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INTRODUCTION
The prevalence of cancer is increasing worldwide, making it the 
most leading cause of death in economically developed countries 
and the second leading cause of death in developing countries 
(Bray F, et al., 2018). Thus, the need for new chemical entities 
that selectively combat cancer cells and regulate this disease has 
continuously risen worldwide (Zhang Z, et al., 2020; Senapati S, 
et al., 2018). Among the currently identified antitumor agents, 
chalcones represent an essential class of abundant molecules in 
edible plants (Singh M, et al., 2020; Banoth RK and Thatikonda 
A, 2020). Chalcones or α, β-unsaturated carbonyl derivatives are 
the primary precursor to the biosynthesis of flavonoids and isofla-
vonoid compounds (Kumar S and Pandey AK, 2013). The chal-
cones’ chemical scaffold consists of two benzene rings separated 
by a high electrophilic α, β-unsaturated carbonyl system, which 
give them the semi-planar structure (Amslinger S, 2010). Many 
of these molecules exhibit beneficial biological activities, includ-
ing antiprotozoal (García E, et al., 2018), antifungal (Gupta D and 
Jain DK, 2015), anti-inflammatory (Prabhudeva MG, et al., 2017), 
antileishmanial (Insuasty B, et al., 2015), antioxidant (Lahsasni 
SA, et al., 2014; Sökmen M and Khan MA, 2016), antibacterial 
(Shaik A, et al., 2020), and anticancer activities (Abu N, et al., 
2013; Karthikeyan C, et al., 2015; Xiao J, et al., 2021; Wang G, et 
al., 2020). Recent studies on the anti-proliferative and tumour-re-
ducing activities of some chalcones have increased the interest in 
exploring chalcone compounds as anticancer agents (Chetana BP, 
et al., 2009). Chalcone derivatives can be synthesized by several 
methods such as Suzuki reaction, Witting reaction, Friedel-Crafts 
acylation, Aldol condensation, and Photo-Fries rearrangement 
(Chetana BP, et al., 2009). However, the most common method 
used is the Claisen-Schmidt reaction of an aromatic aldehyde with 

acetophenones (Chavan BB, et al., 2016; Mathew B, et al., 2016). 
Different series of thienyl chalcone derivatives have been synthe-
sized and have been reported to exhibit a wide range of bioactivity 
(Shaik AB, et al., 2020; Lokesh BV, et al., 2017). Such compounds 
with antitumor properties have prompted us to synthesize a series 
of new unsaturated carbonyl thiophene derivatives and further in-
vestigate the cytotoxic ability of these compounds against various 
breast cancer cell lines.
Estrogen Receptors (ER α and ER β) are vital regulators of breast 
cancer development (Saha Roy S and Vadlamudi RK, 2012; Hua 
H, et al., 2018). ER α-positive breast tumors represent 56% of all 
breast cancer cases, known as hormonal-dependent type breast 
cancer (Zhang MH, et al., 2014; Yue W, et al., 2013). Thus anti-es-
trogen, tamoxifen, is considered the primary treatment for hor-
monal breast cancer. Tamoxifen blocks the estrogenic signal and 
binds to the Estrogen Receptors, thereby modifying its activity 
and inhibiting cancer cell growth. Tamoxifen and its active metab-
olite 4-hydroxytamoxifen (4-OHT) have cytotoxic activity against 
MCF-7 breast cancer cells. However, the efficacy of tamoxifen is 
limited by the presence of potential drug resistance (Chang M, 
2012; Yao J, et al., 2020).
One of the current strategies to understand the drug-receptor rela-
tionship in modern drug discovery is molecular docking. Molecu-
lar docking is a computational method that provides information 
about the molecular interactions of proteins, nucleic acids, lipids, 
and ligands. Molecular docking gives the optimized conformation 
of proteins and ligands and their relative orientation through the 
minimized binding energy (Meng XY, et al., 2011; Rizvi SM, et 
al., 2013). In this study, different thienyl chalcone derivatives have 
been designed, synthesized, and investigated as anti-breast cancer 
via in-vitro and in-silico studies (Figure 1).

ABSTRACT
Breast cancer is women's most prevalent cancer type. 
The development of chemotherapy drug resistance and 
adverse effects is a significant barrier to breast can-
cer treatment. Recently, the focus of drug discovery 
has increased toward a valuable structure known as 
chalcones due to their extensive bioactivity in cancer 
treatment. In this study, 11 new thienyl chalcone deriv-
atives have been synthesized at room temperature. All 
the synthesized thienyl chalcone derivatives have been 
characterized using ATR-FTIR, NMR (1D and 2D). The 
cytotoxicity activity of all these chalcone compounds 
was investigated against breast cancer cell lines (MCF-
7 and MD-MB-231) and normal breast cell lines (MCF-

10A). The results showed that compounds 5 and 8 
exhibited significant cytotoxic activity effects against 
MCF-7 with IC

50
 7.79 ± 0.81 µM and 7.24 ± 2.10 µM, 

respectively while the effect against MDA-MB-231 
showed the IC50 of 5.27 ± 0.98 µM and 21.58 ± 1.50 
µM, respectively. 
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MATERIALS AND METHODS
Molecular docking 
The X-ray crystal structure of the ER α was downloaded from the RCSB 
database (PDB ID: 3ERT) (Shiau AK, et al., 1998). Biovia Discovery Studio 
Visualizer 16.1 was utilized to remove the heteroatoms, water, and prepare 
the protein further. Eleven synthesized compounds were used as ligands, 
and tamoxifen was used as a control reference in the docking studies. The 
2D chemical structures of all the ligands were built using PerkinElmer 
ChemDraw software 16.0 and the sketched ligands were then subjected to 
energy minimization (MM2 force field) using PerkinElmer Chem3D 16.0 
and saved in PDB format.
AutoDock 4.2 is a computational software used to prepare the ligands and 
protein and to generate the docking process (Meng XY, et al., 2011). A 
click-by-click protocol was used to enforce this process (Rizvi SM, et al., 
2013). Initially, the polar hydrogens and Kollman charges were added to 
the ER α. Then, the selected ligands were revitalized by Gasteiger char-
ges. The grid box’s size was set to 50 × 50 × 50, and the coordinates were 
31.6615, -0.8435, 25.1743 (as x, y, z, respectively) with a spacing of 0.375. 
The ER α was defined as rigid for the docking parameter while all ligands 
were flexible. The genetics algorithm run was set to 100, and the Lamarck-
ian genetic was selected to proceed with the docking, while the remaining 
parameters were kept as default. Docking scores were interpreted using 
Discovery Studio Visualizer 16.1 and LigandScout 4.3 academic license, so 
that the ionic bonds, hydrogen bonds, and hydrophobic interactions could 
be easily observed (Forli S, et al., 2016).
General method for syntheses of compounds 1-11
The preparation of compounds 1-11 is outlined in Scheme 1-3 using the 
general preparation method (Ibrahima M, et al., 2012; Ibrahim MM, 2015; 
Ibrahim MM, et al., 2016). A solution of ketone such as 2-acetylthiophene, 
2-acetyl-5-chlorothiophene or 3-acetyl-2,5-dichlorothiophene (0.01 mole) 
in 25 mL ethanol was added dropwise to a solution containing a selected 
aldehyde (0.01 mole) and sodium hydroxide (0.02 mol, 2 equiv.) in 5 mL 
ethanol. The reaction mixture was stirred for 6-24 hours at room temper-
ature. The reaction progress was monitored using TLC. The precipitate 
formed was filtered off, washed with cold methanol, and dried. The solid 
product was recrystallized from ethanol (Figures 2-4). 

(E)-3-(5’’-bromofuran-2’’-yl)-1-(5’-chlorothiophen-2’-yl) prop-2-en-1-
one, 1 
Yield: 85%. Color: yellow solid; mp: 250-252°C. MW: 317.59. IR (cm-1): 
3103 (Csp

2-H str.), 1641 (C=O str.), 1588 (C=C aromatic str.), 1529 (C=C 
alkenyl str.), 778 (C-Cl), 693 (C-Br). 1H-NMR (500 MHz, CDCl3) , ppm: 
7.66 (1H, d, J=4 Hz, H-4’’); 7.48 (1H, d, J=15.5Hz, H-2); 7.21 (1H, d, J=15 
Hz, H-3); 7.02 (1H, d, J=4 Hz, H-3’); 6.72 (1H, d, J=3 Hz, H-4’’); 6.33 (1H, 
d, J=3.5 Hz, H-3’’). 13C NMR (125 MHz, CDCl3) , ppm: 114.7 (C-3’’), 
118.1 (C-3), 118.7 (C-4’’), 128.1 (C-5’), 127.7 (C-3’), 128.9 (C-2), 131.3 (C-
4’), 139.9 (C-2’), 144.2 (C-5’’), 153.2 (C-2’’), 180.5 (C-1). CHN Elemental 
analysis for C11H6BrClO2S: Calculated: C, 41.60%; H, 1.90%. Found: C, 
41.25%, H. 1.70%.
(E)-3-(5’’-bromofuran-2’’-yl)-1-(2’,5’-dichlorothiophen-3’-yl) prop-2-en-
1-one, 2
 Yield: 87%. Color: yellow solid; mp: 265-267°C. MW: 352.05. IR (cm-1): 
3067 (Csp

2-H str.), 1664 (C=O str.), 1605 (C=C aromatic str.), 1582 (C=C 
alkenyl str.), 713 (C-Cl), 640 (C-Br). 1H-NMR (500 MHz, CDCl3) , ppm: 
7.69 (1H, s, H-4’); 7.44 (1H, d, J=15.5 Hz, H-2); 7.17 (1H, d, J=16.0 Hz, 
H-3); 7.15 (1H, d, J=4.25 Hz, H-4’’); 6.83 (1H, d, J=15.5 Hz, H-3’’). 13C 
NMR (125 MHz, CDCl3) , ppm: 182.9 (C-1), 153.3 (C-2’’), 131.2 (C-2’), 
130.5 (C-4’’), 128.3 (C-2), 126.9 (C-3’), 126.2 (C-5’), 121.5 (C-4’’), 120.7 
(C-3), 115.9 (C-3’’). CHN Elemental analysis for C11H5BrCl2O2S, Calcu-
lated: C, 37.53%; H, 1.43%; Found: C, 37.84%; H, 1.23%.
(E)-3-(2’’,6’’-dichlorophenyl)-1-(2’,5’-dichlorothiophen-3’-yl) prop-2-en-
1-one, 3 
Yield: 71%. Color: white solid; mp: 141-143°C. MW: 352.06. IR (cm-1): 
3395 (Csp

2-H str.); 1645 (C=O str.); 1583 (C=C str.); 793 (C-Cl); 768 (C-
S). 1H-NMR (500 MHz,CDCl3) , ppm: 7.89 (1H, d, J=16.0 Hz, H-3);7.40 

Figure 1: Graphical abstract

Figure 2: Synthesis of chalcone compounds 1-2

Figure 3: Synthesis of chalcone compounds 3-9

Figure 4: Synthesis of chalcone compounds 10-11
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(1H, d, J=16.0 Hz, H-2), 7.40 (2H, d, J=8.0 Hz, H-3’’,5’’), 7.24 (1H, s, H-4’), 
7.23 (1H, t, J=8.0 Hz, H-4’’). 13C NMR (125 MHz, CDCl3) , ppm: 183.3 
(C-1), 138.5 (C-3), 137.2 (C-2’), 135.3 (C-3’’,5’’), 132.2 (C-2’’,6’’), 132.0 
(C-1’’), 131.2 (C-4’’), 130.1 (C-4’), 128.0 (C-3’), 127.2 (C-2), 127.1 (C-
5’). CHN Elemental analysis for C13H6Cl4OS Calculated: C, 44.35%; H, 
1.72%; Found: C, 44.71%; H, 1.54%.
(E)-3-(2’’-chloro-4’’-fluorophenyl)-1-(5’-chlorothiophen-2’-yl)prop-2-
en-1-one, 4
 Yield: 78%. Color: white solid; mp: 160-162°C. MW: 301.16. IR (cm-1): 
3114 (Csp

2-H str.); 1650 (C=O str.), 1591 (C=C aromatic str.), 1562 (C=C 
alkenyl str.), 975 (C-F), 772 (C-Cl). 1H-NMR (500 MHz, CDCl3) , ppm: 
8.15 (1H, d, J=18.0 Hz, H-2), 7.74 (1H, dd, J=7.5 Hz, 8.5 Hz, H-6’’); 7.65 
(1H, d, J=4.0 Hz, H-4’), 7.25 (1H, d, J=16.0 Hz, H-3), 7.22 (1H, d, J=8.5 
Hz, H-3’’), 7.07 (1H, ddd, J=2.5 Hz, 8.0 Hz, 10.5 Hz, H-5’’), 7.03 (1H, d, 
J=4.0 Hz, H-3’). 13C NMR (125 MHz, CDCl3) , ppm: 180.7 (C-1), 164.4 
(C-4’’), 143.8 (C-2’’), 140.2 (C-1’’), 139.1 (C-6”), 136.6 (C-5’), 131.5 (C-4’), 
129.2 (C-2’), 127.8 (C-3), 122.7 (C-3’), 122.7 (C-3’’), 117.8 (C-5’’), 114.9 
(C-2). CHN Elemental analysis for C13H7Cl2FOS: Calculated: C, 51.85%; 
H, 2.34%; Found: C, 51.70%1; H, 2.54%.
(E)-3-(2’’-chloro-4’’-fluorophenyl)-1-(2’,5’-dichlorothiophen-3’-yl)prop-
2-en-1-one, 5
 Yield: 76%. Color: white solid; mp: 132-134°C. MW: 335.62. IR (cm-1): 
3064 (Csp

2-H str.); 2837 (Csp3-H str.), 1650 (C=O str.), 1588 (C=C aro-
matic str.), 1568 (C=C alkenyl str.), 811 (C-F), 765 (C-Cl). 1H-NMR (500 
MHz, CDCl3) , ppm: 8.10 (1H, d, J=15.5 Hz, H-2), 7.73 (1H, d, J=9.0 
Hz, H-6’’); 7.33 (1H, d, J=15.5 Hz, H-3), 7.28 (1H, s, H-4’), 7.22 (1H, dd, 
J=7.3 Hz, 9.0 Hz, H-3’’), 7.07 (1H, ddd, J=2.5 Hz, 8.5 Hz. 16.5 Hz, H-5’’). 
13C NMR (125 MHz, CDCl3) , ppm: 185.4 (C-1), 164.5 (C-4’’), 139.5 (C-
2’’), 137.5 (C-1’’), 136.7 (C-6’’), 131.5 (C-5’), 129.2 (C-4’), 127.1 (C-2’), 
125.6 (C-3), 117.8 (C-3’), 117.6 (C-3’’), 115.02 (C-5’’), 114.8 (C-2). CHN 
Elemental analysis for C13H6Cl3FOS: Calculated: C, 46.52%; H, 1.80%; 
Found: C, 46.71%; H, 1.74%.
 (E)-3-(2’’-chloro-6’’-fluorophenyl)-1-(5’-chlorothiophen-2’-yl)prop-2-
en-1-one, 6 
Yield: 89%. Color: white solid; mp: 144-146°C. MW: 301.16. IR (cm-1): 
3106 (Csp

2-H str.); 1650 (C=O str.), 1598 (C=C aromatic str.), 1575 (C=C 
alkenyl str.), 916 (C-F), 732 (C-Cl). 1H-NMR (500 MHz, CDCl3) , 8.05 
(1H, d, J=16.0 Hz, H-2), 7.65 (1H, d, J=4.0 Hz, H-4’), 7.62 (1H, d, J=16.0 
Hz, H-3), 7.32-7.35 (2H, m, H-3’’,4’’), 7.10 (1H, ddd, J=2.5 Hz, 7.0 Hz, 15.5 
Hz, H-5’’), 7.03 (1H, d, J=4.0 Hz, H-3’). 13C NMR (125 MHz, CDCl3) , 
ppm: 181.2 (C-1), 161.1 (C-6’’), 144.0 (C-1’’), 136.7 (C-5’), 134.2 (C-4’), 
131.7 (C-3), 131.0 (C-2’), 127.8 (C-3’), 127.0 (C-3’’), 126.2 (C-5’’), 121.8 
(C-2’’), 115.0 (C-2). CHN Elemental analysis for C13H7Cl2FOS: Calculated: 
C, 51.85; H, 2.34; Found: C, 51.71; H, 2.44.
(E)-3-(2’’-chloro-6’’-fluorophenyl)-1-(2’,5’-dichlorothiophen-3’-yl)prop-
2-en-1-one, 7 
Yield: 69%. Color: white solid; mp: 135-137°C. MW: 335.62. IR (cm-1): 
3109 (Csp

2-H str.), 1657 (C=O str.), 1591 (C=C aromatic str.), 1565 (C=C 
alkenyl str.), 883 (C-F), 742 (C-Cl). 1H-NMR (500 MHz, CDCl3) , 8.00 
(1H, d, J=16.0 Hz, H-3), 7.71 (1H, d, J=16.0 Hz, H-2), 7.31-7.70 (2H, m, 
H-3’’,5’’), 7.24 (1H, s, H-4’), 7.10 (1H, ddd, J=2.0 Hz, 7.0 Hz, 15.5 Hz, 
H-5’’), 13C NMR (125 MHz, CDCl3) , ppm: 183.7 (C-1), 163,2 (C-6’’), 
137.4 (C-1’’), 136.8 (C-5’), 135.0 (C-4’), 132.1 (C-2’), 131.1 (C-3), 129.7 
(C-3’), 127.1 (C-5’’), 127.0 (C-3’’), 126.2 (C-4’’), 121.8 (C-2’’), 115.0 (C-
2). CHN Elemental analysis for C13H6Cl3FOS: Calculated: C, 46.52%; H, 
1.80%; Found: C, 46.71%; H, 1.94%.
(E)-4-(3-(5’’-chlorothiophen-2’’-yl)-3’-oxoprop-1’-en-1’-yl) benzalde-
hyde, 8
 Yield: 82%. Color: yellow solid; mp: 260-262°C. MW: 276.74. IR (cm-1): 

3073 (Csp
2-H str.); 1647 (C=O str.), 1588 (C=C aromatic str.), 1526 (C=C 

alkenyl str.), 719 (C-Cl). 1H-NMR (500 MHz, CDCl3) , ppm: 10.06 (1H, 
s, H-1’’’); 7.95 (2H, d, J=8.25 Hz, H-2,6); 7.86 (1H, d, J=15.5 Hz, H-1’); 7.79 
(2H, d, J=8.25 Hz, H-3,5); 7.69 (1H, d, J=4.0 Hz, H-3’); 7.43 (1H, d, J=15.5 
Hz, H-2’); 7.05 (1H, d, J=4.0 Hz, H-4’’). 13C NMR (125 MHz, CDCl3) , 
ppm: 191.4 (C-1’’’), 180.5 (C-3’), 143.8 (C-2’’), 142.5 (C-1’), 140.5 (C-4), 
140.1 (C-5’’), 137.4 (C-1), 131.6 (C-3’’), 130.2 (C-3,5), 129.8 (C-4’’), 129.0 
(C-2,6), 123.1 (C-2’). CHN Elemental analysis for C14H9ClO2S: Calculat-
ed: C, 60.76%; H, 3.28%; Found: C, 60.71%; H, 3.34%. 

(E)-4-(3-(2’’,5’’-dichlorothiophen-3’’-yl)-3’-oxoprop-1’-en-1’-yl)
benzaldehyde, 9 
Yield: 86%. Color: yellow solid; mp: 173-175°C. MW: 311.19. IR (cm-1): 
3326 (Csp

2-H str.); 2837 (Csp3-H str.), 1596 and 1516 (C=O str.), 1454 
(C=C aromatic str.), 1418 (C=C alkenyl str.), 749 (C-Cl). 1H-NMR (500 
MHz, CDCl3) , ppm: 10.06 (1H, s, H-1’’’); 7.95 (2H, d, J=8.25 Hz, H-2,6) 
7.86 (1H, d, J=15.5 Hz, H-1’), 7.79 (2H, d, J=8.25 Hz, H-3,5), 7.43 (1H, d, 
J=15.5 Hz, H-2’), 7.22 (1H, s, H-4’’), 7.92 (1H, d, J=8.2 Hz, Ar-C-H=). 13C 
NMR (125 MHz, CDCl3) , ppm: 193.1 (C-1’’’), 183.5 (C-3’), 143.9 (C-1’), 
139.7 (C-4), 136.8 (C-2’’), 130.2 (C-1), 129.1 (C-2, 6), 129.0 (C-3,5), 127.2 
(C-4’’), 127.1 (C-5’’), 126.2 (C-3’’), 124.7 (C-2’’). CHN Elemental analysis 
for C14H8Cl2O2S: Calculated: C, 54.04; H, 2.59; Found: C, 53.91; H, 2.49.

(E)-3-(3-(benzyloxy)-4-methoxyphenyl)-1-(2,5-dichlorothiophen-3-
yl)prop-2-en-1-one, 10
Yield: 83%. Color: yellow solid; mp: 175-177°C. MW: 419.32. IR (, cm-1): 
3102 and 3028 (Csp

2-H str.); 2923 and 2833 (Csp3-H str.), 1643 (C=O str.), 
1571 (C=C aromatic atr.), 1506 (C=C alkenyl str.), 1137 (C-O), 1007 (C-S), 
812 (C-Cl). 1H-NMR (500 MHz, CDCl3) , ppm: 3.96 (s, CH3, 3H), 5.23 
(s, CH2, 2H), 6.93 (d, J=10.0 Hz, H-2, 1H), 7.12-7.49 (m, H-aromatic, 9H), 
7.65 (d, J=15.5 Hz, H-3, 1H). 13C-NMR (125 MHz, CDCl3) , ppm: 56.0 
(CH3), 71.2 (CH2), 111.5 (C-5’’), 112.9 (C-2’’), 121.5 (C-2), 124.0 (C-6’’), 
126.8 (C-3’’), 127.2 (C-5’), 127.2 (C-4’), 127.3 (C-1’’), 128.1 (C-2’’’,6’’’), 128.7 
(C-4’’’), 130.7 (C-3’’’,5’’’), 136.7 (C-1’’’), 138.0 (C-2’), 145.5 (C-3), 148.3 (C-
4’’), 152.4 (C-3’’), 183.8 (C-1). CHN Elemental analysis for C21H16Cl2O3S: 
Calculated: C, 60.15%; H, 3.85%; Found: C, 59.80%; H, 3.49%.

(E)-3-(3-(benzyloxy)-4-methoxyphenyl)-1-(thiophen-2-yl)prop-2-
en-1-one, 11
Yield: 78%. Color: yellow solid; mp: 170-173°C. MW: 350.43. IR (, cm-

1): 3022 (Csp
2-H str.), 2876 and 2845 (Csp3-H str.), 1649 (C=O str.), 1581 

(C=C aromatic str.), 1512 (C=C alkenyl str.), 1134 (C-O), 1010 (C-S). 
1H-NMR (500 MHz, CDCl3) , ppm: 3.95 (s, CH3, 3H), 5.23 (s, CH2, 
2H), 6.94 (d, J=8.0 Hz, H-2, 1H), 7.19-7.85 (m, H-aromatic, 11H), 7.77 
(d, J=15.5 Hz, H-3, 1H). 13C NMR (125 MHz, CDCl3) , ppm: 56.0 (CH3), 
71.3 (CH2), 111.6 (C-5’’), 113.2 (C-2’’), 119.5 (C-6’’), 123.2 (C-2), 127.43 
(C-4’’’), 127.6 (C-1’’), 128.1 (C-2’’’, 6’’’), 128.1 (C-3’’’, 5’’’), 131.5 (C-3’), 133.6 
(C-5’), 136.7 (C-1’’’), 144.1 (C-2’), 145.7 (C-3), 148.3 (C-4’’), 152.1 (C-3’’), 
182.0 (C-1). CHN Elemental analysis for C21H18O3S: Calculated: C, 
71.98%; H, 5.18%; Found: C, 71.77%; H, 5.39%.

Cell cultures and treatments 
The MCF-7, MDA-MB-231, and MCF-10A cells were purchased from 
the American Type Culture Collection (ATCC, USA). MCF-7 cells were 
cultured in Roswell Park Memorial Institute-1640 (RPMI-1640) medium 
with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. MDA-
MB-231 was cultured in Dulbecco’s Modified Eagle Medium (DMEM) 
medium with high glucose, 10% fetal bovine serum (FBS), and 1% penicil-
lin/streptomycin. The MCF-10A cells were cultured in DMEM/F12 with 
phenol red solution supplemented with 5% horse serum, 10 µg/mL hu-
man insulin, 20 ng/mL hEGF enzyme, 0.5 µg/mL hydrocortisone, and 1% 
penicillin/streptomycin. Samples (AL1-AL18) were dissolved in Dimethyl 
Sulphoxide (DMSO) at a stock concentration of 10000 µg/mL and kept at 
-20°C until use. A stock solution of 10 mM of tamoxifen (Nacalai Tesque, 
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Japan) was prepared in ethanol, and cisplatin (5 mg/mL, 1.67 mM) with 
the purity of ≥ 98.0% (T) (Merck, Germany) was prepared in 0.9% sodium 
chloride, then stored at -20°C until use (Figure 1) (Chuen CS, Pihie AH, 
2004).

MTT assay (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
Bromide)
In the present study, the MTT cell proliferation assay (Merck Millipore, 
Germany) cell was used to determine the anti-proliferative effect of 1-11 
against MCF-7, MDA-MB-23, and MCF-10A. All cells were seeded in 96-
well plates with densities of 1 × 104 cells/well, and left to grow and ad-
here overnight. The cells were treated with a series of concentrations of 
1-11 (0-100 µg/mL), using the cell culture medium as a negative control. 
In contrast, tamoxifen and cisplatin were used as a positive control. For 
this analysis, all cells were incubated with respective treatment for 24-72 
hours at 37°C in a 5% CO2 incubator. A standard MTT assay step fol-
lowing Merck Millipore’s instructions. Briefly, cells were then labeled with 
freshly prepared MTT reagent, which has a yellow color. The plates were 
then incubated at 37°C for 4 hr. The media was removed, and DMSO was 
added to solubilize the resulting formazan crystals, which have a purple 
color (Riss TL, et al., 2016). Further analysis was performed using Graph-
Pad Prism. The absorbance was recorded using a microplate reader at 570 
nm (PowerWave XS, BioTek). 
(O.D. treatment-O.D. blank)/(O.D. untreated cell-O.D. blank)  100 
(Equation 1)
Assessment on the effect of compounds 1-11 on cell proliferation was re-
peated thrice independently where all samples, controls, and blanks were 
prepared in triplicates. The inhibitory concentration of 1-11 to inhibit 50% 
growth (IC50) was generated from each cell line's dose-response curves. 
Selectivity Index (SI) 

The degree of selectivity for compounds 1-11 was expressed by its selec-
tivity index (SI), calculated based on Equation 2, which was adapted based 
on the method reported by Badisa RB, et al. (Musa MA, et al., 2010) with 
minor modification (Badisa RB, et al., 2009).
SI=IC50 normal cells/IC50 cancer cells  (Equation 2)

RESULTS AND DISCUSSION
Molecular docking 
The behavior of all the 11 thienyl chalcone compounds has been compared 
with the tamoxifen. To be an effective drug, a compound must have opti-
mum hydrophilic and hydrophobic properties to be transported in 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 bioavailability. Too 
many hydrogen bond donors contribute to low-lipophilicity, leading to the 
drug’s inability to cross the cell membrane. A simple 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 less than 500 g/mol; and (iv) octanol-water par-
tition coefficient (log P) less than 5 (Zhang MQ, Wilkinson B, 2007). In-
terestingly, eight out of the 11 thienyl chalcone derivatives complied with 
Lipinski’s rule, as shown in Table 1. Moreover, Table 1 displays the comput-
ed scores of docking between the estrogen receptor alpha (ER α) structure 
(receptor) and all the eleven synthesized compounds (ligands). The more 
negative value shows a high probability of interaction between the ligand 
and the receptor. As expected, all the eleven thienyl chalcone derivatives 
entered the ER α pocket as the tamoxifen and possessed varying scores 
with the enclosed amino acids.
In Table 1, all the compounds tested showed a good affinity to the active 
site of ER α with free binding energy ranging from -10.32 to -7.20 kcal/
mol. Remarkably, compounds 5 and 8 displayed free binding energy of 
-10.32 kcal/mol and -10.27 kcal/mol, respectively, which indicated the low-
est free binding energy than other derivatives. Both compounds formed a 
strong interaction in the ER α active site, similar to Tamoxifen. The inhib-
ition constant (Ki) of compounds 5 and 8 was found to be similar with that 
of Tamoxifen, with the hydrophobic interactions formed with the aromatic 
rings and the butenyl group. Moreover, a salt bridge interaction (H-bond 
and ionic bond) was also observed between the tertiary amine and the car-
boxylic acid group in ASP351, which is considered the most potent form 
of interaction inside the binding site. 

Discovery Studio Visualizer 16.1.

Compound M.W (g/mol) Log P H-bond donor H-bond acceptor FBE (Kcal/mol) Inhibition 
constant Ki mm 

(Micromolar)
1 317.59 3.26 0 2 -7.2 5.28
2 352.02 3.58 0 2 -8.01 1.35
3 352.05 5.37 0 1 -8.4 0.693
4 301.16 4.66 0 1 -8.28 0.857
5 335.62 4.97 0 1 -10.32 0.031
6 301.16 4.66 0 1 -7.63 2.56
7 335.62 4.97 0 1 -8.24 0.918
8 276.74 3.69 0 2 -10.27 0.03
9 311.19 4 0 2 -8.29 0.84

10 419.32 5.78 0 3 -9.64 0.085
11 350.43 5.05 0 3 -8.46 0.627

Tamoxifen 371.51 6.07 0 2 -10.4 0.033

Table 1: Chemical properties based on Lipinski's rule (rule of 5), Free Binding Energy (FBE) with the inhibition constant (Ki) of all 11 thienyl 
chalcone derivatives, and the tamoxifen (control)

Figure 5  shows the docked pose

Biovia 
of estrogen receptor alpha (ER Th) using tamoxifen in the binding site 
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Several studies have demonstrated that the biological activity of tamoxifen 
as an antagonist to ER α was moderate compared to 4-hydroxytamoxifen. 
The inhibition potential of 4-hydroxy tamoxifen was 30-100 times more 
efficacious than tamoxifen against breast cancer line MCF-7 (Zhong Q, et 
al., 2015; Maximov PY, et al., 2018; Molina L, et al., 2020; Fröhlich T, et 
al.
critical amino acid interactions inside the active site of ER α that are liable 
on the activity. Interaction with ASP351 is responsible for ligand activity, 
while to be potent, a ligand should form H-bond with the residue ARG394 
and/or GLU353 in the active site (Kelly PM, et al., 2017; Luo G, et al., 2017; 
Shtaiwi A, et al., 2019). 
Based on the main interactions between tamoxifen and ER α, a new design 
of thienyl chalcone derivatives has been launched by adding various halo-
gens in the aromatic rings. The findings have shown that the aromatic ring 
in compound 5 and 8 formed hydrophobic interactions in the binding site 
of ER α which were found to be substantially similar to Tamoxifen (Figure 
6). The docking results of compound 5 formed the pi-anion bond with 
GLU353 and another hydrogen bond with TRP393 at a distance of 2.15 
Å. Strikingly, the thiol group in compound 8 formed one covalent bond 
(disulfide bond) with the thiol group of MET42. This improved and stabil-
ized the interaction within the active site for a long time, which is essential 
and needed to inhibit the activity of ER α. As a result, compounds 5 and 
8 exhibited the hydrogen bond interaction with the ARG394 in the ER α 
active site, which explained their cytotoxic activity in-vitro assay.

Structure confirmation
The synthesis of thienyl chalcone derivatives was accomplished via the 
Claisen-Schmidt condensation reaction. The proposed mechanism for this 
reaction is shown in Figure 7. In step (1), deprotonation of α-carbon gen-
erates the enolate, which forms the resonance-stabilized structure. The nu-
cleophilic attack of this enolate at the electrophilic carbon of benzaldehyde 
in step (2), followed by protonation in step (3) forms a -hydroxy carbonyl. 
Dehydration of the product through E1CB pathway in step (4) involves the 
abstraction of the acidic hydrogen at the -carbon to form a carbanion. 
The electron on the carbanion moves to form a double bond while cleaving 
the leaving group (OH) in step [5], which gave a good yield of chalcone.

Chalcone 1 is used as a representative compound for structure confirma-
tion. The IR spectrum of chalcone 1 (Figure 8) shows one weak absorption 
band at 3067 cm-1, assigned for the Csp

2-H stretching. The absorp
tion bands at 1664 cm-1 and 1582 cm-1 for the C=O and C=C alkenyl, re-
spectively, confirmed the ,-unsaturated moiety of the chalcone while 
other bands at 1588 cm-1, 778 cm-1 and 693 cm-1 were assigned to the C=C 
aromatic, C-Cl and C-Br stretchings, respectively.
In Figure 9, the 1H NMR spectrum of chalcone 1 shows six signals includ-
ing two doublets at δH 7.22 and 7.46 (H-2 and H-3), assigned for the al-
kenyl protons which indicated the presence of a trans geometrical isomer. 
This was confirmed based on the coupling constant value of J=15.5 Hz. 
Four other signals were ascribed to the aromatic protons, two doublets of 
the thiophene ring at δH 7.02 and 7.62 (H-3’ and H-4’), and two doublets 
of the furan ring at δH 6.40 and 6.68 (H-3’’and H-4’’).

Figure 5: The docked pose of tamoxifen in the binding site of estrogen receptor alpha (ERα): (a) 3D docked interaction, (b) 2D 
interaction, (c) 2D docked complex using Ligandscout 4.3. The green color represents the carbon atoms in the tamoxifen scaffold, 
red for oxygen and sky blue for nitrogen atom

Figure 6: The best predicted binding poses of (a) 2D- and (b) 3D-mo-
lecular structure interaction of compounds 5 and 8 with 3ERT.PDB.  
In the scaffold, green color represents the carbon atoms, red for ox-
ygen, sky blue for fluorine, dark blue for chlorine, and pale blue for 
the nitrogen atom

Figure 7: Proposed mechanism of base-catalyzed thienyl chalcones 
derivatives preparation
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In Figure 10, the 13C-NMR spectrum of chalcone 1 shows eleven carbon 
signals. Four carbons for the thiophene ring, C-5’(144.2), C-2’(139.9), 
C-4’(131.3) and C-3’(127.8), four carbons for the furan ring, C-2’’(153.2), 
C-5’’(126.2), C-4’’(118.2) and C-3’’(114.7)), two carbons for the alkene 
group, C-2(118.7) and C-3(128.9) and a carbonyl carbon in the most 
downfield region, C-1(180.5).

The DEPT experiment differentiates between CH, CH2 and CH3 groups 
by variation of the selection angle parameter. The 45° angle gives all carbons 
with the attached protons (regardless of number) in the positive phase. So, 
DEPT-45 shows all the carbons, The 90° angle (DEPT-90) shows only the 
CH while the others are suppressed. A complete assignment of all carbon 
signals of mono-chalcone 1 was done using DEPT-90 which showed the 
methine (CH) carbons as positive signals. In Figure 11, two alkenyl and 
four aromatic protons appeared as four signals in the positive phase while 
no carbonyl carbon signal was observed as it is a quaternary carbon.

¹H-¹H Correlation Spectroscopy (COSY) shows the correlation between 
hydrogens which are coupled to each other in the ¹H NMR spectrum. 
The ¹H spectrum is plotted on both 2D axes. While 2-bond and 3-bond 
¹H-¹H coupling is easily visible by COSY, long-range coupling can also be 
observed with long acquisition times. The HSQC (Heteronuclear Single 
Quantum Coherence) experiment is used to determine proton-carbon 
single bond correlations, where the protons lie along the observed F2 (X) 
axis and the carbons are along the F1 (Y) axis. The HMBC (Heteronuclear 
Multiple Bond Correlation) experiment gives correlations between car-
bons and protons that are separated by two, three, and, sometimes in con-
jugated systems, four bonds. Direct one-bond correlations are suppressed. 
This gives connectivity information much like a proton-proton COSY. 
Figure 12 shows the 2D NMR of 1H-1H COSY correlation in which H-3’’ 
coupled with H-4’’, while H-4” coupled with H-3”. The H-3’ coupled with 
H-4’, while H-4 coupled with H-3’, while H-2 coupled with H-3, and H-3 
coupled with H-2.

Figure 13 shows a correlation between carbon and its proton for chalcone 1. 
The HSQC (Heteronuclear Single Quantum Coherence) experiment pro-
vides a direct proton-carbon correlation. Based on the spectrum in Figure 
9, the protons at H 7.62 (H-4’), 7.40 (H-3), 7.22 (H-2), 7.02 (H-3’), 6.68 
(H-4’’) and 6.40 (H-3’’) showed correlations with C-4’ (131.3), C-2 (128.9), 
C-3 (118.2), C-3’ (127.8), C-4’’ (118.7), and C-3’’ (114.7), respectively.

Figure 8: IR spectrum of chalcone 1

Figure 11: DEPT-90 spectrum of mono-chalcone 1

Figure 9: 1H-NMR spectrum of chalcone 1 (500 MHz, CDCl3)

Figure 10: 13C-NMR spectrum of chalcone 1 (125 MHz, CDCl3)

Figure 12: COSY (1H-1H) spectrum of chalcone 1

Figure 13: HSQC spectrum (1H-13C of a direct coupling) of chalcone 1
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Figure 14 of the HMBC (1H-13C of a long-range coupling) showed the 
cross-peaks between H-4’ with C-5’(144.2), C-2’(139.9), and C-2’’ (153.2). 
Several other cross-peaks observed were between H-3 with C-2’’ (153.2), 
and C-1 (180.5). between H-2 with C-2’’ (153.2), and C-1 (180.5), be-
tween H-3’ with C-5’(144.2), between H-4’’ with C-3’’(114.7), C-5’’(126.2), 
and C-2’’ (153.2), and finally between H-3’’ with C-5’’(126.2), and (C-2’’ 
(153.2). All these coupling data of chalcone 1 are summarised in Table 2.

Cytotoxicity activity 
The MTT assay was used to test the cytotoxic activity effect of all the newly 
synthesized thienyl chalcone derivatives, 1-11, against two breast cancer 
cell lines (MCF-7 and MDA-MB-231). The cytotoxic activity has also been 
assessed towards the normal breast cell line (MCF-10A) to evaluate the 
cytotoxic activity and the selectivity index toward the healthy tissue. The 
results indicated that some of the synthesized compounds exhibit moder-
ate to potent cytotoxic activity against the tested breast cancer cell lines. 
Based on the IC50 values of the tested compounds in Figure 15, the MTT 
assay showed that compounds 5 and 8 were the most active, while the re-
maining compounds were moderately active to inactive against the cancer 
cell lines tested. After 48 hours of exposure to compounds 5 and 8, signifi-
cant inhibition of cancer cell proliferation in the treated cells was observed 
compared to the control cells. Compound 5 was the most active against 
the MDA-MB-231 cancer cell line and demonstrated a potent cytotoxic 
activity with IC50 of 6.15 ± 1.24 M while compound 8 was the most ac-
tive against the MCF-7 cancer cell line with IC50 of 7.14 ± 2.10 M. The 
results of cell viability inhibition of 1-11 against different breast cancer cell 
lines shown in Figure 8 are summarized in Table 3. Most of the tested com-
pounds showed the lowest cell viability at 48 hours of incubation. On the 
other hand, cell viability increased at 72 hrs. This might be due to the pos-
sible propagation of the remaining uninfluenced cells. Furthermore, the 
improvement of cell viability after 48 hrs exposure suggests the anti-prolif-
erative effect of the tested compounds rather than cytotoxic effect toward 
breast cancer cell lines. 

The MTT assay findings displayed the cytotoxic activity of the synthesized 
compounds and their selectivity towards cancerous cells. Interestingly, 
compounds 5 and 8 showed good selectivity toward cancerous cell lines 
relative to a healthy cell. Compound 8 was found to be 14-fold less active 
towards normal human breast epithelial cells (MCF-10A) than MCF-7 
cells, while, compound 5 was found to be 6-fold less active toward the nor-
mal cell (MCF-10A) compared to MDA-MB-321. As a result, compounds 
5 and 8 showed better cytotoxic activity with high selectivity toward 
cancerous cells compared to tamoxifen. Previous studies have reported 
that the tamoxifen selectivity index of nearly one toward MCF-7 and 
MDA-MB-231. The promising cytotoxic activity and selectivity of com-
pounds 5 and 8 on MCF-7 and MDA-MB-231 cells encouraged further 
investigation of the cytotoxic activity through molecular mechanistic cell 
growth inhibition of cancer cells at the cellular level. The selectivity of all 
the tested compounds against the healthy cell line is presented in Figure 16. 
Based on the Structure-Activity Relationship (SAR) between the synthe-
sized compounds and the results of the cytotoxic assay, the electron-with-
drawing group on ring A and ring B is vital for cytotoxic activity (Figure 
17). Compounds 1 and 2 with furan ring substitution at carbon β to the 
carbonyl group demonstrated less cytotoxicity than phenyl substitution. 
The insertion of the halogen group (chloro) at the para position (5’) of the 
thiophene ring improves the activity only when ring B is phenyl. Further 
study of SAR has shown that the electron-withdrawing group position on 
the phenyl ring is essential (Wilcken R, et al., 2013). Compounds 5 and 
7 have two halogen atoms on the phenyl ring (chloro and fluoro) but at 
different positions. This dramatically changes the cytotoxicity results. The 
influence of chloro substituent was reported to increase the cytotoxic ac-
tivity of various chalcone compounds (Liew SK, et al., 2020). However, an 
aldehyde substituent at the para position of the phenyl ring in compound 
8 compensates for both fluoro and chloro since this carbonyl group is a 
more substantial electron-withdrawing group than halogen. Consequent-
ly, compounds 5 and 8 showed a significant cytotoxic activity due to the 
existence of well-established cytotoxic enhancer groups such as; carbonyl, 
fluoro, and chloro. 

Figure 14: HMBC spectrum (1H-13C of a long-range coupling) of chalcone 1

1D-NMR 2D-NMR
Proton 1H  δ (ppm) C δ (ppm) COSY (1H-1H) HSQC (1H-13C) HMBC (1H-13C)
H-3’’ 6.34(d, J=3.5 Hz, 

1H)
C-3’’ 114.7 H-4’’ C-3’’(114.7) C-5’’(126.2), 

C-2’’(153.2).C-3 118.1

C-4’’ 118.7

C-5’ 128.1

C-3’ 127.7

C-2 128.9

C-4’ 131.3

Table 2: Summary of COSY (1H-1H); HSQC (1H-13C of a direct coupling) and HMBC (1H-13C of a long-range coupling) of chalcone 1
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H-4’’ 6.72(d, J=3 Hz, 1H) C-2’ 139.9 H-3’’ C-4’’(118.7) C-3’’(114.7), 
C-5’’(126.2),

C-5’’ 144.2 C-2’’(153.2)
H-3’ 7.02 (d, J=4 Hz, 

1H)
C-2’’ 153.2 H-4’ C-3’(127.8) C-5’(144.2)

H-3 7.21(d, J=15Hz, 
1H)

C-1 180.5 H-2 C-3(118.2) C-2’’(153.2),  
C-1(180.5),

H-2 7.48(d, J=15.5 Hz, 
1H)

H-3 C-2(128.9) C-2’’(153.2), 
C-1(180.5).

H-4’ 7.66(d, J=4 Hz, 1H) H-3’ C-4’(131.3) C-5’(144.2), 
C-2’(139.9), 
C-2’’(153.2).

Note: ’-Functional groups; ’’-Lower state of quantum number

Figure 15: Cytotoxic activity expressed by IC50 values of thienyl chalcone derivatives, 1-11 against several cell lines (MCF-7 and 
MDA-MB-231). *P < 0.0001 vs. the control

Table 3: IC50 values and selectivity index of thienyl chalcone compounds, 1-11 against several cell lines (MCF-7, MDA-MB-231, and MCF-
10A)

Compounds Time (h) IC50(M) Selective index (IC50 in normal cells/
IC50 in cancer cells)

MCF-7 MDA-MB-231 MCF-10A MCF-7 MDA-MB-231
1 24 100 ± 0.01 58.89 ± 1.36 100 ± 0.01 1 1.7

48 38.1 ± 2.97 59.12 ± 1.41 100 ± 0.01 2.62 1.69
72 39.57 ± 2.87 60.03 ± 0.40 100 ± 0.01 2.53 1.67

2 24 47.19 ± 2.75 50.70 ± 0.58 100 ± 0.01 2.12 1.97
48 50.91 ± 1.36 57.32 ± 0.38 100 ± 0.01 1.99 1.74
72 64.6 ± 2.61 62.15 ± 1.64 100 ± 0.01 1.55 1.61

3 24 83.24 ± 3.83 33.66 ± 1.94 79.0 ± 6.35 0.95 2.35
48 20.27 ± 0.54 40.44 ± 1.08 44.69 ± 1.80 2.2 1.11
72 21.24 ± 1.11 42.33 ± 0.56 44.0 ± 1.16 2.07 1.04
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4 24 100 ± 0.01 66.12 ± 3.04 100 ± 0.01 1 1.51
48 26.36 ± 2.15 44.68 ± 1.03 100 ± 0.01 3.79 2.24
72 27.90 ± 1.47 43.87 ± 5.49 100 ± 0.01 3.58 2.28

5 24 34.55 ± 3.85 6.15 ± 1.24 44.03 ± 7.32 1.27 7.16
48 7.24 ± 0.33 6.26 ± 0.08 36.07 ± 2.08 4.98 5.76
72 7.79 ± 0.81 5.27 ± 0.98 30.7 ± 1.77 3.94 5.83

6 24 60.35 ± 0.16 42.68 ± 1.68 74.81 ± 4.87 1.24 1.75
48 59.35 ± 1.57 43.34 ± 1.52 71.36 ± 1.88 1.2 1.65
72 54.21 ± 3.77 50.69 ± 5.22 65.58 ± 1.76 1.21 1.29

7 24 61.25 ± 3.21 34.87 ± 8.67 100 ± 0.01 1.63 2.87
48 53.71 ± 1.24 35.72 ± 4.96 100 ± 0.01 1.86 2.8
72 54.59 ± 3.14 42.95 ± 5.97 100 ± 0.01 1.83 2.33

8 24 8.16 ± 0.87 18.22 ± 1.13 87.16 ± 4.01 10.68 4.78
48 7.14 ± 0.19 21.89 ± 1.01 100 ± 0.01 14 4.57
72 7.24 ± 2.10 21.58 ± 1.50 100 ± 0.01 13.81 4.63

9 24 100 ± 0.01 100 ± 0.01 100 ± 0.01 1 1
48 100 ± 0.01 100 ± 0.01 100 ± 0.01 1 1
72 100 ± 0.01 100 ± 0.01 100 ± 0.01 1 1

10 24 100 ± 0.01 100 ± 0.01 100 ± 0.01 1 1
48 100 ± 0.01 100 ± 0.01 100 ± 0.01 1 1
72 100 ± 0.01 100 ± 0.01 100 ± 0.01 1 1

11 24 100 ± 0.01 100 ± 0.01 100 ± 0.01 1 1
48 100 ± 0.01 100 ± 0.01 100 ± 0.01 1 1
72 100 ± 0.01 100 ± 0.01 100 ± 0.01 1 1

12 24 42.66 ± 2.19 43.03 ± 1.60 - - -
48 35.01 ± 3.28 34.19 ± 3.04 - - -
72 26.95 ± 3.01 23.36 ± 3.84 - - -

Note: MCF-7: Michigan Cancer Foundation-7; MDA-MB-231: MD Anderson with Model late-stage Breast cancer

Figure 16: The selectivity index of compounds 1-11, IC50 in non-cancerous MCF-10A cell line/IC50 in cancerous cell line (MCF-7, 
MDA-MB-231)

Figure 17: Structure-Activity Relationship of thienyl chalcone derivatives
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CONCLUSION
In this study, 11 new thienyl chalcone derivatives were synthesized via the 
Claisen-Schmidt condensation in basic media. These compounds were 
characterized by IR and NMR spectroscopic techniques and CHN ele-
mental analysis before being evaluated for their cytotoxicity activity against 
breast cancer cell lines MCF-7 and MDA-MB-231. The results showed that 
compound 5 exhibited significant cytotoxic activity with the IC50 values 
of 7.79 ± 0.81 M (MCF-7) and 5.27 ± 0.98 M (MDA-MB-231) while 
compound 8 displayed the IC50 values of 7.24 ± 2.10 M (MCF-7) and 
21.58 ± 1.50 M (MDA-MB-231) after 72 hr incubation. It can be con-
cluded that cytotoxicity studies for anticancer are significantly dependent 
on the number of the substituents attached to the thienyl chalcone scaffold 
whereby compound with more substituents tends to exhibit better antitu-
mor activities. The presence of electron-withdrawing groups was found to 
enhance the cytotoxicity to a certain degree. The chloro, fluoro, and car-
bonyl substituents on the phenyl ring of the synthesized compounds play 
an important role in cytotoxic enhancement compared to the furan ring.
The molecular docking analysis showed that a compound with a larger 
structure has an increasing number of bonds, leading to more interactions 
with the residues of amino acids in the active ER α site, which could have 
enhanced the antitumor activity. Furthermore, the docking scores showed 
that the binding energies of the synthesized compounds 5 and 8 to the ER 
α receptor were the best of all the synthesized derivatives. These findings 
were broadly compatible with the observed in vitro assay investigation. 
Therefore, further investigation on the molecular modeling and docking 
studies using AutoDock1.5.6 tools can be used to predict the best structure 
with the highest affinity to bind to the breast cancer cell line. Various inter-
actions between the designed compounds (ligands) and receptor active 
sites will be used to design new chalcone derivatives with better functions 
for anticancer drugs in the future.
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