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ABSTRACT
Introduction: Breast cancer is women's most prevalent cancer type. The development of
chemotherapy drug resistance and adverse effects is a significant barrier to breast cancer treat-
ment. Recently, the focus of drug discovery has increased toward a valuable structure known as
chalcones due to their extensive bioactivity in cancer treatment. Methods: The molecular dock-
ing studies were conducted using the Discovery Studio (DSv4.5) andMG. Tools installed inWindow
10. The cancer receptor (3ERT) was downloaded from the protein data bank (PDB). All new com-
pounds were characterized by IR, 1H-NMR, 13C-NMR, 2D-NMR, and CHN elemental analysis. Re-
sults: A bis-chalcones (1-13) were prepared by the reaction of terephthalaldehyde with 3-acetyl-
2,5-dichlorothiophene or 3-acetyl- 5-chlorothiophene and reaction cyclo ketone derivatives with
phenyl aldehyde derivatives in good yields. All the synthesized bis chalcone derivatives have been
characterized using ATR-FTIR, NMR (1D and 2D). The cytotoxicity activity of all these chalcone com-
pounds was investigated against breast cancer cell line (MCF-7). The results showed that com-
pound 6 showedmore potent activity in inhibiting growth on both types of MCF-7 IC50 (4.4± 0.10
µM) compared to reference tamoxifen IC50 (17.9± 1.2 µM). Conclusion: The cytotoxic activity of
all the synthesized compounds was evaluated against MCF-7 breast cancer cell lines. Compounds
5 and 6were found to have IC50 values of about 20 µM. These compounds are good candidates to
be selected for further studies to develop anticancer drugs. The structure-activity relationships
study showed that bis-chalcone compounds with substituted chlorine and flurine atom at the
ortho-chlorine and para-flurine position of their aromatic rings exhibited greater cytotoxic activ-
ity against MCF-7 cell line compared to other compounds. Moreover, in the cytotoxic activity test
towards MCF-7 breast cancer cells, bis-chalcones derivatives from cyclohexane, 1-ethylpiperidin-4-
one were found to be more potent than bis-chalcone derivatives from acetone, cyclopentanone,
4-(tert-butyl)cyclohexane-1-one, and terephthalaldehyde.
Key words: bis-chalcone, cyclo ketone, breast cancer, tamoxifen, terephthalaldehyde

INTRODUCTION
The prevalence of cancer is rising worldwide, making
it the highest leading cause of death in economically
developed countries and the second leading cause of
death in developing countries. Cancer is considered
one of the most intractable diseases because of the in-
nate characteristics of cancer cells to proliferate un-
controllably, avoid apoptosis, invade and metasta-
size1. Despite the advances in chemotherapy, there
are no sufficient clinically useful cytotoxic agents that
can selectively target cancer cells2. Even after re-
cent advances in understanding the biological pro-
cesses leading to the development of cancer, there is
still a need for new and effective agents to help bring
this disease under control3. Among the currently
identified anti-tumor agents, chalcones represent an
important class of abundant molecules from edible
plants4,5. Chalcones are open-chained molecules
bearing two aromatic rings linked by a three-carbon

enone fragment6,7. Many of these molecules exhibit
beneficial biological activities, including antiproto-
zoal8, antifungal9, anti-inflammatory 10, antileish-
manial11, antioxidant12, and anticancer10,13,14, as
well as many other biological activities15. Recent
studies on the anti-proliferative and tumor-reducing
activities of some chalcones have led to an increased
interest to investigate chalcone compounds as an-
ticancer agents due to their simple chemical struc-
ture, their large number of sub-stituents that can cre-
ate an enormous number of derivatives, their ease of
synthesis, and their wide range of bioactivities5,16.
Such compounds with anti-tumor properties have
prompted us to synthesize a series of new chalcones
and to further investigate the anti-proliferative ability
of these chalcones against various breast cancer cell
lines.
Estrogen receptors ERα andERβ are significant prog-
nostic markers with different estrogen affinities to
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identify tumors in the breast tissue17. ERα serves
as an activated site for the ligand, and is essential
in the development and progression of dependent
hormonal type breast cancer18,19. Tamoxifen is an
anti-estrogen that blocks the estrogenic signal and
binds to the estrogen receptors, thus modifying their
activities. Tamoxifen and its active metabolite 4-
hydroxytamoxifen (4-OHT) have cytotoxic activity
against MCF-7 breast cancer cells. However, the effi-
cacy of tamoxifen is limited by the presence of poten-
tial resistance. One of the current strategies to under-
stand the drug-receptor relationship in modern drug
discovery is through molecular docking. Molecular
docking is a computational method that provides in-
formation about intermolecular interactions of pro-
teins, nucleic acids, lipids, and ligands. Molecular
docking gives the optimized conformation of proteins
and ligands, and their relative orientation through
their minimized binding energy 20.

MATERIALS—METHODS
Chemicals and Solvents
The chemicals and reagents used in the synthesis
and characterization experiments were as follows:
ethyl acetate, AR grade (QRëC); n-Hexane, AR grade
(QRëC); 4-benzyloxy-3-methoxybenzaldehyde
(Sigma-Aldrich, St. Louis, MO, USA); 4-
chloro-6-florobenzaldehyde (Sigma-Aldrich);
2-chloro-6-florobenzaldehyde (Sigma-Aldrich);
3-acetyl-2,5-dichlorothiophene (Sigma-Aldrich);
terephthalaldehyde (Sigma-Aldrich); cyclopentanone
(Sigma-Aldrich); cyclohexanone (Sigma-Aldrich);
sulphuric acid, 95-97%, AR grade (QRëC); 2,6-
dichlorobenzaldehyde (Sigma-Aldrich, USA);
2-acetyl-5-chlorothiophene (Sigma-Aldrich); 4-
(tert-butyl)cyclohexan-1-one (Sigma-Aldrich);
paraffin oil, extra pure (QRëC); 3-benzyloxy-4-
methoxybenzaldehyde (Sigma-Aldrich); dimethyl
sulfoxide-d6 (Sigma-Aldrich); chloroform-d
(ARMAR Chemicals, Switzerland); 1-ethylpiperidin-
4-one (Sigma-Aldrich); potassium hydroxide (Sigma-
Aldrich); sodium hydroxide (Sigma-Aldrich); and
TLC silica gel 60 F254 aluminium sheet, 20 cm
× 20 cm (Merck, Germany). All solvents were
used without additional purification unless stated
otherwise.

Thin Layer Chromatography (TLC)
TLC was used to monitor reaction progress and to
identify products in the mixture. A sample dissolved
in solvent was spotted at the bottom of the TLC plate.
The plate was then inserted into the eluent of ethyl

acetate:n-hexane with a different ratio. The ratio used
was 5:95, 10:90, 15:85, 20:80 and 25:75 of ethyl ac-
etate:hexane. The product was identified by compar-
ing its Rf value with the Rf value of the known com-
pound or the starting material under UV light.

Recrystallization

All compounds were purified by re-crystallization
techniques. The slower the rate of cooling, the larger
the crystals were that formed. A major disadvan-
tage of re-crystallization is the length of time it takes.
Moreover, the proper solvent must be used but this
can only be determined by trial and error, based on
predictions and observations. The solution must be
soluble at high temperatures and insoluble at low tem-
peratures. The advantage of re-crystallization is that
when carried out correctly, it is a very effective way of
obtaining a pure sample of the product or precipitate.

Fourier Transform Infrared Spectroscopy
(FTIR)

FTIR spectroscopy is a technique to determine the
types of functional groups in a compound. The fre-
quency of infrared is measured in wave number, and
the samples are scanned in a range from 650 to 4000
cm−1.

Nuclear Magnetic Resonance Spectroscopy
(NMR)

NMR spectroscopy is used to determine the molecu-
lar structure of a compound for certain atomic nuclei
such as 1H, 13C, and 31P.The 1DNMR (1H and 13C)
and 2D NMR (COSY, HSQC, HMBC, DEPT90, and
DEPT135) were carried out to confirm the structures
of the intermediates and final compounds. All the
NMR spectra were obtained using Bruker 500 MHz
UltrashieldTM spectrometer. About 20 mg of sample
was dissolved in a deuterated solvent (CDCl3-d1 and
DMSO-d6) before transfer into an NMR tube.

CHN elemental analysis

CHN elemental analysis was used to determine the
percentage of carbon (C), hydrogen (H), and nitro-
gen (N) in a sample. This technique involves the com-
bustion of a sample in excess of oxygen. It provides a
speedy and inexpensivemethod to check the purity of
a sample. The analysis of the synthesized samples was
carried out using the CHN analyzer (Perkin Elmer II
2400 model, Perkin Elmer, Waltham, MA, USA).

4295



Biomedical Research and Therapy, 8(4):4294-4306

Cytotoxicity Study

Cell Culture
Human breast cancer cell line MCF-7 was pur-
chased from ATCC (Rockville, MD, USA). The
cells were maintained in Dulbecco’s Modified Ea-
gle’s medium (DMEM) supplemented with 10% Fe-
tal Bovine Serum (FBS) and incubated at 37 ◦C
with humidified condition maintained with 5% CO2.
After reaching confluency, cells were sub-cultured
using 0.25% trypsin- EDTA. All aforementioned
reagents were purchased from Thermo-Fisher Scien-
tific (Waltham, MA, USA).

Cell Viability Assay
The cytotoxicity of 30 compounds was examined
against MCF-7 cells by using cell viability assay.
Briefly, MCF-7 cells were seeded into a 96-well plate
at a density of 4× 103 cells/well and incubated for 24
h. The cells were treated with synthetic compounds,
the reference drug tamoxifen, and 0.1 % DMSO as
control, and were incubated for 48 h. Following the
incubation period, the media with treatments were
discarded, and new medium was added to each well
to minimize any potential interaction of drugs with
the MTT reagent. Then, 20 µL of the MTT reagent
was added into each well and incubated for 3 h. The
medium containing MTT was discarded and 200 µL
of DMSO was added to each well and incubated. Af-
ter 15 min, the absorbance was measured by using a
plate reader at a wavelength of 570 nm with a refer-
ence wavelength of 630 nm. The IC50 values of the
compounds which showed an effect on the viability of
the cells at a concentration below 100 µMwere calcu-
lated using five concentrations.

Molecular Docking

Protein Preparation
The X-ray crystal structure of ERα was downloaded
from the RCSB database (PDB ID: 3ERT)21. Biovia
Discovery Studio Visualizer 16.1 was utilized to re-
move the heteroatoms and water, and to further pre-
pare the protein.

Ligand Preparation
Eleven synthesized compounds were used as the lig-
ands while tamoxifen was selected as a control ref-
erence in the docking studies. The 2D chemical
structure of the ligands was built using PerkinElmer
ChemDraw software 16.0 (Perkin Elmer). Next, the
sketched ligands were subjected to energy minimiza-
tion (MM2 force field) using PerkinElmer Chem3D
16.0 and saved in PDB format.

Docking and Scoring Protocol
AutoDock 4.2 is a computational software used to
prepare the ligands and proteins, and to generate
the docking process22. A click-by-click protocol was
used to enforce this process23. Initially, the polar
hydrogens and Kollman charges were added to the
ERα . Then, the selected ligands were revitalized by
Gasteiger charges. The size of the grid box was set to
50*50*50, and the coordinates were 31.6615, -0.8435,
and 25.1743 (as x, y and z, respectively) with a spac-
ing of 0.375. For the docking parameter, the ERα was
defined as rigid while all ligands were flexible. The
genetics algorithm run was set to 100, and Lamarck-
ian genetics was selected to proceed with the docking,
while the remaining parameters were kept as default.
Docking scores were interpreted using Discovery Stu-
dio Visualizer 16.1 and LigandScout 4.3 academic li-
cense so that the ionic bonds, hydrogen bonds, and
hydrophobic interactions could be easily observed.

RESULTS
Synthesis
The general procedure of chalcone preparations (for
bis-chalcones 1-13) involved the Claisen-Schmidt
condensation of various substituted thiophenes with
substituted benzaldehydes in methanol and potas-
sium hydroxide (KOH) as bases. Two types of bis-
chalcone derivatives, 1-3 and 4-13, were synthesized.
The reaction conditions involved are summarized in
Scheme 1 and Scheme 2, respectively.

General procedure of bis-chalcone deriva-
tives, 1-3
The preparation of Bis-chalcone 1 was used as a
representative procedure. A mixture of 2-acetyl-5-
chlorothiophene (0.02 mol) and terephthalaldehyde
(0.01 mol) in 50 mLmethanol was stirred in the pres-
ence of aqueous KOH (0.04 mol, 4 equiv) at room
temperature for 24 hours. The reaction progress was
monitored by TLC. The precipitate formed was fil-
tered and purified by recrystallization frommethanol.
The reaction is illustrated in Scheme 1.

(2E,2’E)-3,3’-(1”,4”-Phenylene)-bis-(1’,1-
(5”’,5””-chlorothiophen-2”’,2””-yl) prop-2,2’-
en-1,1’-one), 1
Yield: (68%); color: solid yellow; mp: 170-174 ◦C;
molecular weight: 419.34. FT-IR (ν , cm−1): 3067
(Csp2-H), 3001 and 2936 (Csp3-H), 1657 (C=O),
1523 (C=C aromatic), 1375 (C=C alkenyl), and 614
(C-Cl). 1H-NMR (500 MHz, CDCl3) d, ppm: 7.85
(2H, d, J=15.5 Hz, H-2,2’), 7.70 (4H, s, H-2”,3”,5”,6”),
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Scheme 1: Synthesis of chalcones 1-3.

7.69 (2H, d, J=4.0, H-3”), 7.39 (2H, d, J=15.5 Hz,
H-3,3’), and 7.05 (2H, d, 1H, J=4.0 Hz, H-4”). 13C
NMR (125 MHz, CDCl3) d, ppm: 190.0 (C-1,1’),
144.0 (C-2,2’), 142.6 (C-3”’), 140.1 (C-2”’), 131.8 (C-
5”’), 129.1 (C-2”,3”,5”,6”), 129.0 (C-1”,4”), 128.8 (C-
4”’), and 127.7 (C-3,3’). CHNElemental analysis: cal-
culated for C20H12O2Cl2S2: C, 57.28; H, 2.88; found:
C, 57.31; H, 2.76 (Figure 1).

Figure 1: (2E,2’E)-3,3’-(1”,4”-Phenylene)-bis-
(1’,1-(5”’,5””-chlorothiophen-2”’,2””-yl)prop-2,2’-
en-1,1’-one), 1

(2E,2’E)-3,3’-(1”,4”-phenylene)-bis-(1,1’-
(2”’,5”’-dichlorothiophen-3”’-yl) prop-2,2’-
en-1,1’-one), 2
A mixture of 2-acetyl-5-chlorothiophene (0.01 mol),
3-acetyl-2,5-dichlorothiophene (0.01 mol), aqueous
KOH (0.04 mol, 4 equiv) and terephthalaldehyde
(0.01 mol) in 50 mL methanol was stirred at room
temperature for 24 hours.

Figure 2: (2E,2’E)-3,3’-(1”,4”-phenylene)-bis-
(1,1’-(2”’,5”’-dichlorothiophen-3”’-yl) prop-2,2’-
en-1,1’-one), 2

Yield: (71%); color: solid yellow; mp: 163-167 ◦C;

and molecular weight: 488.23. FT-IR (ν , cm−1):

3080 (Csp
2-H str.), 2972 (Csp

3-H str.), 1650 (C=O

str.), 1588 (C=C aromatic str.), 1498 (C=C alkenyl

str.), and 719 (C-Cl). 1H-NMR (500 MHz, CDCl3)

d; ppm: 7.71 (d, 2H, J=15.6 Hz, C=CH), 7.30 (d, 2H,

J=15.6 Hz, CO=CH), 7.64 (s, 4H, Ar-H), 7.09 (s, 2H,

thiophene-H). 13C NMR (125 MHz, CDCl3), ppm:

186.1 (C-1,1’), 147.8 (C-2, 2’), 142.4 (C-3”’), 136.8

(C-2”’), 136.5 (C-5”’), 135.5 (C-2”,3”,5”,6”), 130.2 (C-

1”,4”), 125.8 (C-4”’), and 116.0 (C-3,3’). CHN Ele-

mental analysis: calculated for C20H10O2Cl4S2: C,

49.20; H, 2.06; found: C, 49.31; H, 2.10.C, 49.20; H,

2.06; found: C, 49.31; H, 2.10 (Figure 2).
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(E)-1-(5’-chlorothiophen-2’-yl)-3”’-(4”-((E)-
3”’-(2””,5””-dichlorothiophen-3””-yl)-3”’-
oxoprop-1”’-en-1”’-yl) phenyl) prop-2-en-1-
one, 3

A mixture of 3-acetyl-2,5-dichlorothiophene (0.02
mol), aqueous KOH (0.04 mol, 4 equiv) and tereph-
thalaldehyde (0.01 mol) in 50 mL methanol was
stirred at room temperature for 24 hours.

Figure 3: (E)-1-(5’-chlorothiophen-2’-yl)-3”’-(4”-
((E)-3”’-(2””,5””-dichlorothiophen-3””-yl)-3”’-
oxoprop-1”’-en-1”’-yl) phenyl) prop-2-en-1-one,
3

Yield: (77%); color: solid yellow; mp: 190 – 195
◦C; and molecular weight: 453.8. FT-IR (ν , cm−1):
3034 (Csp

2-H str.), 2972 (Csp
3-H str.), 1650 (C=O

str.), 1588 (C=C aromatic str.), 1508 (C=C alkenyl
str.), 716 (C-Cl). 1H-NMR (500 MHz, CDCl3) d,
ppm: 7.84 (1H, d, J=15.5 Hz, H-2”’), 7.76 (1H, J=16
Hz, H-1”’), 7.68 (4H, d, J=8.0 Hz, H-2”,3”,5”,6”), 7.68
(1H, d, J=4.1 Hz, H-4’). 7.45 (1H, d, 1H, J=16.0 Hz,
H-2), 7.38 (1H, d, J=15.5 Hz, H-3), 7.24 (1H, s, H-
1””), and 7.04 (1H, d, J=4.1 Hz, H-4’). 13C NMR
(125 MHz, CDCl3) d, ppm: 183.6 (C-3”’), 180.7 (C-
1), 144.1 (C-2’), 144.0 (C-1”’), 143.9 (C-3), 143.1 (C-
2””), 140.2 (C-3’), 137.7 (C-4’), 136.7 (C-1”,4”), 131.4
(C-4’), 129.2 (C-2”,3”), 129.1 (C-5”,6”), 127.8 (C-4”’),
127.2 (C-5””), 127.1 (C-3””), 124.8 (C-2”’), 124.7 (C-
2), and 121.6 (C-4’). CHN elemental analysis: calcu-
lated for C20H11O2Cl3S2: C, 52.94; H, 2.44; found: C,
52.88; H, 2.40.

General procedure of bis-chalcone deriva-
tives from cycloketones with halogen sub-
stituents, 4-7

Bis-chalcone 4 preparation was used as a representa-
tive procedure. A mixture of cyclopentanone (0.01
mol) and 2-chloro-4-fluorobenzaldehyde (0.02 mol)
in 50 mL methanol was stirred in the presence of
aqueous KOH (0.04 mol, 4 equiv) at room tempera-
ture for 24 hours. The reaction progress was moni-
tored by TLC.The precipitate formed was filtered and
purified by re-crystallization from methanol. The re-
action is illustrated in Scheme 2.

(2E,5E)-2,5-bis-(2-chloro-4-
fluorobenzylidene) cyclopentanone, 4
Yield: (85%); color: solid yellow; mp: 217 – 222 ◦C;
andmolecular weight: 365.20. FT-IR (ν , cm−1): 3083
(Csp

2-H str.), 2926 (Csp
3-H str.), 1686 (C=O str.),

1595 (C=C aromatic str.), 1480 (C=C alkenyl),1041
(C-F), and 808 (C-Cl). 1H-NMR (500 MHz, CDCl3)
d, ppm: 7.88 (br s, 2H, C=CH), 7.25 (2H, dd, J = 2.6,
8.5 Hz, H-5’), 7.04-7.06 (2H, m, H-3”), and 3.00 (s,
cyclic pentane-H, 4H). 13CNMR (125MHz, CDCl3),
ppm: 195.2 (C-1), 163.6 (C-4’), 138.8 (C-1”), 137.2
(C-1’), 131.2 (C-2”), 130.2 (C-6”), 129.1 (C-3”), 117.8
(C-5”), 114.3 (C-2,5), and 26.5 (C-3,4) (Figure 4).

Figure 4: (2E,5E)-2,5-bis-(2-chloro-4-
fluorobenzylidene) cyclopentanone, 4.

(2E,6E)-2,6-bis-(2-chloro-4-
fluorobenzylidene) cyclohexanone, 5
Amixture of cyclohexanone (0.01 mol) and 2-chloro-
4-fluorobenzaldehyde (0.02 mol) in 50 mL methanol
was stirred in the presence of aqueousKOH (0.04mol,
4 equiv) at room temperature for 24 hours.
Yield: (79%); color: solid yellow; mp: 148 – 153 ◦C;
andmolecular weight: 379.23. FT-IR (ν , cm−1): 3113
(Csp

2-H str.), 2975 (Csp
3-H str.), 1664 (C=O str.),

1598 (C=C aromatic str.), 1486 (C=C alkenyl), 1047
(C-F), and 736 (C-Cl). 1H-NMR (500 MHz, CDCl3)
d, ppm: 7.86 (2H,s, H-1”), 7.22 – 7.34 (4H, m, H-3’,
H-6’), 7.03 (2H, dd, J=3.5, 8.75 Hz, H-5’), 2.77 (4H,
t, J=5.2 Hz, H-3,5), and 1.76-1.73 (2H, m, H-4). 13C
NMR (125 MHz, CDCl3) d, ppm: 189.5 (C-1), 163.3
(C-4’), 137.7 (C-1”), 136.1 (C-2), 133.2 (C-2’), 131.4
(C-6’), 130.5 (C-1’), 117.2 (C-3’), 113.7 (C-5’), 28.37
(C-3), and 23.14 (C-4) (Figure 5).

3,5-bis-((E)-2-chloro-4-fluorobenzylidene)-
1-ethylpiperidin-4-one, 6
A mixture of 1-ethylpiperidin-4-one (0.01 mol) and
2-chloro-4-fluorobenzaldehyde (0.02 mol) in 50 mL
methanol was stirred in the presence of aqueous KOH
(0.04 mol, 4 equiv) at room temperature for 24 hours.
Yield: (84%); color: solid yellow; mp: 147 – 153 ◦C;
andmolecular weight: 407.07. FT-IR (ν , cm−1): 3066
(Csp

2-H str.), 2974 and 2938 (Csp
3-H asymmetrical
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Scheme 2: Synthesis of bis-chalcone with halogen substituents, 4-7.

Figure 5: (2E,6E)-2,6-bis-(2-chloro-4-
fluorobenzylidene) cyclohexanone, 5.

and symmetrical stretching, respectively), 1679 (C=O
str.), 1601 (C=C aromatic str.), 1488 (C=C alkenyl),
1217 (C-N), 1045 (C-F), and 687 (C-Cl).1H-NMR
(500 MHz, CDCl3) d, ppm: 1.07 (t, J=7.0 Hz, H-2”,
3H), 2.55 (d, J=5.0 Hz, H-1”, 2H), 3.66 (s, CH3, 6H),
3.72 (s, H-2, H-6, 4H), 3.85 (s, CH2, 4H), 6.84 – 8.02
(m, H-aromatic, 6H), and 7.94 (s, CH, 2H).13C NMR
(125 MHz, CDCl3) d, ppm: 12.2 (C-2”), 50.8 (C-1”),
53.8 (C-2,6), 114.0 (C-3’), 129.7 (C-3’), 131.4 (C-1’),
133.1 (C-6’), 134.3 (C-2’), 136.3 (C-3,5), 161.4 (CH),
163.5 (C-4’), and 186.4 (C-4).

Figure 6: 3,5-bis-((E)-2-chloro-4-
fluorobenzylidene)-1-ethylpiperidin-4-one,
6.

4-(Tert-butyl)-2,6-bis-((E)-2-chloro-4-
fluorobenzylidene) cyclohexan-1-one,
7

A mixture of 4-(tert-butyl) cyclohexan-1-one (0.01
mol) and 2-chloro-4-fluorobenzaldehyde (0.02 mol)
in 50 mL methanol was stirred in the presence of
aqueous KOH (0.04 mol, 4 equiv) at room tempera-
ture for 24 hours.
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Yield: (79%); color: solid yellow, mp: 150 – 155 ◦C;
andmolecular weight: 435.33. FT-IR (ν , cm−1): 3032
(Csp

2-H str.), 2955 (Csp
3-H str.), 1737 (C=O str.),

1595 (C=C aromatic str.), 1514 (C=C alkenyl), 1010
(C-F), and 700 (C-Cl). 1H-NMR (500 MHz, DMSO-
d6) d, ppm: 0.80 (s, H-2”,3”’,4”’, 9H), 2.23 (t, J=13.5
Hz, H-1, 1H), 2.87 (d, J=15.5Hz, H-2, H-6, 4H), 6.76-
7.82 (m, H-aromatic, 6H), and 7.74 (s, CH, 2H).13C
NMR (125 MHz, CDCl3) d, ppm: 27.1 (C-2”,3”,4”),
29.3(C-2, 6), 32.6 (C-1”), 55.6 (C-1), 117.2 (C-5’),
117.4 (C-3’), 130.5 (C-1’), 130.5 (C-2’), 131.1 (C-6’),
131.3 (C-3,5), 131.3 (CH), 160.1 (C-4’), and 189.6 (C-
4) (Figure 7).

Figure 7: 4-(Tert-butyl)-2,6-bis-((E)-2-chloro-4-
fluorobenzylidene) cyclohexan-1-one, 7.

General procedure of bis-chalcone deriva-
tives from cycloketones with methoxy and
benzyloxy substituents, 8-11
Bis-chalcone 8 was used as a representative pro-
cedure. A mixture of acetone (0.01 mol) and 3-
(benzyloxy)-4-methoxybenzaldehyde (0.02 mol) in
50 mL methanol was stirred in the presence of aque-
ous KOH (0.04 mol, 4 equiv) at room temperature for
24 hours. The reaction progress was monitored by
TLC.The precipitate formed was filtered and purified
by re-crystallization from methanol.

(1E,4E)-1,5-bis-(3-(benzyloxy)-4-
methoxyphenyl) penta-1,4-dien-3-one,
8
Yield: (78%); color: solid yellow; mp: 185 – 190
◦C; and molecular weight: 506.59. FT-IR (ν , cm−1):
3031 (Csp

2-H str.), 2972 and 2838 (Csp
3-H asym-

metrical and symmetrical stretchings, respectively),
1745 (C=O str.), 1584 (C=C aromatic str.), 1512 (C=C
alkenyl str.), and 1137 (C-O str.). 1H-NMR (500
MHz, CDCl3) d, ppm: 3.82 (s, CH3, 6H), 5.17 (s,
CH2, 4H), 7.06 (d, J=8.0Hz,H-5’, 2H), 7.22 (d, J=16.0,

H-1, 5), 7.35 – 7.54 (m,H-aromatic, 16H), and 7.70 (d,
J=15.6 Hz, H-2, 5, 2H).13C-NMR (125MHz, DMSO-
d6) d, ppm: 56.1 (CH3), 70.5 (CH2), 112.4 (C-2’,5’),
112.7 (C-2,4), 124.0 (C-6’), 124.2 (C-2”,6”), 127.9 (C-
1’), 128.4 (C-4”), 128.4 (C-3”,5”), 128.9 (C-1”), 137.3
(C-5), 143.0 (C-1), 148.4 (C-4’), 151.8 (C-3’), and
188.6 (C-3) (Figure 8).

Figure 8: (1E,4E)-1,5-bis-(3-(benzyloxy)-4-
methoxyphenyl) penta-1,4-dien-3-one, 8.

2,5-bis-((E)-3-(benzyloxy)-4-
methoxybenzylidene) cyclopentan-1-one,
9

A mixture of cyclopentanone (0.01 mol) and 3-
(benzyloxy)-4-methoxybenzaldehyde (0.02 mol) in
50 mL methanol was stirred in the presence of aque-
ous KOH (0.04 mol, 4 equiv) at room temperature for
24 hours.
Yield: (75%); color: solid yellow; mp: 177 – 182
◦C; and molecular weight: 532.63. FT-IR (ν , cm−1):
3028 (Csp

2-H str.), 2955 and 2838 (Csp
3-H asym-

metrical and symmetrical stretchings, respectively),
1742 (C=O str.), 1599 (C=C aromatic str.), 1508
(C=C alkenyl str.), and 1144 (C-O str.). 1H-NMR
(500 MHz, CDCl3) d, ppm: 2.86 (s, H-3,4, 4 H),
3.96 (s, CH3, 3H), 5.23 (s, CH2, 4H), 6.95-7.48 (m,
H-aromatic, 16H), 7.12 (s, CH, 2H).13C-NMR (125
MHz, CDCl3) d, ppm: 26.2 (C-3, 4), 56.0 (CH3), 71.1
(CH2), 111.5 (C-5’), 116.1 (C-6’), 125.3 (C-2’), 127.1
(C-1’), 128.0 (C2”,6”), 128.6 (C-4”), 128.8 (C-2”,5”),
133.5 (CH), 135.4 (C-1”), 136.8 (C-2,5), 174.9 (C-4’),
150.9 (C-3’), and 196.0 (C-1) (Figure 9).

Figure 9: 2,5-bis-((E)-3-(benzyloxy)-4-
methoxybenzylidene) cyclopentan-1-one,
9.
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Scheme 3: Synthesis of bis-chalcones with methoxy and benzyloxy substituents, 8-11.

3,5-bis-((E)-3-(benzyloxy)-4-
methoxybenzylidene)-1-ethylpiperidin-
4-one, 10
Yield: (79%); color: solid yellow; mp: 196 – 199
◦C; and molecular weight: 575.69. FT-IR (ν , cm−1):
3008 (Csp

2-H str.), 2955 and 2841 (Csp
3-H asym-

metrical and symmetrical stretchings, respectively),
1673 (C=O str.), 1605 (C=C aromatic str.), 1486 (C=C
alkenyl str.), 1231 (C-N str.), and 1047 (C-O str.).
1H-NMR (500 MHz, CDCl3) d, ppm: 1.01 (t, J=7.0
Hz, H-2”’, 3H), 2.49 (d, J=7.0 Hz, H-1”’, 2H), 3.65 (s,
H-2, 6, 4H), 3.96 (s, CH3, 6H), 5.22 (s, CH2, 4H),
6.93-7.48 (m,H-aromatic, 16H), and 7.69 (s, CH, 2H).
13C NMR (125 MHz, CDCl3) d, ppm: 12.5 (C-2”’),
51.3 (C-1”’), 54.3 (C-2,6), 56.0 (CH3), 71.1 (CH2),
111.4 (C-2’), 116.2 (C-5’), 124.7 (C-6’), 127.0 (2”,6”),
127.5 (C-1’), 128.0 (C-4”), 128.1 (C-3”,5”), 128.4 (C-
1”), 128.7 (C-3,5), 131.6 (CH), 136.2 (C-4’), 136.8 (C-
3’), and 187.2 (C-4).

2,6-bis-((E)-3-(benzyloxy)-4-
methoxybenzylidene)-4-(tert-
butyl)cyclohexan-1-one, 11
Yield: (69%)l color: solid yellow; mp: 149 – 154
◦C; and molecular weight: 602.76. FT-IR (ν , cm−1):
3033 (Csp

2-H str.), 2961 and 2838 (Csp
3-H asym-

metrical and symmetrical stretchings, respectively),

Figure 10: 3,5-bis-((E)-3-(benzyloxy)-4-
methoxybenzylidene)-1-ethylpiperidin-4-one,
10.

1656 (C=O str.), 1598 (C=C aromatic str.), 1508 (C=C
alkenyl str.), and 1140 (C-O str.). 1H-NMR (500
MHz, DMSO-d6) d, ppm: 0.93 (s, H-2”’, 9H), 1.45 (t,
J=12.5 Hz, H-4, 1H), 3.1 (d, J=15.0 Hz, H-3, 5, 4H),
3.95 (s, CH3, 6H), 5.20 (s, CH2, 4H), 6.95-7.47 (m, H-
aromatic, 16H), and 7.66 (s, CH2, H-5, 2H). 13CNMR
(125 MHz, DMSO-d6) d, ppm: 27.4 (C-2”’), 29.4 (C-
3,5), 32.4 (C-1”’), 44.2 (C-4), 56.0 (CH3), 71.1 (CH2),
111.4 (C-2’), 116.2 (C-5’), 124.5 (C-6’), 127.1 (C-2”,
6”), 127.9 (C-1’), 128.6 (C-4”), 128.9 (C-3”,5”), 134.3
(CH), 136.6 (C-1”), 136.8 (C-2,6), 147.8 (C-4’), 150.2
(C-3’), and 190.3 (C-1) (Figure 11).
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Figure 11: 2,6-bis-((E)-3-(benzyloxy)-4-
methoxybenzylidene)-4-(tert-butyl)cyclohexan-
1-one, 11.

General procedure of bis-chalcone deriva-
tives from cycloketones with methoxy and
benzyloxy substituents, 12-13
Bis-chalcone 12 preparation was used as a repre-
sentative procedure. A mixture of cycloketone (0.01
mol) and 3-(benzyloxy)-4-methoxybenzaldehyde
(0.02 mol) in 50 mL methanol was stirred in the
presence of aqueous KOH (0.04mol, 4 equiv) at room
temperature for 24 hours. The reaction progress
was monitored by TLC. The precipitate formed
was filtered and purified by re-crystallization from
methanol (Scheme 4).

3,5-bis-((E)-4-(benzyloxy)-3-
methoxybenzylidene)-1-ethylpiperidin-
4-one, 12
Yield: (78%); color: solid yellow; mp: 190 – 195
◦C; and molecular weight: 575.69. FT-IR (ν , cm−1):
FT-IR (v, cm-1): 3032 and 2967 (Csp2-H), 2932 and
2864 (Csp3-H),1669 (C=O), 1595 (C=C aromatic),
1511 (C=C alkenyl), 1252 (C-N), and 1139 (C-O).
1H-NMR (500 MHz, DMSO-d6) d, ppm: 0.99 (t,
J=7.0 Hz, H-2”’, 3H), 2.59 (d, J=7.0 Hz, H-1”’, 2H),
3.81 (s, H-2, 6, 4H), 3.82 (s, CH3, 6H), 5.15 (s, CH2,
4H), 7.05-7.47 (m,H-aromatic, 16H), and 7.58 (s, CH,
2H). 13C NMR (125 MHz, DMSO-d6) d, ppm: 12.3
(C-2”’), 51.0 (C-1”’), 54.2 (C-2,6), 56.0 (CH3), 70.2
(CH2), 113.6 (C-2’), 114.9 (C-5’), 124.1 (C-6’), 128.2
(C-2”,6”), 128.34 (C-1’), 128.4 (C-4”), 128.9 (C-3”,5”),
132.5 (C-1”), 135.2 (C-3,5), 137.2 (CH), 149.2 (C-4’),
149.3 (C-3’), and 186.9 (C-4) (Figure 12).

2,6-bis-((E)-4-(benzyloxy)-3-
methoxybenzylidene)-4-(tert-
butyl)cyclohexan-1-one, 13
Yield: (84%); color: solid yellow; mp: 188 - 193 ◦C;
andmolecular weight: 602.76. FT-IR (ν , cm−1): 3079
(Csp

2-H str.), 2954 (Csp
3-H str.), 1598 (C=O str.),

1509 (C=C aromatic str.), 1433 (C=C alkenyl str.),
and 1250 (C-O str.). 1H-NMR (500 MHz, DMSO-
d6) d, ppm: 0.93 (s, H-2”’, 9H), 1.38 (t, J=12.0 Hz,

Figure 12: 3,5-bis-((E)-4-(benzyloxy)-3-
methoxybenzylidene)-1-ethylpiperidin-4-one,
12.

H-4, 1H), 3.10 (d, J=15.0 Hz, H-3, 5, 4H), 3.81
(s, CH3, 6H), 5.15 (s, CH2, 4H), 7.14-7.46 (m, H-
aromatic, 16H), and 7.59 (s, CH2, H-5, 2H). 13C
NMR (125 MHz, DMSO-d6) d, ppm: 27.5 (C-2”’),
29.5 (C-3,5), 32.6 (C-1”’), 44.2 (C-4), 55.9 (CH3), 70.2
(CH2), 113.6 (C-2’), 114.7 (C-5’), 124.1 (C-6’), 128.3
(2”,6”), 128.4 (C-1’), 128.8 (C-4”), 128.9 (C-3”,5”),
134.7 (CH), 136.3 (C-1”), 137.2 (C-2,6), 148.9 (C-4’),
149.1 (C-3’), and 189.0 (C-1) (Figure 13).

Figure 13: 2,6-bis-((E)-4-(benzyloxy)-3-
methoxybenzylidene)-4-(tert-butyl)cyclohexan-
1-one, 13.

DISCUSSION
Molecular Docking
Thebehavior of all 14 chalcone compoundswere com-
pared to that of tamoxifen. To be an effective drug, a
compoundmust have optimum solubility of both wa-
ter and fat, pass through the intestine, and be trans-
ported in aqueous blood before penetrating the cell
membrane. Water solubility depends on the number
of hydrogen bond donors relative to the compound’s
alkyl side chain. Low water solubility means slow
absorption and action. Too many hydrogen bond
donors contribute to low-fat solubility, leading to the
drug’s inability to cross the cell membrane. A sim-
ple method to evaluate the drug-like properties is to
check the compliance with Lipinski’s rule (rule of 5),
which specifies the numbers of hydrophilic groups,
molecular weight, and hydrophobicity. Lipinski’s rule
of five theorize that an active oral drug should have (i)
not more than five hydrogen bond donors (OH and
NH groups); (ii) not more than five hydrogen bond
acceptors (notably N and O); (iii) molecular weight
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Scheme 4: Synthesis of bis-chalcones with methoxy and benzyloxy substituents, 12-13.

less than 500 g/mol; and (iv) octanol-water partition
coefficient (log P) less than 5. Interestingly, 8 out of
the 11 thienyl chalcone derivatives compliedwith Lip-
inski’s rule, as shown in Table 1. Moreover, Table 1
displays the computed scores of docking between the
estrogen receptor alpha (ERα) structure (receptor)
and all 11 synthesized compounds (ligands). The
more negative the value, the higher the probability of
an interaction between the ligand and the receptor.
As expected, all of the 11 thienyl chalcone derivatives
entered the ERα pocket as tamoxifen and possessed
varying scores with the enclosed amino acids.
In comparison, the docking values of the bis-
chalcone derivatives were more negative than tamox-
ifen derivatives in terms of predicting affinity to the
receptor, except for compounds 11-13. At the same
time, only 1 compound (6) is roughly applicable to the
Lipinski rule, which has a Log P-value of 5.16 and a
molecular weight less than 500 g/mol. These are con-
sidered to be very close to the Lipinski rule inquiry
and possesses the activity of an in vitro assay against
MCF-7 cancer cell more to a greater extent than ta-
moxifen, as presented in Table 1.
The free binding energy of compound 6 was -10.32
kcal/mol, which was approximately the value of ta-
moxifen. Table 2 presents an overview of the pre-
dicted binding pose of compound 6. It is noted
from the 2D-molecular structure interaction of com-
pound 6 in Figure 14, only one hydrogen bond with
ARG394 and several hydrophobic interactions with
leucine amino acid residues were established, making
the interaction with the pocket as intense as it is in
tamoxifen. It should be noted that the in vitro assay
(MCF-7) of compound 6 was better than that of con-
trol (tamoxifen). Thismight be due to the existence of
several interactions with amino acid (leucine), where

inhibition of it plays a key role in reducing the activity
of the estrogen receptor in breast cancer, as recently
published24.

Cytotoxicity study
The cytotoxicity activity of the 13 compounds was
evaluated against human breast cancer cell line MCF-
7 at various concentrations, ranging from 1.563 to 25
µM. The positive control, tamoxifen, was also inves-
tigated at the concentration of 3.25 - 50 µM. Com-
pound 6 showed the most potent cytotoxicity with
IC50 value of 4.4 µM after incubation of MCF-7 cells
with compound 6 for 48 hours.
Compounds 3, 5 and 9 showed moderate cytotoxicity
activity with IC50 values of 35.5, 19.3 and 31.1 µM, re-
spectively, while compounds 1, 2, 4, 7, 8,10, 11, 12 and
13 were found to be inactive towards MCF-7. These
results are summarized in Table 2 (the IC50 value of
tamoxifen is shown as 17.9 µM). The results revealed
that compound 6 showed more potent cytotoxicity
compared to the reference anticancer drug, tamox-
ifen. Since compound 6 showed an IC50 value below
10 µMagainst MCF-7 breast cancer cells, it could po-
tentially be an effective drug for treatment of breast
cancer.

CONCLUSION
A series of thertine bis-chalcones were success-
fully synthesized between terephthalaldehyde with
3-acetyl-5-chlorothiophene (1), between tereph-
thalaldehyde with 3-acetyl-2,5-dichlorothiophene
(2), between terephthalaldehyde with 3-acetyl-2,5-
dichlorothiophene and 3-acetyl- 5-chlorothiophene
(3), and between cyclic ketone derivatives with
phenyl aldehyde derivatives (4-13). All the com-
pounds were characterized using FTIR, 1H and 13C
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Table 1: Chemical properties based on Lipinski’s rule ofall bis-chalcone derivatives (1-13)and the tamoxifen
(control)

Com-
pound

M.W
(g/mol)

Log
P

H-bond
donor

H-bond
acceptor

FBE
(Kcal/mol)

Inhibition Constant Ki,
(mM)

151 419.34 5.85 1 0 -10.18 0.034

162 453.79 6.16 0 0 -9.14 0.200

173 488.23 6.48 0 0 -9.81 0.064

184 365.20 5.65 1 0 -8.78 0.369

195 379.23 6.07 0 0 -10.02 0.045

206 407.07 5.16 1 0 -10.32 0.031

217 435.33 7.62 0 0 -8.51 0.575

228 506.59 6.98 0 0 -9.26 0.164

239 532.63 7.18 0 0 -9.42 0.124

2410 575.69 6.68 0 0 -9.29 0.154

2511 602.76 9.15 1 0 -6.56 15.61

2612 575.69 6.68 0 0 -6.47 18.02

2713 602.76 9.15 0 0 -6.05 36.57

Tamox-
ifen

371.51 6.07 0 2 -10.40 0.027

Table 2: Compounds 1-11 and Tamoxifen IC50
value (µM) against MCF-7 cell line

Compound IC50

Tamoxifen (MW = 371.51) 17.9± 1.2

1 (Yield = 68%, MW = 419.34) NA

2 (Yield = 71%, MW = 453.79) NA

3 (Yield = 74%, MW = 488.23) 35.5± 3.8

4 (Yield = 85%, MW = 365.20) NA

5 (Yield = 79%, MW = 379.23) 19.3± 0.7

6 (Yield = 84%, MW = 407.07) 4.4± 0.1

7 (Yield = 79%, MW = 435.33) NA

8 (Yield = 78%, MW = 506.59) NA

9 (Yield = 75%, MW = 532.63) NA

10 (Yield = 78%, MW = 575.69) NA

11 (Yield = 69%, MW = 602.76) NA

12 (Yield = 78%, MW = 575.69) NA

13 (Yield = 84%, MW = 602.76) 31.1± 1.3
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Figure 14: Summary of the best predicted binding poses of compound 6. In the scaffold, green color repre-
sents the carbon atoms, red for oxygen, sky blue for fluorine, dark blue for chlorine, and pale blue for the nitrogen
atom.

NMR spectroscopy. The cytotoxic activity of all
the synthesized compounds was evaluated against
MCF-7 breast cancer cell line. Compounds 5 and 6
were found to have IC50 values about 20 µM. These
compounds are good candidates to be selected for
further studies to develop anticancer drugs. The
structure-activity relationship studies showed that
bis-chalcone compounds with substituted chlorine
and fluorine atoms at the ortho-chlorine and para-
fluorine position of their aromatic rings exhibited
greater cytotoxic activity against MCF-7 cell line
compared with other compounds. Moreover, in
the cytotoxic activity tests on MCF-7 breast cancer
cells, the bis-chalcones derivatives from cyclohexane,
1-ethylpiperidin-4-one were found to be more
potent than bis-chalcone derivatives from acetone,
cyclopentanone, 4-(tert-butyl)cyclohexan-1-one and
terephthalaldehyde.
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