxor-
ubicin corresponding IC50 value of 28.76 and 20.82 μM. Another
compound 7f (o-methoxy) also indicated good activity against
both cell lines with IC50 value of 29.26 and 22.41 μM. The
toxicity of all compounds tested against normal HEK-293 cell
lines have not shown any adverse effects.

1. Introduction

Over the last few decades, the incidences of lethal diseases
have grown more rapidly throughout the globe, and their
effects are also increased daily and lead to death. In this
context, there is a need to develop effective new drugs to
prevent those fatal diseases such as cancer,[1,2] viral attacks,[3–5]

etc. Moreover, one of the most irremediable diseases is cancer;
it significantly impacts humanity and leads to death. Cancer
deaths account for millions of deaths per year worldwide.[6,7]

However, chemotherapy is one of the best treatment methods
for reducing the growth and stopping cancer cells compared to
other available treatment methods such as stem cell trans-
plantation, radiation therapy and immune therapy.[8] Moreover,
scientists around the globe have struggled and a way found to
cure or prevent cancer. As a result, only a few inhibitory small
molecules are coming into the market, and many are in clinical
trials only. Even now, there are no effective drugs available for
cancer treatment. Drugs from medicinal plants have an

advantage over synthetic drugs due to their availability, and no
side effects towards enhancing the quality of health of cancer
patients. Few research groups discovered drugs like coumarin
and their derivatives from plant materials effectively reduced
incurable diseases in humans.[9,10]

The coumarin molecules are familiar and notorious moities
with several applications, and vital action is occurring in arrears
to concession of shape and physicochemical properties of the
2-benzopyrone entity.[11–14] However, coumarin and its deriva-
tives were found to have a wide range of biological and
pharmaceutical activities and have been used as good activity
agents over decades for the cure of cancer and HIV,[15]

coagulant,[16] oxidant[17] and inflammatory[18] and also used as
the fascinating aspects to control or to heal of asthma and
arthritis.[19] The synthesized derivatives of coumarin and D-
galactose moieties reports of Toan and coauthors showed
worthy of action against EGFR� L858R and EGFR� T790 M
tyrosine kinase.[13] Thus, these compounds act as significant
agents for metabolic agents and are used as aromas in the
manufacturing of food materials in the industry such as food
additives, cosmetics and perfume ingredients. Thus, the
coumarin and its derivatives have glaringly played a significant
and extensive role in the arena of anti-tumor therapy from last
few years.[20] Mostly, the more active epidermal growth factor
receptor (EGFR) can play a vital role in the growth and
development of certain belligerent types of breast cancer.[12,13]

Indeed, coumarin derivatives are found as essential drug agents
for treating metabolic diseases. Furthermore, 4-hydroxycoumar-
in was used to reduce the reverse transcriptase activity of ACH-
2-lymphocyte affected by the HIV[21] and the acylation of
hydroxy groups at C-7&C-8 positions of 7,8-dihydroxycoumarin
and C-7 position of the 7-hydroxycoumarin skeleton were
elucidated the changing of G-protein-coupled receptor activa-
tors into inhibitors.[22,23] Moreover, 3E-3-(4-methylbenzylidene)-

[a] V. Premsagar Miriyala, P. Raj Thommandru, Dr. R. Kishore
Department of Chemistry, School of Science, GITAM (Deemed to be
University), Visakhapatnam-530045, India
E-mail: kravada@gitam.edu

[b] Dr. J. Kashanna
Department of Chemistry, Rajiv Gandhi University of Knowledge Technolo-
gies-Basar, Nirmal-504107, India
E-mail: jajulakashanna@rgukt.ac.in

[c] Dr. V. Govinda
Department of Chemistry, Gayatri Vidya Parishad College, Visakhapatnam-
530045, India

[d] Dr. G. Ravi
Department of Chemistry, University College of Science, Osmania University,
Hyderabad, Telangana-500007, India

Supporting information for this article is available on the WWW under
https://doi.org/10.1002/cbdv.202300269

Chem. Biodiversity 2023, 20, e202300269 (1 of 10) © 2023 Wiley-VHCA AG, Zurich, Switzerland

www.cb.wiley.com

doi.org/10.1002/cbdv.202300269 Research Article

https://doi.org/10.1002/cbdv.202300269
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcbdv.202300269&domain=pdf&date_stamp=2023-06-12


3,4-dihydro-2H-chromen-2-one and Warfarin derivative were
found to an excellent anticancer agent to MCF-7 and HT-29
cells with diverse concentrations exhibited considerable cyto-
toxicity for breast cancer peoples[24] and 7-(carboxymethoxy)-4-
methyl coumarin was prescribed to patients who suffered with
upper or lower limb i. e., lymphedema disease.[25] Due to
heterocyclic conformational discrepancy in the coumarin deriv-
atives of 1,2,3-Triazole, these compounds project fascinating
aspects to have specific binding with tumor cells and to control
the growth of cancer cells in mitochondria and human serum
albumin.[26,28]

Molecular docking is a computational procedure that aims
to predict the favored orientation of a ligand to its macro-
molecular target (receptor) when these are bound to each other
to form a stable complex.[29] It is a reliable, cost-effective, and
time-saving technique in the process of drug discovery.[30]

Molecular docking is a rapidly growing platform in Computer
Aided Drug Discovery and Design (CADDD).[31] Autodock Vina
integrated PyRx is an open-source virtual screening tool most
widely used for in silco studies.[32–36]

However, additional attempts are still required to improve
the remedial use of these drugs to complete healing of breast
cancer. Moreover, Feng Gao and co-authors have elucidated
that 1,2,3-triazole-containing compounds were working as good
anti-lung cancer agents and clearly explained their mechanism
in the treatment of lung cancer development as a novel anti-
lung cancer agent with new technology with low toxicity and
high efficacy.[26] Therefore, in continuation of our work[27] on the
construction of bioactive products, we have designed different
coumarin-1,2,3-triazole derivatives to check whether they are
special stabilizers and may fetch some changes in the breast
cancer cells’ anatomy. In this study, coumarin-1,2,3-triazole
derivatives are synthesized and designed from 4-(diethylami-
no)-2-hydroxybenzaldehyde through a series of reactions
including Vilsmeier-Haack reaction (formylation step), conden-
sation followed by click reaction.

However, we have studied the binding of synthesized
coumarin derivatives with breast cancer cells under physiolog-
ical conditions with phosphate buffer (pH 7.4). In the present
study, we have depicted the influence of coumarin derivatives
on cytotoxic activity against four cancer cell lines. Besides, to
understand the knowledge of structural activity relationship, it
studies the cancer cells by performing the experimental and
molecular docking analysis. For Molecular docking studies we
selected Mst3 In complex with Cdk1/2 Inhibitor III, 5-Amino-3-
{[4-(Aminosulfonyl)Phenyl]Amino}-N-(2,6-Difluorophenyl)-1h-
1,2,4-Triazole-1-Carbothioamide (PDB_ID 4QMP). These MST
(Mammalian Sterile20-like) kinases emerged as key signaling
molecules that influenced cell proliferation, cell migration,
organ size, and cell polarity. Recent studies reported that
malfunctions in those MST kinases may result in cancer,
endothelial malformations, and a few autoimmune diseases.
MST3 is a member of the STRIPAK complex, the deregulation of
which has recently been associated with cancer cell migration
and metastasis. Targeting MST3 with small-molecule inhibitors
may be beneficial for the treatment of certain cancers, but little
information exists on the potential of kinase inhibitor scaffolds

to engage with MST3. Hence, we have chosen this protein
complex and accordingly we designed our synthesized com-
pounds to develop as a novel small molecule inhibitor.[37,38]

Increasing and focused studies have suggested the key roles of
MST mammalian Sterile20-like (MST) family of kinases in many
aspects of biology. Molecular docking studies explains the
relationship between the active binding sites of coumarin-1,2,3-
triazole based derivatives and targeted proteins.

Theoretical results of coumarin-1,2,3-triazole derivatives
afford to predict different binding sites through molecular
modeling and also support the coumarin substitution which is
more active in the entire protein molecule. Eventually, the
molecular docking results have maintained various efficacies
against cytotoxic associated with breast cancer cells (MCF-7)
and lung cancer (A549) cells. The structure and stability of the
cancer cells in the presence of coumarin-1,2,3-triazole have
received particular interest in biochemical, biological, and
pharmaceutical adaptation. To the best of our attention, there
is no more literature on the structure and stability of breast
cancer cells with the effect of coumarin-1,2,3-triazole deriva-
tives. Consequently, this study may help to determine the
aspects in the literature which cannot be avoided from the
requirement for future researchers who will work on tumor cells
with the effect of coumarin-1,2,3-triazole and its derivatives.

2. Results and Discussion

2.1. Chemistry

Synthetic route of (E)-7-(diethylamino)-2-oxo-2H-chromene-3-
carbaldehyde O-((substituted-phenyl-1H-1,2,3-triazol-4-yl)meth-
yl) oxime (7a–l) were represented in Scheme 1. Derivatives of
the coumarin-1,2,3-triazoles (7a–l) were carried out by cyclisa-
tion of 4-(diethylamino)-2-hydroxybenzaldehyde (1) using DMF
in PPA at room temperature for 2–3 h to afford 7-(diethylami-
no)-2H-chromen-2-one (2) followed by Vilsmeier-Haack reaction
in presence of DMF and POCl3 to afford 7-(diethylamino)-2-oxo-
2H-chromene-3-carbaldehyde (3). Which on further conversion
of oxime in presence of hydroxylic amine hydrochloride
methanol and sodium acetate for 1 hr (at room temperature) to
afford (E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde
oxime(4), in constitution compound 4 was treated with
propargyl bromide yields to (E)-7-(diethylamino)-2-oxo-2H-chro-
mene-3-carbaldehyde O-prop-2-yn-1-yl oxime (5). Which on
further click reaction of substituted aryl azides (6a–l) at the
terminal alkyne position (5) in presence of sodium ascorbate
and copper salt to afford the compounds with 1,2,3-triazole
tethered 7-(diethylamino)-2-oxo-2H-chromene hybrids (7a–l).
The products were obtained in good yields (75–82%). All the
newly synthesized coumarin-1,2,3-triazole derivatives (7a–l)
were characterized by FT-IR, MS, 1H-NMR and 13C-NMR. In FT-IR
spectra, compound 7b showed stretching absorption bands at
1518 cm� 1, 1221 cm� 1, and 2969 cm� 1 for N=N, C� N of triazole
moiety, and C� H bonds, respectively. The imine and lactone
carbonyl functions showed stretching bands at 1617 cm� 1 and
1703 cm� 1. The other compounds of series 7(a–l) shows similar
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and consistent pattern absorption bands in their respective IR
spectra. The 1H-NMR spectrum of compound 7b shows a triplet
at δ 1.43 ppm for CH3, 7c, 7f, 7 i, 7k and 7 l show triplets at
1.18 ppm, and 7g and 7h shows triplets at 1.17 ppm, and 7a,
7d, 7e and 7 j at δ 1.19, 1.14, 1.19 and 1.15 ppm, respectively.
The compound 7a and 7d shows a quartet at δ 3.37 and 3.34,
and 7b, 7k, 7 l at δ 3.46 whereas 7c and 7f–j at δ 3.50 ppm for
N� CH2 protons. The compounds 7a, 7e and 7l shows a singlet
at δ 4.71, 4.86 and 5.32 ppm for O� CH2 protons, whereas 7b,
7g at δ 5.29, and 7c, 7d, 7f and 7k at δ 5.31 ppm. Further, 7b,
7g and 7 j shows a singlet at δ 5.29 ppm for O� CH2 protons.
The compounds 7a–l showed the signals within the range δ
8.23–9.06 ppm for triazole ring, δ 6.56–7.86 ppm for imine
protons and the signals within the range of δ 6.75–8.31 ppm for
C4-H protons. Further, all compounds showed a multiplet within
the range of δ 6.84–8.23 ppm aromatic protons in their
respective spectra. The compounds 7a–l showed resonance
signals within the range of δ 12.4–12.8, δ 41.2–54.9, and δ 62.6–
63.9 ppm, respectively for N-ethyl CH3, CH2 and O� CH2 carbons
in their 13C-NMR spectra. The aromatic OCH3 carbon of 7f and

7g shows a resonance signal at δ 55.7 and 55.4 ppm, whereas
7h and 7i shows signal at δ 17.3 and 21.2 ppm. All compounds
of series 7a–l showed the signals in the range δ 139.8–
153.81 ppm, δ 142.39–155.48 ppm and δ 162.9–197.2 ppm for
C4-, C10- and lactone-carbonyl carbons, respectively. The other
signals appeared in the aromatic and substituent carbons
absorption region. The synthesized compounds 7a–l showed
the base peaks corresponding to their molecular mass in their
mass spectra. However, in addition to the base peaks,
compounds 7b, 7c and 7d showed a (M+2) peak corresponds
to 37Cl and 81Br isotopic masses.

2.2. Molecular Docking Studies

Serine/threonine-protein kinase 24 (MST3) promotes prolifera-
tion and tumorigenicity, its over expression is observed in
breast as well as lung cancer cells.[39] As a reason we have
chosen the crystal structure of MST3 (PDB ID: 4QMP) as in silico
target. The novel coumarin – triazole hybrids were docked into

Scheme 1. Synthetic route representation of compounds 7a–7l.
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the cavity of crystal structure of MST3 using Autodock Vina
integrated PyRx virtual screening tool,[32,40,41] and presented the
docking scores and binding interactions in Table 1. The docking
results were validated by re-docking the co-crystalized ligand 5-
amino-3-{[4-(aminosulfonyl)phenyl]amino}-n-(2,6-difluorophen-
yl)-1h-1,2,4-triazole-1-carbothioamide (DKI), it produced an
RMSD value of 1.025 Å and scored binding energy value of
� 8.8 kcal/mole.

The p-bromo substituted analog 7b scored highest docking
score of � 9.1 kcal/mol, greater than the score of DKI. The 7b
demonstrated key interactions with MST3 at amino acid sites
Ile30, Lys32 (two interactions) and Asp109 with bond distance
of 3.27, 1.73, 2.65 and 3.15 Å, respectively, these interactions are
important for formation of ligand – target complex. In addition,
hydrophobic interactions were executed Ile30, Gly31, Val38,
Ala51, Met99, Tyr101, Ser106, Ala148, Leu151, Ala161and
Asp162 in cavity of MST3 (Figure 1). The second highest
docking score of � 9.0 was reported by o-methoxy substituted

ligand 7f. It was also indicated H-bond interactions with Ile30,
Lys32 (two interactions) and Asp109, their bond distances were
recorded as 3.17, 1.75, 2.61 and 3.13 Å, respectively, in cavity of
MST3. Further, hydrophobic interactions were established with
amino acid sites Ile30, Gly31, Val38, Ala51, Met99, Gly105,
Ser106, Asp109, Ala148, Leu151, Ala161 and Asp162 of MST3
(Figure 2). The co-crystallized ligand DKI indicated H-bond
interactions with Lys32, Met99, Asp109 and Asp162, hydro-
phobic interactions were shown with Ile30, Val38, Ala51, Lys53,
Met99, Glu100, Ser106, Asp109, Ala148 and Leu151 of MST3
(Figure 3). Almost all the compounds exhibited H-bond inter-
actions like DKI at active sites of MST3 (Lys32 or Asp109 or
Asp162). The hydrophobic interactions of the compounds also
matching with DKI interactions, which reveal that these
compounds could best fit into the cavity of MST3.

Table 1. Docking scores and binding interactions of compound 7a–l against Serine/threonine-protein kinase 24 (MST3).

Entry Binding Energy Interacting Amino acids

H-bonding interactions Hydrophobic interactions

7a � 8.7 Lys32, Ser106, Ala148, Asn149 Ile30, Val38, Ala51, Met99, Tyr101, Leu151, Ala161, Asp162
7b � 9.1 Ile30, Lys32, Asp109 Ile30, Gly31, Val38, Ala51, Met99, Tyr101, Ser106, Ala148, Leu151, Ala161, Asp162
7c � 8.9 Ile30 Ile30, Val38, Ala51, Lys53, Met99, Tyr101, Gly104, Ser106, Asp109, Leu151, Ala161, Lys292
7d � 8.2 Ile30, Lys32 Ile30, Val38, Ala51, Met99, Asp109, Ala148, Leu151, Ala161, Asp162
7e � 8.7 Lys32, Ala148, Asn149 Ile30, Lys32, Val38, Ala51, Met99, Leu102, Ala148, Leu151, Ala161, Asp162,
7f � 9.0 Ile30, Lys32, Asp109 Ile30, Gly31, Val38, Ala51, Met99, Gly105, Ser106, Asp109, Ala148, Leu151, Ala161, Asp162
7g � 8.4 Asp162 Ile30, Val38, Ala51, Tyr101, Leu108, Asp109, Ala148, Leu151, Ala161
7h � 8.9 Asp162 Ile30, Val38, Ala51, Me99, Ala148, Leu151, Ala161
7i � 8.8 Lys32 Ile30, Val38, Ala51, Lys53, Met99, Tyr101, Leu102, Asp109, Ala148, Leu151, Ala161
7j � 8.9 Leu102, Ala148 Ile30, Val38, Met99, Asp109, Ala148, Leu151, Ala161
7k � 8.2 Ile30, Leu102, Asp109, Lys146 Ile30, Val38, Met99, Asp109, Ala148, Leu151, Ala161
7l � 8.8 Lys32, Leu102 Ile30, Val38, Lys53, Met99, Asp109, Ala148, Leu151, Ala161, Asp162
DKI � 8.8 Lys32, Met99, Asp109, Asp162 Ile30, Val38, Ala51, Lys53, Met99, Glu100, Ser106, Asp109, Ala148, Leu151

Figure 1. Docking pose and binding interactions of compound 7b in cavity of MST3.
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2.3. Pharmacokinetics

The pharmacokinetic properties of all compounds 7a–l were
predicted by using SwissADME web server[42] and are tabulated
in Table 2. The octanol/water partition coefficient (Log Pw/o)
values were anticipated in the range of 3.70–4.52, and as per
the essential condition of Lipinski’s rule of five.[43] The molecular

weights of all compounds are �500 g/mol, they can be easily
transported, absorbed, and diffused after administered into the
body.[44] The predicted rotatable bonds were in the range of 8–
9, H-bond acceptors were �10, and H-bond donors were
absent. The topological polar surface (TSPA) of analogous were
in the range of 85.75–131.75; these lower TSPA values indicate
the acceptable range of results. The violations of Lipinski’s rule

Figure 2. Docking pose and binding interactions of compound 7f in cavity of MST3.

Figure 3. Docking pose and binding interactions of DKI in cavity of MST3.
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were zero. The synthetic accessibility score of all analogs was
found to be <10, it confirms that they can be synthesized
easily.[45] The pharmacokinetic evaluation reveal that all mole-
cules have favourable drug-likeness properties and could be
considered as therapeutic agents.

2.4. Cytotoxicity

Based on the docking result we have carried out invitro
anticancer activity of all compounds against human breast
cancer MCF-7 and human lung cancer A-549 cell lines. Tested
their toxicity against normal embryo kidney cells (HEK293). The
MTT assay was employed using Doxorubicin as standard
reference at various concentration (600, 300, 150, 75, 37.5,
18.75 μg/mL) of test compounds were treated. The calculated
IC50 value of compounds (7a–l) presented in Table 3. Interest-
ingly, the p-bromo compound 7b showed best activity against
both cell lines MCF-7 and A-549 with IC50 value of 29.32�1.28
and 21.03�1.22 μM, respectively, in comparison to Doxorubicin
corresponding IC50 value of 28.76�1.18 and 20.82�1.16 μM.
Compounds 7f and 7 l executed good activity against MCF-
7 cell lines with IC50 value of 29.26�1.08 and 29.62�1.09 μM,
respectively. Also, compounds 7d, 7h and 7 l indicated good
activity against the A-549 cell lines with IC50 value of 24.92�
1.61, 24.88�2.12 and 23.08�1.08 μM, respectively. Whereas
the remaining compounds exhibited moderate to poor activity.
The toxicity of the compounds tested against normal HEK-
239 cell lines have not shown any adverse effect. The activity of
these compounds may be attributed to the presence of electron
withdrawing functions such as Cl, OH, OMe, NO2 and COOMe
which makes the molecule electron deficient in turn it binds to
the electron rich site of target protein. Also, the presence of
triazole and phenyl rings enable the π–π stacking and π-T
shaped interactions. Further, the N and O atoms present in
moiety could act as H-bond acceptors.

3. Conclusions

Eventually from our reports clearly observed the potential role
of anti-cancer drugs of the coumarin-1,2,3-triazole derivatives
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Table 3. IC50 value of compounds 7a–l against MCF-7 and A-549 cell lines.

Compound MCF-7 A-549 HEK293

7a 52.82% �1.42 49.06% �1.67 110% �1.07
7b 29.32% �1.28 21.03% �1.22 98% �1.34
7c 38.82% �1.86 36.36% �1.75 103% �1.22
7d 31.02% �1.64 24.92% �1.61 120% �1.06
7e 33.41% �1.37 32.89% �1.57 110% �1.14
7f 29.26% �1.08 22.41% �1.24 97% �1.26
7g 34.12% �1.20 26.06% �1.12 104% �1.08
7h 32.62% �1.03 24.88% �2.12 106% �1.52
7i 53.28% �1.09 47.03% �1.92 160% �1.26
7j 34.31% �1.12 31.10% �1.01 110% �1.41
7k 51.82% �1.45 46.06% �1.87 123% �1.36
7l 29.62% �1.29 23.08% �1.08 97% �1.18
Doxorubicin 28.76% �1.18 20.82�1.16 97% �1.22
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7a–l are play an vital role in the stabilization of protein. The
breast cancer cells and lung cancer cells have shown enhanced
activity, stability and selectivity in the presence of the 7b and
7f coumarin derivatives when compared to reference com-
pound Doxorubicin. Therefore, the compounds 7b and 7f can
be identified as potent anti-cancer activity agents for control-
ling the growth of cancer cell in the human beings. In
continuation, among all the title compounds, compounds 7b
and 7f (highest docking score compounds); 7c, 7h & 7 j (equal
score compounds) exerted significant anti-cancer properties
against select cancer cell lines. Overall, in vitro anti-cancer
studies in combination with the in silico molecular docking
studies exemplifies the significance of rational design and
development of hybrid hetero structures containing active
pharmacophores.

Experimental Section

General experimental methods

Purchased all the chemical material of the organic reagents and
solvents from TCI, Merck Chemical Company, were used without
further purification. The materials are maximum grade level for
synthesis of organic compounds. Compounds 2–6 are prepared as
per the literature procedures.[46–53]

Instrumentation
1H-NMR and 13C-NMR spectra were determined in DMSO by using
500 and 125 MHz spectrometers (Instrument Bruker Avance II
500 MHz). Chemical shift values are displayed as ppm and spin
multiplicities are indicated as singlet (s); doublet (d); doublet of
doublet (dd); triplet (t); multiplets (m); and coupling constants are
shown in hertz. Column chromatography was performed on silica
gel (60–120 mesh) using distilled hexane and ethyl acetate
solvents. Micro analytical (C, H, N) data were obtained with a
FLASH EA 1112 Series CHNS Analyzer. Mass and Infrared spectra
were recorded on Bruker ALPHA II, ECO-ATR. Melting points were
determined in open glass capillary tube on a DbkProg. Melting
Point apparatus and were uncorrected.

General procedure for the preparation of (E)-
7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde oxime
(4)

The synthetic route for the (E)-7-(diethylamino)-2-oxo-2H-chro-
mene-3-carbaldehyde oxime (4) was carried out by taking 7-
(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde (3) as starting
material and it is converted to oxime in presence of hydroxylic
amine hydrochloride methanol and sodium acetate at room
temperature for 1 h.

General procedure for the preparation of (E)-
7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-prop-
2-yn-1-yl oxime (5)

The synthetic route for the (E)-7-(diethylamino)-2-oxo-2H-chro-
mene-3-carbaldehyde O-prop-2-yn-1-yl oxime (5) was carried out
by refluxing the prepared oxime compound (4) as starting
material and propergylic bromide in dry DMF and dry K2CO3 at
room temperature for 3–4 h proporgylation takes place at the

position of free O� H group on oxime to yield (E)-7-(diethylamino)-
2-oxo-2H-chromene-3-carbaldehyde O-prop-2-yn-1-yl oxime (5).
The product formation was monitored by using TLC.

General procedure for the preparation of (E)-
7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-
((substituted-phenyl-1H-1,2,3-triazol-4-yl) methyl) oxime (7a–
l)

Synthesis of (E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbalde-
hyde O-((substituted-phenyl-1H-1,2,3-triazol-4-yl) methyl) oxime
(7a–l) were carried out by using click chemistry reaction of
propargylated compound (5) (0.1 mmol) with different aryl azides
(6a–l) (0.1 mmol) in CuSO4.5H2O with sodium ascorbate and DMF
at room temperature for 6–8 hr. The completion of the reaction
was monitored by TLC. Upon completion of the reaction, pure
compound was isolated by column chromatography using
hexane/ethyl acetate (1 : 3 v/v) with excellent yields 75–82%.

Anticancer activity

Maintenance of cell lines:

Breast cancer and lung cancer cell lines MCF-7, A549 were
purchased from the National Center for Cell sciences (NCCS) Pune.
The cell lines were cultured in DMEM medium, i. e., Dulbecco’s
modified Eagle medium, which were supplemented with 10%
heat inactivated fetal calf serum (FBS) and 1% Antibiotic-
Antimycotic 100X solution and incubated in CO2 incubator
(Eppendorf Brunswick, Galaxy 170R, Germany) maintained at 37 °C,
5% CO2 with 95% humidity until the completion of experiments.

MTT Assay

The breast cancer cell lines and lung cancer cells (A549 &MCF-7)
and normal embryo kidney cells (HEK293) cultured in DMEM
medium, which was supplemented with 10% heat inactivated
fetal calf serum (FBS) and 1% Antibiotic-Antimycotic 100X
solution. The cells were seeded at a density of approximately 5×
103 cells/well in a 96-well flat-bottom micro plate and maintained
at 37 °C in 95% humidity and 5% CO2 for overnight. Different
concentration (600, 300, 150, 75, 37.5, 18.75 μg/mL) of test
compounds were treated. The cells were incubated for another 72
h. The cells in well were washed twice with phosphate buffer
solution, and 20 μL of the MTT staining solution (5 mg/mL in
phosphate buffer solution) was added to each well and plate was
incubated at 37 °C. After 4 h, 100 μL of dimethyl sulfoxide (DMSO)
was added to each well to dissolve the formazan crystals, and
absorbance was recorded with a 570 nm using micro plate reader.
The IC50 values were calculated using graph Pad Prism Version5.1
(Table 2).

Molecular Docking studies

Autodock Vina integrated PyRx tool was employed for docking
simulations.[54–56] The crystal structure of Serine/threonine-protein
kinase 24 (MST3) (PDB ID: 4QMP)[57] were retrieved from Protein
Data Bank (www.rcsb.org). Initially, water molecules and heter-
oatoms of protein were removed and added polar hydrogens. The
ligands were sketched using ChemDraw Professional 16.0 in MDL
file format. Minimized the energies of all ligands after loading into
PyRx and converted to PDBQT file format. The 3D grid box was
configured with dimensions of center_x=26.11139776, center_
y= � 0.934122545682, center_z=70.6270669435, size_x=
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16.3716365317, size_y=20.9680392342 and size z=

23.6855628891, docking simulations were performed after assign-
ing the exhaustiveness value of 8. The docking results were
visualized using Pymol and Biovia Discovery Studio Visualizer.

Spectral data

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
phenyl-1H-1,2,3-triazol-4-yl)methyl) oxime (7a): Yield 80%, m.p.:
163–165 °C; Rf=0.36 (AcOEt:hexane 2 : 3); IR (Vmax, cm� 1): 2927,
1696, 1618, 1514, 1218, 1069. 1H-NMR (500 MHz, (D6)DMSO) δ 8.52
(s, 1H), 7.91 (s, 1H), 7.83 (d, J=7.57, 2H), 7.69 (d, J=8.43, 1H), 7.40
(dd, J=7.57, 7.20, 4H), 7.09 (s, 1H), 6.84 (d, J=8.43, 1H), 4.71 (s,
2H), 3.37 (q, J=7.22, 4H), 1.19 (t, J=7.22, 6.92, 6H). 13C-NMR
(125 MHz, (D6)DMSO) δ 163.8, 156.2, 143.8, 138.5, 137.6, 135.2,
129.1, 127.3, 124.6, 124.1, 120.7, 116.4, 115.1, 110.7, 63.6, 44.5,
12.8. LC/MS m/z: 418.4 [M+H]+ Elemental analysis, Calculated,%:
C23H23N5O3:C, 66.17; H, 5.55; N, 16.78; Found%:C, 66.14; H, 5.50; N,
16.72.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(4-bromophenyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7b): Yield
85%, m.p.: 160–162 °C; Rf=0.43 (AcOEt:hexane 2 : 3); IR (Vmax,
cm� 1): 2969, 1703, 1611, 1518, 1221, 1061. 1H-NMR (500 MHz,
(D6)DMSO) δ 8.95 (s, 1H), 8.23 (d, J=7.60, 2H), 8.11 (d, J=7.60,
4H), 6.75 (d, J=8.43, 2H),6.84 (d, J=8.43, 1H), 5.29 (s, 2H), 3.46 (q,
J=7.22, 4H), 1.4 (t, J=7.22, 6.92, 6H). 13C-NMR (125 MHz,
(D6)DMSO) δ 164.6, 152.9, 151.5, 150.3, 142.8, 141.8, 133.7, 133.6,
128.7, 120.9, 119.9, 119.8, 113.2, 109.2, 99.0, 63.7, 44.2, 12.4. LC/MS
m/z: 497.3 [M+H]+ Elemental analysis, Calculated,%:C23H22BrN5O3:
C, 55.66; H, 4.47; N, 14.11; Found%:C, 55.62; H, 4.42; N, 14.07.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(2-chlorophenyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7c): Yield
79%, m.p.: 161–163 °C; Rf=0.43 (AcOEt:hexane 2 : 3); IR (Vmax,
cm� 1): 2976, 1695, 1611, 1520, 1228, 1061. 1H-NMR (500 MHz,
(D6)DMSO) δ 8.56 (s, 1H), 8.23 (s, 1H), 7.86 (s, 1H), 7.72 (d, J=7.52,
2H), 7.42 (dd, J=7.57, 7.49, 3H), 6.87 (s, 1H), 6.80 (dd, J=7.51,
7.50, 1H), 5.31 (s, 2H), 3.50 (q, J=7.22, 4H), 1.18 (t, J=7.22, 6.92,
6H).13C-NMR (125 MHz, (D6)DMSO) δ 164.6, 152.9, 151.5, 142.8,
141.6, 134.4, 130.5, 128.7, 128.5, 128.0, 121.1, 119.8, 119.3, 111.3,
109.2, 98.9, 63.9, 44.2, 12.4. LC/MS m/z: 452.2[M+H]+ Elemental
analysis, Calculated,%:C23H22ClN5O3:C, 61.13; H, 4.91; N, 15.50;
Found%:C, 61.09; H, 4.87; N, 15.45.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(4-chlorophenyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7d): Yield
82%, m.p.: 164–166 °C; Rf=0.41 (AcOEt:hexane 2 : 3); IR (Vmax,
cm� 1): 2976, 1695, 1611, 1520, 1229, 1061. 1H-NMR (500 MHz,
(D6)DMSO) δ 8.94 (s, 1H), 8.23 (d, J=7.52, 2H), 7.96 (d, J=7.51,
2H), 7.61 (d, J=7.52, 3H), 6.75 (s, 1H), 6.56 (s, 1H), 5.31 (s, 2H), 3.34
(q, J=7.22, 4H), 1.14(t, J=7.22, 6.92, 6H).13C-NMR (125 MHz,
(D6)DMSO) δ 164.6, 152.9, 151.5, 150.2, 142.8, 141.6, 133.1, 132.9,
129.9, 128.7, 121.5, 119.9, 119.8, 111.3, 109.2, 98.9, 63.6, 44.2, 12.4.
LC/MS m/z: 452.2[M+H]+ Elemental analysis, Calculated,%:
C23H22ClN5O3:C, 61.13; H, 4.91; N, 15.50; Found%:C, 61.09; H, 4.87;
N, 15.45.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(4-hydroxyphenyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7e): Yield
75%, m.p.: 156–158 °C; Rf=0.32 (AcOEt:hexane 2 : 3); IR (Vmax,
cm� 1): 3320, 2973, 1695, 1611, 1520, 1229, 1061. 1H-NMR
(500 MHz, (D6)DMSO) δ 9.58 (s, 1H), 8.52 (s, 1H), 7.94 (s, 1H), 7.63
(d, J=8.43, 1H), 7.59 (d, J=8.43, 2H), 7.38 (s, 1H), 7.09 (s, 1H), 6.85
(d, J=8.43, 2H), 6.84 (d, J=8.43, 1H), 4.86 (s, 2H), 3.37 (q, J=7.22,
4H), 1.19 (t, J=7.22, 6.92, 6H). 13C-NMR (125 MHz, (D6)DMSO) δ
163.8, 157.3, 156.0, 143.8, 138.5, 137.6, 135.2, 126.8, 124.6, 124.3,
120.7, 116.4, 115.2, 115.1, 110.1, 63.6, 54.9, 12.8. LC/MS m/z: 434.3

[M+H]+ Elemental analysis, Calculated,%:C23H23N5O4: C, 63.73; H,
5.35; N, 16.16; Found%:C, 63.69; H, 5.28; N, 16.12.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(2-methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7f): Yield
82%, m.p.: 143–145 °C; Rf=0.40 (AcOEt:hexane 2 : 3); IR (Vmax,
cm� 1): 2971, 1699, 1600, 1516, 1247, 1029. 1H-NMR (500 MHz,
(D6)DMSO) δ 8.50 (s, 1H), 8.23 (s, 1H), 7.86 (s, 1H), 7.72 (d, J=7.50,
2H), 7.25 (dd, J=7.49, 7.51, 2H), 7.02 (d, J=7.49, 1H), 6.87 (s, 1H),
6.80 (d, J=7.53, 1H), 5.31 (s, 2H), 3.80 (s, 3H), 3.50 (q, J=7.22, 4H),
1.18 (t, J=7.22, 6.92, 6H).13C-NMR (125 MHz, (D6)DMSO) δ 164.7,
154.0, 152.9, 151.9, 150.2, 142.8, 128.7, 128.1, 127.5, 123.4, 121.9,
119.8, 118.4, 114.7, 111.3, 109.2, 98.9, 98.9, 63.9, 55.7, 44.2, 12.4.
LC/MS m/z: 448.3 [M+H]+ Elemental analysis, Calculated,%:
C24H25N5O4:C, 64.42; H, 5.63; N, 15.65; Found%:C, 64.38; H, 5.59; N,
15.62.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(4-methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7g):
Yield 84%, m.p.: 144–146 °C; Rf=0.42 (AcOEt:hexane 2 : 3); IR (Vmax,
cm� 1): 2968, 1699, 1600, 1516, 1247, 1029. 1H-NMR (500 MHz,
(D6)DMSO) δ 8.62 (s, 1H), 8.23 (s, 1H), 7.86 (s, 1H), 7.72 (d, J=7.50,
1H), 7.62 (d, J=7.50, 2H), 7.09 (d, J=7.51, 2H), 6.87 (s, 1H), 6.80 (d,
J=7.49, 1H), 5.29 (s, 2H), 3.81 (s, 3H), 3.50 (q, J=7.22, 4H) 1.17 (t,
J=7.22, 6.92, 6H).13C-NMR (125 MHz, (D6)DMSO) δ 164.7, 158.4,
152.9, 151.5, 150.2, 142.8, 141.6, 129.0, 128.7, 120.9, 119.9, 119.8,
116.3, 111.3, 109.2, 98.9, 63.6, 55.4, 44.2, 12.4. LC/MS m/z: 448.2 [M
+H]+ Elemental analysis, Calculated,%:C24H25N5O4:C, 64.42; H,
5.63; N, 15.65; Found%:C, 64.38; H, 5.59; N, 15.62.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(o–tolyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7h): Yield 78%,
m.p.: 142–144 °C; Rf=0.42 (AcOEt:hexane 2 : 3); IR (Vmax, cm� 1):
2969, 1693, 1604, 1516, 1247, 1030. 1H-NMR (500 MHz, (D6)DMSO)
δ 8.57 (s, 1H), 8.23 (s, 1H), 7.86 (s, 1H), 7.72 (d, J=7.51, 1H), 7.64 (d,
J=7.49, 1H), 7.35 (dd, J=7.52, 7.49, 3H), 6.87 (s, 1H), 6.80 (d, J=

7.49, 1H), 5.28 (s, 2H), 3.50 (q, J=7.22, 4H), 2.27 (s, 3H), 1.17 (t, J=

7.22, 6.92, 6H).13C-NMR (125 MHz, (D6)DMSO) δ 164.6, 152.9, 151.5,
149.7, 142.8, 142.2, 135.4, 130.3, 130.2, 128.8, 127.5, 127.3, 120.3,
119.8, 118.4, 113.3, 109.2, 98.9, 63.9, 44.2, 17.3, 12.4. LC/MS m/z:
432.2[M+H]+ Elemental analysis, Calculated,%:C24H25N5O3:C,
66.81; H, 5.84; N, 16.25; Found%:C, 66.78; H, 5.81; N, 16.21.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(p–tolyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7i): Yield 80%, m.p.:
140–1138 °C; Rf=0.41 (AcOEt:hexane 2 : 3); IR (Vmax, cm

� 1): 2973,
1701, 1600, 1517, 1249, 1025. 1H-NMR (500 MHz, (D6)DMSO) δ 8.62
(s, 1H), 8.23 (s, 1H), 7.86 (s, 1H), 7.72 (d, J=7.51, 1H), 7.57 (d, J=

7.49, 2H), 7.33 (d, J=7.50, 2H), 6.87 (s, 1H), 6.80 (d, J=7.51, 1H),
5.28 (s, 2H), 3.50 (q, J=7.22, 4H), 2.36 (s, 3H), 1.18 (t, J=7.21, 6.90,
6H).13C-NMR (125 MHz, (D6)DMSO) δ 164.6, 152.9, 151.5, 149.7,
142.8, 141.6, 137.7, 132.7, 130.1, 128.8, 119.9, 119.8, 119.2, 111.3,
109.2, 98.9, 63.6, 44.2, 21.2, 12.4. LC/MS m/z: 432.2 [M+H]+

Elemental analysis, Calculated,%:C24H25N5O3:C, 66.81; H, 5.84; N,
16.25; Found%:C, 66.78; H, 5.81; N, 16.21.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(3-acetylphenyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7j): Yield
82%, m.p.: 161–163 °C; Rf=0.40 (AcOEt:hexane 2 : 3); IR (Vmax,
cm� 1): 2971, 1700, 1604, 1516, 1251, 1020. 1H-NMR (500 MHz,
(D6)DMSO) δ 8.56 (s, 1H), 8.31 (s, 1H), 8.23 (s, 1H), 7.88 (d, J=7.49,
2H), 7.76 (d, J=7.51, 2H), 7.60 (dd, J=7.51, 7.50, 1H), 6.87 (s, 1H),
6.81 (d, J=7.51, 1H), 5.29 (s, 2H), 3.50 (q, J=7.22, 4H), 2.56 (s, 3H),
1.15(t, J=7.20, 6.91, 6H). 13C-NMR (125 MHz, (D6)DMSO) δ 197.2,
165.0, 152.9, 151.5, 150.2, 142.9, 141.7, 136.3, 135.1, 129.7, 128.6,
127.3, 121.7, 120.7, 119.8, 118.0, 111.3, 109.2, 38.9, 63.6, 44.2, 26.7,
12.4. LC/MS m/z: 460.3 [M+H]+ Elemental analysis, Calculated,%:
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C25H25N5O4:C, 65.35; H, 5.48; N, 15.24; Found%:C, 65.30; H, 5.44; N,
15.19.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(4-acetylphenyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7k): Yield
85%, m.p.: 165–167 °C; Rf=0.40 (AcOEt:hexane 2 : 3); IR (Vmax,
cm� 1): 2973, 1704, 1604, 1521, 1251, 1038. 1H-NMR (500 MHz,
(D6)DMSO) δ 9.06 (s, 1H), 8.26 (s, 1H), 8.18 (s, 2H), 8.08 (s, 3H), 7.61
(s, 1H), 6.78 (s, 1H), 6.56 (s, 1H), 5.31 (s, 2H), 3.46 (q, J=7.22, 4H),
2.61 (s, 3H), 1.18(t, J=7.22, 6.92, 6H). 13C-NMR (125 MHz,
(D6)DMSO) δ 196.8, 165.0, 152.9, 151.5, 150.2, 142.9, 141.6, 137.8,
136.1, 130.0, 128.6, 119.9, 119.8, 118.6, 111.3, 109.2, 98.9, 63.6,
44.2, 26.4, 12.4. LC/MS m/z: 460.3 [M+H]+ Elemental analysis,
Calculated,%:C25H25N5O4:C, 65.35; H, 5.48; N, 15.24; Found%:C,
65.30; H, 5.44; N, 15.19.

(E)-7-(diethylamino)-2-oxo-2H-chromene-3-carbaldehyde O-((1-
(4-nitrophenyl)-1H-1,2,3-triazol-4-yl)methyl) oxime (7l): Yield
82%, m.p.: 171–173 °C; Rf=0.36 (AcOEt:hexane 2 : 3); IR (Vmax,
cm� 1): 2973, 1706, 1604, 1520, 1251, 1038. 1H-NMR (500 MHz,
(D6)DMSO) δ 9.13 (s, 1H) 8.47 (d, J=7.50, 2H), 8.27 (m, 3H), 8.12 (s,
1H), 7.56 (s, 1H), 6.76 (s, 1H), 6.56 (s, 1H), 5.32 (s, 2H), 3.46 (q, J=

7.22, 4H), 1.18(t, J=7.22, 6.92, 6H). 13C-NMR (125 MHz, (D6)DMSO)
δ 165.0, 152.9, 151.9, 150.2, 146.4, 142.9, 141.5, 139.9, 128.6, 126.0,
120.8, 119.9, 119.8, 111.3, 109.2, 98.9, 63.6, 44.2, 12.4. LC/MS m/z:
463.2 [M+H]+ Elemental analysis, Calculated,%:C23H22N6O5:C,
59.73; H, 4.80; N, 18.17; Found%:C, 59.69; H, 4.75; N, 18.13.
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