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Abstract :-

The present study focuses on the design, synthesis, and characterization of a series of benzofuran-based chalcone derivatives aimed at
exploring their potential as anticancer agents. Benzofuran derivative are known for their diverse pharmacological properties, and their
hybridization with chalcone moieties offers a promising strategy for enhancing biological activity.

A library of benzofuran chalcones was synthesized via Claisen—Schmidt condensation, and their structures were confirmed using
spectroscopic techniques including FTIR, NMR, and mass spectrometry. To gain insights into their molecular interactions, in silico molecular
docking studies were performed against key cancer-related targets such as tubulin, , revealing favorable binding affinities and interaction
profiles that support their potential mechanism of action.

The compounds 5a, 5b and 5c¢ were dock with the two major taget proteins. The PDB id of LIMOX (lung cancer) and 2DSQ (breast epithelian
cancer) were selected and obtained from protein data bank (PDB). were selected for INSILICO study

Furthermore, the synthesized compounds were subjected to in vitro anticancer screening using MTT assays against selected human cancer
cell lines including, Liver cancer (HepG2) and Breast cancer (MCF-7) . Several derivatives exhibited significant cytotoxicity, with values in
the low micromolar range, indicating promising anticancer potential.

This integrated approach combining synthetic chemistry, computational modeling, and biological evaluation underscores the therapeutic
relevance of benzofuran chalcones and lays the groundwork for further optimization and development of potent anticancer agents.
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INTRODUCTION:-
Cancer isone ofthe leading causes of death worldwide, accounting for death of 82 lakh people inthe year 2012. Top three death-causing cancers
are lung cancer, liver cancer, and stomach cancer which killed 15.9 lakh, 7.45 lakh, and 7.23 lakh people, respectively, in the same year. On
gender-wise, lung cancer is the leading cause of deaths in males while breast cancer in females, killing 10 lakh males and

5.21 lakh females in single year, respectively

In India, 6.82 lakh people died because of various types of cancer during the same period, of which 48,697 males and 70,218 females died
because of lung cancer and breast cancer, respectively. [ Therefore, one can say that worldwide, lung cancer and breast cancer are the
leading cause of cancer-related deaths in males and females, respectively. Worldwide, lung cancer is the foremost cause of cancer- related
deaths, whereas in India, breast cancer is the topmost cause.

Higher incidence of lung cancer can be accrued to increased air pollution or smoking while the reasons for higher incidence of breast cancer
in India are late diagnosis due mainly to lack of awareness on early detection, barriers to health services or change in lifestyle such as obesity,
late pregnancy, hormone replacement therapy, and lower lifetime duration of breastfeeding.

Cancer, also known as malignant tumor or neoplasm, is a broad term used for a large collection of diseases that can affect any organ or tissue
of the body. One of the defining features of cancer is the rapid generation of undifferentiated cells that grow outside their natural
boundaries, and which can also invade adjacent or distant tissues or organs of the body (metastasis).

Normally, when cells become old or damaged, they undergo programmed cell death,

i.e. apoptosis and new cells replace them to fulfill the need of the body. Whereas in cancer case, this orderly process is

disrupted and as the cells become old or damaged, instead of dying, they survive. These cells can divide into less specialized cells
(tumor) and are able to ignore the signals which stop division or by which apoptosis is started in normal cells.

Depending on the potential clinical behavior, a tumor can be divided into two categories: Benign and malignant. Benign tumor, termed by
attaching the suffix "- oma" to the type of cells in which the tumor arises, for example, fiboroma, adenoma,and papilloma, will remain localized
and the patient generally survives to local surgical procedures. Malignant tumors of solid mesenchymal tissues are called sarcomas; for
example, cancer of fibrous tissue is known as fibrosarcoma while those ascending from the mesenchymal cells of the blood are leukemias
or lymphomas. However, malignant tumors of epithelial cells are termed as carcinomas irrespective of the origin of tissue (as the epithelial
cells are originated from three germ cell layers).

Therefore, malignant tumors arising in the renal tubular epithelium (mesoderm), skin (ectoderm), and lining epithelium of the gut (endoderm)
are all carcinomas. Carcinomas are

subdivided further. Carcinomas with glandular pattern, squamous cells, and undifferentiated cells are called adenocarcinomas, squamous
cell carcinomas, and undifferentiated carcinoma, respectively

As cancer was primarily considered a disease of uncontrolled cell division, by measuring the regression in tumor size, identification of a
cytotoxic or an antiproliferative compound was considered as the main objective endpoint of efficacy of a compound in preclinical and
clinical anticancer drug development for decades. For rapid screening of new anticancer compounds, murine models of rapidly growing
cancer were developed, for example, sarcoma 180, carcinoma 755, and L1210 mouse leukemia model which were later replaced by the P388
murine leukemia model.
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Several clinically important anticancer agents such as methotrexate, actinomycin D, 6-marcaptopurine, 5-fluorouracil were identified using
these murine models; however, successes were achieved mainly in the cases of rapidly growing cancers, e.g. lymphomas, childhood
leukemia, and germline tumors while relatively limited successes were seen in the treatment of the slow-growing common solid tumors of the
adults, e.g. lung, breast, and colorectal cancers.

Cancer is one of the most important clinical problems worldwide. Among the wide range of compounds approved as potential anticancer
agents, derivatives with functionalities as «, S-unsaturated Michael acceptor have attracted great interest

Previous reported studies have proposed that anticancer compounds such as alkylating agents bind directly to various cellular
nucleophiles, thus lacking

selectivity. However, Michael acceptors can be structurally modified so that they can react selectively with target nucleophiles
Breast cancer is one of the leading causes of death in females in both developing and developed countries globally

Among the common chemotherapeutic agents currently used in the treatment of metastatic breast cancer are the antimitotic drugs, which bind
primarily to tubulin .

Need of the study

Cancer remains one of the leading causes of mortality worldwide, with current treatment options often limited by drug resistance, toxicity,
and lack of specificity. The urgent demand for novel, effective, and safer anticancer agents has driven researchers to explore new molecular
scaffolds with potent biological activity.Benzofuran-based compounds have emerged as promising candidates in medicinal chemistry due
to their diverse pharmacological properties, including anti-inflammatory, antimicrobial, and anticancer effects. Chalcones, on the other
hand, are well-known for their cytotoxic potential and ability to interfere with key cellular pathways involved in tumor progression.By
hybridizing the benzofuran nucleus with the chalcone framework, this study aims to:

This integrated approach not only contributes to the discovery of new anticancer agents but also enhances our understanding of structure-
activity relationships (SAR) within benzofuran chalcone hybrids. The study could pave the way for future drug development efforts focused

on targeted cancer therapy with improved efficacy and reduced side effects. Mechanism of anti-cancer drugs

Folic Acid
Tetrahwydrofolic Acid

FPurines Pyrimidines
guanine adenine thymine uracil

Mucleotides

Cell Mitosis

Benzofuran is a heterocyclic compound consisting of fused benzene and furan ring . This colorless liquid is a component of coal tar.
Benzofuran is the “parent” of many related compounds with more complex structures. These heterocyclic compounds show a wide range of
pharmacological properties, and change of their structure offers a high degree of diversity that has proven useful for the search of new
therapeutic agents. The broad spectrum of pharmacological activity in individual benzofuran indicates that this series of compounds is of an
undoubted interest. From this point of view, synthetic methods may be of very useful aid in the production of specific structures characterized
by given pharmacological qualities.
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Moreover from a drug discovery perspective, synthesis of substituted benzofurans could be more interesting because they might constitute
starting materials for the production of biologically active compounds. A diversity of synthetic routes can be applied to the synthesis of
benzofurans. A convenient metal- free cyclization of ortho-hydroxystilbenes into 2-arylbenzofurans and 2- arylnaphthofurans is mediated by
hypervalent iodine reagents.

Using stoichiometric (diacetoxyiodo) benzene in acetonitrile, desired products can be isolated in good yields.

A one-pot synthesis of benzofurans which utilizes a palladium-catalyzed enolate arylation demonstrates broad substrate scope and provides
differentially substituted benzofurans in moderate yields. The utility of the method is further demonstrated by the synthesis of the natural
product eupomatenoid in three steps.

Substituted benzofurans can be synthesized from their corresponding substituted 1- allyl-2-allyloxybenzenes using ruthenium-catalyzed C-
and O-allyl isomerization followed by ring-closing metathesis.

An effective, Ru-catalyzed cycloisomerization of benzannulated homo- and bis homopropargylic alcohols affords benzofurans and
isochromenes chemo- and regioselectively (5-, and 6-endo cyclizations). The presence of an amine/ammonium baseeacid pair is crucial for
the catalytic cycle .

An effective and mild microwaveassisted route to 2-substituted benzofurans directly from carboxylic acids allows the preparation of a-alkyl-
2- benzofuranmethanamines from N- protected a-amino acids without racemization in good yields. 2,3-Disubstituted benzo [b]furans are
readily prepared under very mild reaction conditions by the Sonogashira

coupling of various O-iodoanisoles and terminal alkynes, followed by an electrophilic cyclization. Aryl- and vinylic substituted alkynes
give cyclization products in excellent yields

CHALCONE

Flavonoids comprise a large family of plant derived poly phenolic compounds classified as anthocyanidins, flavonols, chalcones,
flavones, isoflavones. Chalcones animportant intermediate of flavonoid synthetic pathway, has been shown to exhibit diverse biological and
pharmacological activities.

Chalcones are unsaturated ketone containing the reactive keto ethylenic group —CO CH=CH. These are coloured compounds because of the
presence of chromophore.

Chalcones are also called as benzalacetophenone or benzylidine acetophenone or phenyl styryl ketone.

Chalcones with antioxidant activity (and compounds with such activity in general) have been demonstrated to have anticancer, anti-
cardiovascular, anti- inflammatory and many other activities.
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Scheme 1. Synthetic routes for benzofuran derivatives.
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Claisen-schmidt Reaction:

This is the most convenient method for synthesis of chalcones. in this reaction equimolar
quantities of substituted accetophenone condensed with substituted aldehydes in the presence of aqueous
alcoholic alkali.

The condensation of aromatic aldehydes having no -hydrogen, with aliphatic aldehydes, ketones or
esters, having active hydrogen, in the presence of 10% alkali solution to give - unsaturated aldehydes or ketones

is known as claisen schmidt reaction.

O+ XD

CH,

NaOH

O— <

MOLECULAR SYNTHESIS:

COMPOUND-5 (a—€)

Step 1:

Synthesis of 1-(1-benzofuran-2-yl)ethanone:

A mixture of salicylaldehyde (1g, 4.97mmol) and potassium carbonate (0.69 g, 4.97mmol) in dry acetone (10 mL) was stirred at

25°C for 1 hour. Reaction mixture was cooled at 0-5°C, and then chloroacetone (4 mL, 4.97mmol) was added dropwise.
Reaction mixture was stirred at room temperature for ten minutes and then refluxed. Progress of the reaction was monitored
by TLC. Upon completion, the reaction mixture was poured on crashed ice. The precipitated solid was filtered, washed with
water, and dried. The product was crystallized from ethanol[23]

Step 2:

Procedure for Synthesis of Chalcone derivative Hybrid (5a -e) Claisen—Schmidt condensation:

A solution of 1-(1-benzofuran-2-yl)ethanone (1 g, 4.18mmol) and Benzaldehyde (4.18mmol) in MeOH (10 mL) was cooled at

0-5°C and then 6mL of aqueous NaOH (1 mol/L) was added to this solution and stirred at room temperature for 3 hours. The
reaction mixture was poured on crushed ice. The precipitated solid was filtered after neutralization with diluted HCI and was
washed several times with water and then dried. The product was recrystallized from ethanol.[23]
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SCHEME OF SYNTHESIS

Aromatic aldehyde

O NaCOs 25°C For 1 hours then 0-5°C O
N__
-
OH cl o O CHj
// 1-(1-b f -2-ylheth
2-hydroxybenzaldehyde (1-benzofuran-2-yljethanone
CHj

1- chloropropan-2-one
(1) (2) 3)

STEP-2:

O CH30OH at 0-5°C

/
//+ h

CHy
Ag.NaOH Stirred for 3 hours
R2

R1
R1
1-(1-benzofuran-2-yl)ethanone Aromatic aldehyde
TABLE OF SUBSTITUTIONS: R

COMPOUND R1 R2
3a H H
3b H T
3c H OCHjs
3d H NO;
3e CHs OH
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Result And Discussion
Bioactive score by molinspiration

» Compound 5a:

LFie

Molinspiration property engine v2018.10

miLogP 4.38
TPSA 30.21
natoms 19

MW 248.28
nON 2
nOHNH 0
nviolations 0
nrotb 3
volume 227.41

Molinspiration biocactivity score v2018.03
GPCR ligand -0.37

Ion channel modulator -0.34
Kinase inhibitor =
0.60 Nuclear receptor ligand -
0.40 Protease inhibitor -
0.39

Enzyme inhibitor -0.07
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Compound 5b:

LHie

Molinspiration property engine v2018.10

miLogP 5.05
TPSA 30.21
natoms 20

MW 282.73
nON 2
nOHNH 0
nviolations 18
nrotb 3
volume 240.95

Molinspiration biocactivity score v2018.03
GPCR ligand -0.31

Ion channel modulator -0.33
Kinase inhibitor -
0.55 Nuclear receptor ligand -
0.36 Protease inhibitor =
0.37

Enzyme inhibitor -0.10
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Compound 5c:

JHie

Molinspiration property engine v2018.10

miLogP 4.43
TPSA 39.45
natoms 21

MW 278.31
nON 3
nOHNH 0
nviolations 0
nrotb 4
volume 252.96

Molinspiration biocactivity score v2018.03
GPCR ligand -0.32

Ion channel modulator -0.40
Kinase inhibitor -
0.52 Nuclear receptor ligand -
0.29 Protease inhibitor =
0.33

Enzyme inhibitor
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Compound 5d:

Molinspiration property engine v2018.10

miLogP 4.33
TPSA 76.03
natoms 22

MW 293.28
nON 5
nOHNH 0
nviolations 0
nrotb 4
volume 250.75

Molinspiration biocactivity score v2018.03
GPCR ligand -0.40

Ion channel modulator -0.36
Kinase inhibitor -
0.59 Nuclear receptor ligand -
0.36 Protease inhibitor =
0.39

Enzyme inhibitor -0.19
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Compound 5e:

~O)
O

HO

LFie

Molinspiration property engine v2018.10

miLogP 3.71
TPSA 59.67
natoms 22

MW 294 .31
nON 4
nOHNH 1y
nviolations 0
nrotb 4
volume 260.98

Molinspiration bioactivity score v2018.03
GPCR ligand -0.25

Ion channel modulator -0.35
Kinase inhibitor —
0.43 Nuclear receptor ligand -
0.20 Protease inhibitor -
0.32

Enzyme inhibitor -0.05

ANALYTICAL TECHNIQUES
Thin Layer chromatography(TLC)

TLC analysis was carried out on commercially available silica gel plates of 0.5mm of thickness, as stationary phase. Petroleum
ether:Ethyl acetate (1:1) mobile phase.

Instrumentation

The analytical instruments such as IR spectra, IHNMR, MASS spectra were used for the characterization of synthesized compounds.

Infrared Spectra

The IR spectra of synthesized compounds K1-K10 were recorded by FTIR (Shimadzu IR affinityl) in the range of 4000-
450cm-1.
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Nuclear Magnetic Resonance

The bruker Avance 11 400 NMR spectrometer is used to measure the chemical shift and reported in parts per million (3
ppm).

Mass spectroscopy

The molecular ion peaks are recorded by Mass spectroscopy and reported in m/z ratio.

PHYCIAL CHARACTERISTICS OF SYNTHESISED COMPOUND:

TABLE 2: PHYCIAL CHARACTERISTICS OF SYNTHESISED COMPOUND:

COMPOUND MFOO"FEI\CAB'['XR NATURE SOLUBLE IN % YIELD
52 CurH120; Brown solid Chiororors 74
5b C17HuCIO2 Brown solid Chgli/loggm, 76
5¢c CigH1403 Brown solid Chgﬁggm, 72
5d C17H11NO4 Brown solid Chgﬂoggm, 69
5e C1gH1404 Brown solid Chg’m ;c();m, 65

TABLES3 : PHYCIAL CHARACTERISTICS OF SYNTHESISED COMPOUND:

COMPOUND MELTING POINT (°C) Rf VALUE
5a 146 0.45
5b 149 0.48
5C 154 0.43
5d 138 0.52
o5e 144 0.44

17. ELEMENTAL COMPOSITION OF COMPOUNDS

TABLE4: ELEMENTAL COMPOSITION OF COMPOUND

Elemental composition in percentage (%)
COMPOUND c v 0 N Cl
5a 82.24 4.87 12.89 - -
5b 72.22 3.92 12.54 - 11.32
5¢c 77.68 5.07 17.25 - -
5d 69.62 3.78 21.82 4,78 -
5e 73.46 4.79 21.75 - -
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RESULTS OF MOLECULAR DESIGN

Lipinski properties of Synthesised compounds TABLE6:
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COMPOUND | MOLECULAR | LOGP H-BOND H-BOND MOLAR
WEIGHT DONAR ACCEPTOR | REFRACTIVITY

5a 250.29 3.62 0 2 77.25

5b 282.72 3.62 0 2 82.14

5C 278.30 3.95 0 3 83.92

5d 293.27 3.58 0 4 83.79

oe 294.30 3.58 0 4 85.81

IR Data of Synthesised Compound

(Compound 5a-5e)

Compound Vibration mode Observed frequency
5a Aromatic C-H 3049
C=0 1566
C=C 1647
5b Aromatic C-H 3057
C=0 1658
Cc=C 1652
C-Cl 835
5¢c Aromatic C-H 3047
C=0 1577
Cc=C 1650
5d Aromatic C-H 3062
C=0 1566
Cc=C 1658
C-NO 617
5e Aromatic C-H 2972
Aliphatic C-H 1658
C=0 1604
C-OH 3400

COMPOUND-5a
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COMPOUND-5e
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TABLE7: 1IHNMR of Synthesised Compound (5a-5¢)

Compound Chemical shift value Proton nature
7.79-7.76 1H
7.54 2H
7.48 1H
7.38 4H
2 7.27 1H
7.25 1H
7.24-7.17 1H
6-8 1H
8.19-8.16 1H
7.67 1H
7.52-7.5 3H
5b 7.48-7.41 3H
7.24 1H
7.16 1H
6.84-6.81 1H
7.75-7.72 1H
7.53 2H
7.51-7.48 1H
7.46 1H
5¢c 7.38 1H
7.27 1H
7.18 1H
7.02-7.0 2H
6.81-6.78 1H
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8.31-8.28 3H
7.84-7.82 2H
7.76 1H
7.50 1H
7.48 1H
7.25 1H
7.18 1H
7.11-7.07 1H
8.28-8.25 1H
7.61 1H
741 1H
7.35 1H
5e 7.33 1H
6.81 1H
6.79 1H
7.78 2H
6.63 1H

5d
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Compound-5b
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Mass spectra of synthesised compounds:Table8 : Mass

spectra of synthesised compounds

COMPOUND MOLECULAR ION PEAK

5a 248

5b 282

5C 278

5d 293

o5e 294
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Table:10- PERCENTAGE CELL INHIBITION OF DIFFERENT CONCENTRATION OF COMPOUND

5a
COMPOUND | CELLLINE | CONC (ug/ml) % Cell ICso (ug/ml)

Inhibition

5 96.05+6.0

10 92.11+1.17

20 82.0145.6

40 67.74+1.91

HepG?2 60 61.48+6.7 88.23

80 50.00+2.2

100 4187413

150 35.6146.3

5a 200 33.64+75
5 94.02+6.2

10 84.8+7.91

20 76.99+3.44

40 51.74+1.7

MCF-7 60 41.16+2.62 53.39

80 29.35+6.69

100 23.88+4.03

150 20.02+4.16

200 8.50+3.94

Table:11- PERCENTAGE CELL INHIBITION OF DIFFERENT CONCENTRATION OF COMPOUND

5h
COMPOUND | CELLLINE | CONC (ug/ml) % Cell 1Cso (Hg/ml)

Inhibition

5 99.45+5 50

10 90.71%2.40

20 80.46+4.12

40 63.52+2.49

HepG?2 60 56.01+1.93 90.76

80 46.721.78

100 42.48+3.28

150 39.48+2 87

5h 200 32.78+2.86
5 96.98+1.08

10 94.57+2.96

20 83.23+3.87

40 56.82+4.27

MCF-7 60 40.26+3.68 56.41

80 24.69+5.12

100 19.27+3.25

150 16.16+3.35

200 12.95+3.18
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With Breast epithelian cancer-2DSQ

compound Target protein Binding energy
5a 2DSQ -10.63

5b 2DSQ -7.14

5c 2DSQ -6.83

TABLE 16

With Lung cancer-1IMOX

compound Target protein Binding energy
5a 1IMOX -6.13

5b 1MOX -10.74

5C 1MOX -4.11

Binding of Compound 5a with 2DSQ

Binding of Compound 5b with 2DSQ
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Discussion :

> The molecules were designed by the software tools and the lead molecules of Benzofuran-chalcone were synthesized by
CLAISEN- SCHMIDT REACTION”

» The formation of molecules was confirmed by TLC.
» The structure of synthesized compounds (5a-e) were confirmed by FT- IR, 1IHNMR, MASS

Spectroscopy.

» The IR data’s showed relavant peaks for C=C, C-H, C=N, C=0 groups. The IHNMR also showed
relavant proton peaks for all synthesized compounds. The MASS spectrum confirm the molecular ion
peak of all synthesized compounds (5a-e).

» The synthesized compounds (5a-e) were evaluated invitro anti-cancer activity of Liver cancer (HepG2)
and Breast cancer (MCF-7) two cell lines by using MTT Assay

> Invitro anticancer activity reported the synthesised compounds 5a and

5b were potent activity against breast cancer cells (MCF-7)

»  And the synthesised compounds 5c¢ and 5d were significant activity against Liver cells(HepG2)

» Based on results of invitro anticancer activity additionally predict insilico molecular docking study
for having the major potent compounds 5a, 5b and 5c.

» The compounds 5a, 5b and 5¢ were dock with the two major taget proteins. The PDB id of IMOX
(lung cancer) and 2DSQ (breast epithelian cancer) were selected and obtained from protein data bank
(PDB). were selected for INSILICO study

> Inthe post docking screening the best binding pose and total energy of each ligand was analysed. The
details of best binding pose and total energy values were saved in output folder.

» Protein-ligand binding site was analysed and visualized. Its results majorly compounds 5a and 5b are
the best binding pose with targets.
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