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Background & Objective:  Chalcones are promising compounds in the 
pharmaceutical field due to their antioxidant and anticancer properties. The aim of 
this study was to synthesize two novel chalcone derivatives (A1 and A2) and evaluate 
their biological activities, including antioxidant potential and cytotoxicity against 
cancer cells. 

 Materials & Methods:  The chemical structures of compounds A1 and A2 were 
confirmed using spectroscopic techniques including Proton Nuclear Magnetic 
Resonance (1H-NMR), Gas Chromatography-Mass Spectrometry (GC-MS), and 
Ultraviolet-Visible (UV-Vis) spectroscopy. A hemolysis assay was conducted to 
assess biocompatibility. Antioxidant activity was measured using the DPPH radical 
scavenging assay at various concentrations (12.4-1000µg/ml). Cytotoxicity was 
evaluated against human breast cancer cells (MCF-7). 

Results:  Both A1 and A2 exhibited low hemolytic activity (4.09% and 3.99% 
respectively, at 100µg/ml), indicating good biocompatibility. Compound A1 exhibited 
more potent antioxidant activity than A2. Cytotoxicity assays demonstrated that both 
compounds were more toxic to MCF-7 cancer cells, with IC50 values for the produced 
compounds A1, A2, and Tamoxifen were 34.67µg/ml, 28.34µg/ml, and 15.48µg/ml, 
respectively, indicating potential selective anticancer activity. 

Conclusion:  Compounds A1 and A2 exhibited promising antioxidant and anticancer 
properties, with minimal hemolytic effects and selective toxicity toward cancer 
cells, making them potential candidates for further pharmaceutical development. 
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1. Introduction
    halcones are naturally occurring α, β-
unsaturated aromatic compounds widely 
distributed in plants, from ferns to higher plants 
(1). They are known for diverse biological 

activities, including cytotoxicity (2), analgesic, 
antipyretic, and anti-inflammatory effects (3), as well as 
antibacterial (4), antifungal, insecticidal (5), and 
antimutagenic properties (6). Structurally, chalcones 
consist of two aromatic rings linked by an, β-unsaturated 
carbonyl group, existing primarily as the E isomer (7, 8), 
and can be synthesized both naturally and artificially (9, 
10). Modern green chemistry approaches, such as 
microwave-assisted synthesis, enable thw rapid and 

efficient preparation of chalcone derivatives with high 
yield and purity (11-16). 

Despite the well-documented biological activities of 
chalcones, a need remains for the systematic design and 
evaluation of new derivatives with enhanced anticancer 
and antioxidant properties, particularly those targeting 
breast cancer cell lines. In this context, the current study 
focuses on the synthesis of two novel chalcone 
derivatives, A₁ and A₂, and the assessment of their 
anticancer, antioxidant, and hemolytic activities, 
addressing the gap in correlating structural modifications 
with biological efficacy. 
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2. Materials and Methods 
2.1 General Experiment Information 

In this study, chalcone derivatives were synthesized 
from N-(4-acetylphenyl) methanesulfonamide and 
various aldehydes, whereas terephthalaldehyde and 1H-
pyrrole-2-carbaldehyde. This study was conducted at the 
Research Laboratory of Chemistry, Department of 
Physiology, College of Veterinary Medicine, and 
University of Al-Muthanna. 1H-NMR spectra were 
recorded using a BRUKER spectrophotometer (300MHz) 
in the Laboratories of the College of Engineering in the 
Islamic Republic of Iran. Tetramethylsilane (TMS) is the 
standard liquid for expressing chemical alteration values 
in δ (ppm), and used with Dimethylsulfoxide-d6 as a 
solvent. At Sharif University of Technology in Tehran, 
Iran, researchers utilized an Agilent Technologies mass 
selective detector model 5973 to get the GC-MS spectra 
at 70 eV. 

2.2 Synthesis of (mono-bis) Chalcones (A1, A2) (17) 

(A) Traditional method: Equimolar amount of the 
reaction between 0.01 moles of N-(4-acetylphenyl) 
methanesulfonamide, 0.01 moles of various aldehyde in 
30 ml of ethanol, and a catalytic amount of sodium 
hydroxide (10%) produced the chalcones (A1, A2). With a 
magnetic stirrer, the mixture was mixed at 25 ⁰C for (4 
hours A1, 6 hours A2). After observing the reaction, 
vacuum evaporation is used to remove the solvent. The 
material was mixed with ice-cold water in a glass. The 
precipitate was also collected via filtration. Lastly, the 
products were recrystallized by a suitable solvent. 

(B) The use of microwaves to irradiate method: 
Equal quantity (0.01 mol) of 0.01 moles of various 
aldehyde, ethanol in small amounts (3 ml) was used for 
mixing and dissolving 0.01 moles. Aqueous sodium 
hydroxide (10%) was then added and blended with this 
solution. The entire reaction mixture was exposed to 180 
watts of microwave radiation for roughly 2 minutes A1, 
and 6 minutes A2. This is a list of all chalcone derivatives' 
spectrum data: 

N,N'-(3,3'-(1,4-phenylene)bis(acryloyl))bis(4,1-
phenylene))dimethansulfonami de(A1) 

Conventional method yielded 79%, microwave 
irradiation yielded 89%, it was made by reacting 
terephthalaldehyde (0.01mole, 1.34gm) compound with 
N-(4-acetylphenyl) methanesulfonamide (0.02mole, 
2.13gm), m.p=148-1490C using methanol, recrystallize. 

N-(4-(3-(1H-pyrrol-2-yl) 
acryloyl)phenyl)methanesulfonamide(A2) 

Conventional method yield 88%, microwave irradiation 
yield 91%, N-(4-acetylphenyl)methanesulfonamide, 
(0.01mole, 2.13gm) is synthesized by treating it with 1H-
pyrrole-2-carbaldehyde(0.01mole, 0.95gm), m.p=184-
1860C using chloroform, recrystallize. 

 

 

2.3 Hemolysis Assay 

The samples of healthy human blood were centrifuged 
at 1350 rpm for 10 minutes. To achieve the concentration 
of 2% w/v RBCs, the normal saline concentration (0.9%) 
was used for washing the (RBCs), equal amounts of 
distilled water and 0.9% normal saline (positive control) 
and the suspension was spread out using a 2% RBC 
suspension (1.25m) (negative control) A1 and A2 
Compounds at a concentration (25, 50, 75, 100µg/ml) 
were incubated at 370C for three hours with (1.25ml) of 
normal saline and (1.25ml) of 2% RBCs (18). At (900 
rpm), the sample was centrifuged for 12min, and the 
hemolytic ratio (HR) was evaluated by using the 
supernatant. Liberated hemoglobin concentration was 
valued by scaling the absorbance of the supernatant 
solutions at 538nm. The following equation was used for 
calculating HR (19): 

Hemolysis (%) = (Ds − Dn)/(Dw − Dn) × 100 

Ds: the absorbance of the sample 

Dn: the absorbance of the saline  

Dw: the absorbance of the distilled water 

2.4 Antioxidant Action 

Amount of 2ml of the compound solution prepared was 
mixed at a concentration of (12.4, 50, 200, 400, 750, 800, 
1000µg/ml) with 2ml of a solution of (2, 2-Dipheny-l-
Picrylhydrazyl) (DPPH) prepared at a concentration of 
(0.004g) 40ppm in 100ml of a mixture of methanol and 
dimethyl sulfoxide in a ratio of 1:1) and the mix was left 
in the dark for a while. After two hours, the absorbance 
was recorded using a spectrometer in the visible and 
ultraviolet regions at a wavelength of 517nm (20). 
Positive control was used as a standard solution, which is 
Ascorbic acid (21). The action of the compounds was 
expressed as a percentage of inhibition of free radicals 
using the following equation was calculated.  

DPPH radical scavenging activity (%) = (Abs control - 
Abs sample/ Abs control) × 100 

Were 

Abs Control =absorbance of DPPH radical + methanol: 
DMSO (1:1) 

Abs Sample = absorbance of DPPH radical + sample 

2.5 Docking Studies 

Computational docking studies were performed using 
MOE (Molecular Operating Environment, version 2015).  
The crystal structure of EGFR (PDB ID: 1XKK) was 
retrieved from the Protein Data Bank 
https://www.rcsb.org/. Water molecules and the co-
crystallized ligand were removed, and hydrogen atoms 
were added. The protein structure was energy-minimized 
using the MMFF94x force field to relieve steric clashes. 

Ligands (chalcone derivatives A₁ and A₂) were 
prepared via energy minimization and generation of 
multiple conformations. Docking was performed using 
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the Triangle Matcher placement method, and the top 10 
poses were evaluated using the London dG scoring 
function. The best-scoring pose for each ligand was 
selected for further interaction analysis, including 
hydrogen bonds, hydrophobic interactions, and π–π 
stacking with key active site residues. 

2.6 In Vitro Anti-breast Cancer Activity 

MCF-7 cells (human breast cancer cell line) were 
obtained from the National Cell Bank of Iran (Pasteur 
Institute, Iran) and cultured in RPMI-1640 medium 
(Gibco) supplemented with 10% FBS and antibiotics (100 
U/mL penicillin, 100 μg/mL streptomycin) at 37 °C in 5% 
CO₂. Cells were passaged using trypsin/EDTA and PBS. 
For cytotoxicity assessment, the MTT assay was 
employed. Briefly, cells were seeded in 96-well plates at 
1.4 × 10⁴ cells/well and allowed to attach for 24 h. Cells 
were then treated with compounds at concentrations of 
6.25–400 µg/mL for 24 h. Following treatment, 200 µL of 
MTT solution (0.5 mg/mL in PBS) was added and 
incubated for 4 h at 37 °C. The supernatant was removed, 
and chalcone compounds were solubilized in 100 µL 
DMSO. Absorbance was measured at 570 nm using an 
ELISA reader (BioTek, USA). IC₅₀ values were 
calculated from dose-response curves (22). 
 

3. Result 
3.1 Chemistry 

Chalcone compound characterization 

Chalcones are a family of polyphenolic chemicals 
obtained from plants called flavonoids. According to 
studies, several chalcones exhibit a range of 
cytoprotective and modulatory properties that may have 
therapeutic value in treating various disorders. Their 
physicochemical characteristics appear to determine how 
active they are biologically. (Mono-bis) Chalcones (A1, 
A2) are synthesized from N-(4-acetylphenyl) 
methanesulfonamide, various aldehydes, and the presence 
of sodium hydroxide (10%) (23); as shown in Figure 1. 
Chalcone is produced using the Claisen-Schmidt 
condensation process, which involves an acid or base 
catalyst-assisted cross-aldol condensation of aldehydes 
and ketones, followed by a dehydration reaction (24). The 
general mechanism of these reactions is described in 
Figure 2.  

3.2 Spectroscopic Studies 

3.2.1 1H-NMR spectral for (mono-bis) chalcones (A1, 
A2) 

Some representative 1H-NMR spectra of the (mono-bis) 
chalcones (A1, A2), as shown in Figures 3 and 4. The 1H-
NMR spectra of A1 showed a signals singlet at chemical 
shift δ (s, 3.35ppm, 6H) for protons of the methyl group 
(CH3). Also showed a singlet signal at chemical shift δ (s, 
12.63ppm, 1H) for amine proton (NH). It exhibited a 
doublet signal at δ 7.63(2H, d, J=9Hz, CO=CH), 8.20(1H, 
d, J=9Hz, Ar-C=H). Finally, the spectrum showed 
multiple signals at chemical shift δ (m, 7.51-7.87ppm, 

12H) for aromatic proton (25). The 1H-NMR spectra of 
A2 showed signals singlet at chemical shift δ (s, 3.47ppm, 
3H) for protons of the methyl group (CH3), and showed a 
singlet signal at chemical shift δ (s,10.28ppm, 1H) for 
protons amine (NH). Also showed a singlet signal at 
chemical shift δ (s, 10.32ppm, 1H) for amine proton (NH). 
It exhibited a doublet signal at δ 7.54(1H, d, J=9Hz, 
CO=CH), 7.72(1H, d, J=9Hz, Ar–C=H), finally the 
spectrum showed signals multiple at chemical shift δ(m, 
6.86-7.67ppm, 12H) for aromatic proton (26). 

3.2.2 Mass spectra for (mono-bis) chalcones (A1, A2) 

The mass spectrum of N,N'-(3,3'-(1,4-
phenylene)bis(acryloyl))bis(4,1-phen 
ylene))dimethanesulfonamide(A1). Showed the 
molecular ion peak at m/z=524, and shown the important 
fragmentation peaks in 65.1m/z, 92.1m/z, 119.1m/z, 
165.1m/z, 214.1m/z, 257.1m/z, 331.1m/z, 364.1m/z, 
399.1m/z (27). The mass spectrum of N-(4-(3-(1H-pyrrol-
2-yl)acryloyl)phenyl)methanesulfonamide (A2). showed 
the molecular ion peak at m/z=290 shown the important 
fragmentation peaks in 51.1m/z, 77.1m/z, 104.1m/z, 
121.1m/z, 148.0m/z, 167.0m/z, 195.0m/z, 207.1m/z , 
240.0m/z (28). As shown in Figures 5 and 6. 

3.2.3 UV–Vis spectra for (mono-bis) chalcones (A1, 
A2) 

The functional group (-C=O-CH=CH-) usually absorbs 
at the wavelength range from (208-328) nm (n-π*, π-π*), 
as shown in Figures 7 and 8. The electronic spectrum of 
compound A1 exhibits transitions at 342.50, 304.50, and 
293.50nm, respectively; these bands may be due to n-π* 
of (-C=O-CH=CH-) and π-π* transition. The electronic 
spectrum of A2 also exhibits three transitions at 319.00, 
302.00, and 266.50nm; all these transitions may be due to 
n-π* and π-π*, respectively (29). 

3.3. Thin-layer Chromatography (TLC) for (mono-
bis) chalcones (A1, A2) 

TLC was used to determine the end of the synthesis of 
chalcones was identified using TLC, and the value of Rf 
was calculated every 30 minutes. Each response comes 
from a single, obvious channel. 

3.4. Hemolysis Study for (mono-bis) chalcones (A1, 
A2) 

The amount of hemoglobin released from the RBCs 
was used to assess the hemolysis ratio of synthetic 
chalcone derivatives (30). Compounds A1 and A2 had 
hemolysis ratio percentages of 4.09% and 3.99%, 
respectively, at a concentration of 100µg/ml. All 
chalcones had hemolysis ratio percentages of less than 
10%; this finding suggests that using them in the human 
body in this form is safe. As shown in Table 1 and Figure 
9. 

3.5 Antioxidant activity for (mono-bis) chalcones 
(A1, A2) 

It is common practice to test the capacity of synthetic 
compounds to function as free radical scavengers and to 
gauge antioxidant activity using the standard and stable 
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free radical known as DPPH (31). Accepting an electron 
or hydrogen lowers the DPPH intensity. DPPH radical 
scavenging assays are used to measure the in vitro radical 
scavenging capacities of A1 and A2. By turning the initial 
deep purple DPPH solution into a yellow tint, we could 
determine how active the samples were when they were 
less active. As shown in Table 2, the antioxidant activity 
of the samples is assessed and contrasted with that of the 
reference antioxidant ascorbic acid. A1 exhibits 89.78-
30.78%, A2 exhibits 77.45-25.99%, and conventional 
ascorbic acid exhibits 98.67-89.78% at concentrations of 
12.4-1000μg/ml. When compared to the conventional 
vitamin C, the aforementioned reported activity is lower 
than that of the A1 and A2 (32). Figure 10 displays the 
results for the DPPH free radical scavenging activity of 
the A1, A2, and standard (sorbic). 

3.6 Docking Studies of (mono-bis) chalcones (A1, A2) 

 To determine whether chemicals may bind to a specific 
protein (PDB: 1XKK) and thereby prevent breast cancer, 
the software MOE 2015 was utilized. Wethen tested these 
compounds in vitro, as they showed vigorous activity 
against the examined protein. Protein binding to these 
produced compounds is seen in Figure 11 and Table 3. 

 

3.7 In Vitro Anti-breast Cancer Activity for (mono-
bis) chalcones (A1, A2) 

 The present study demonstrates that the growth 
inhibition percentage gradually increases with rising 
concentrations of the three compounds (Tamoxifen, A1, 
A2) as shown in Table 4, indicating a directly proportional 
relationship between concentration and anticancer activity 
(33). Tamoxifen exhibited high efficacy across all tested 
concentrations, achieving over85% inhibition at 100 
µg/ml and exceeding 97% even at the lowest 
concentration (6.25 µg/ml). This is expected, as 
Tamoxifen is a well-known and effective drug against 
MCF-7 cells and was used here as a positive control. 
Compound A1 demonstrated potent inhibitory activity 
that increased with concentration, ranging from 47.45% at 
400 µg/ml to 96.17% at 6.25 µg/ml. Notably, its efficacy 
at lower concentrations became very close to that of 
Tamoxifen, suggesting the potency and high cytotoxicity 
of this compound against cancer cells (34). 

Compound A2 showed lower efficacy than A1 at most 
concentrations; however, it still possessed a notable effect, 
achieving an inhibition percentage of 95.87% at 6.25 
µg/ml. This indicates that both compounds possess 
anticancer properties, with a slight superiority of A1 at 
medium and low concentrations (35), as shown in Figure 
12. 

 

Table 1. The results of the hemolysis ratio (%) for (mono-bis) chalcones (A1, A2) at different concentrations. 

No 
HR (%) 

25µg/ml 50µg/ml 75µg/ml 100µg/ml 

A1 0.45% 0.99% 2.01% 3.99% 

A2 0.63% 1.85% 2.67% 4.09% 

 
 

Table 2. DPPH Radical Scavenging Activity of the Synthesized Compound. 

% RSA (radical scavenging activity) at seven different concentrations(μg/ml) No 

1000μg/ml 800μg/ml 750μg/ml 400μg/ml 200μg/ml 50μg/ml 12.4μg/ml 

89.78 85.65 76.78 66.45 63.12 44.90 30.78 A1 

77.45 67.31 57.89 50.43 43.98 38.06 25.99 A2 

98.67 96.91 95.23 93.34 91.45 89.56 88.56 Sorbic 
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Table 3. Docking parameters of the binding of (mono-bis) chalcone compounds with the Epidermal Growth Factor Receptor 
[EGFR] protein. 

No ID 
Binding Energy 

(kcalmol−1) 
rmsd-refine E(kal/mol) Interaction Distance Bonding 

A1 1XKK -9.4854 0.6929 

-4.0 H-acceptor 2.79 
Ala722: N 

Lig:  O 

-0.7 Pi-H 4.53 
Val726: CG1 

Lig: 6-ring 

A2 1XKK -9.0573 1.7203 -2.0 H-acceptor 2.99 
Cys797: N 

Lig:  O 

 
 

Table 4. Growth inhibition percentages of Anticancer and cytotoxicity (MCF-7 cell line) against different concentrations of (mono-
bis) chalcones (A1, A2) compounds. 

MCF-7 cell line 

Conce. A2 A1 Tamoxifen 

Mean± SD Mean± SD Mean± SD 

95.87 ±0.35d 96.17 ±0.41d 97.72 ±0.99b 400μg/ml 

89.78 ±4.85d 95.33±0.68d 96.60 ±1.04b 200μg/ml 

75.12 ±5.01c 94.60±3.05d 95.33 ±2.88b 100μg/ml 

63.27 ±2.89b 84.68±2.47c 94.14±1.11b 50μg/ml 

55.48±1.47b 64.12±3.57b 85.38 ±1.18b 25μg/ml 

50.50±2.67a 53.55±0.47a 73.15±4.56a 12.50μg/ml 

42.71±2.77a 47.45±4.63a 67.94±2.03a 6.25μg/ml 

 

 
Figure 1. Synthesis of (mono-bis) chalcones (A1, A2) (Prepared by Authors, 2025). 
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Figure 2. Mechanism of formation of chalcones (Prepared by Authors, 2025). 

 

 
Figure 3. 1H-NMR spectrum (300MHz) of N,N'-(3,3'-(1,4-phenylene)bis(acryloyl)) bis(4,1-phenylene))dimethanesulfonamide(A1) 

(Prepared by Authors, 2025). 

 

 
Figure 4. 1H-NMR spectrum (300MHz) of N-(4-(3-(1H-pyrrol-2-yl)acryloyl)phenyl) methanesulfonamide(A2) (Prepared by 

Authors, 2025). 
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Figure 5. Mass spectrum of N,N'-(3,3'-(1,4-phenylene)bis(acryloyl))bis(4,1-phenyl ene))dimethan esulfonamide(A1). (Prepared by 

Authors, 2025). 

 

 
Figure 6. Mass spectrum of N-(4-(3-(1H-pyrrol-2-yl)acryloyl)phenyl)methanesulfon amide(A2) (Prepared by Authors, 2025). 
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Figure 7. UV spectra of N,N'-(3,3'-(1,4-phenylene)bis(acryloyl))bis (4,1-phenylene)) dimethanesulfonamide(A1) (Prepared by 

Authors, 2025). 

 

 
Figure 8. UV spectra of N-(4-(3-(1H-pyrrol-2-yl)acryloyl)phenyl)methanesulfon amide(A2) (Prepared by Authors, 2025). 

 

 
Figure 9. Measurement of hemolysis for (mono-bis) chalcone compounds towards blood cells at different concentrations (Prepared 

by Authors, 2025). 
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Figure 10. Radical scavenging activity (RSA) for the synthesized compounds (Prepared by Authors, 2025). 

 

 
Figure 11. The interaction mode of compounds (A1, A2) with active site amino acids of the protein (PDB 1XKK) (Prepared by 

Authors, 2025). 

 

 
Figure 12. Anti-proliferative activity in cancer cells (MCF-7 cell line). Cultured with various concentrations of (mono-bis) chalcones 

(A1, A2) compounds after 24 hrs. The results are presented as the means ± SD. p<0.05 (Prepared by Authors, 2025). 
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4. Discussion
The synthesis of mono- and bis-chalcone derivatives 

(A1 and A2) molecules is reported in this work. According 
to (1H-NMR), (GC-MS), and (UV-Vis), the products 
showed excellent biological potential, including 
antioxidant, low hemolytic toxicity, and anticancer effects 
against MCF-7 breast cancer cells. The hemolysis assay, 
with both A1 (4.09%) and A2 (3.99%) at 100µg/ml, 
demonstrated values far below the 10% cytotoxicity 
threshold in the hemolysis experiment, suggesting good 
biocompatibility and suitabilityfor systemic use, 
confirming high safety (36). Both chalcones demonstrated 
concentration-dependent antioxidant activity in the DPPH 
experiment, at 1000 μg/ml A1 (89.78%) beating A2 
(77.45%) (37). Free radicals are neutralized, and 
cytoprotective potential is provided by their enone and 
phenolic structures, which promote hydrogen donation 
(38). According to anticancer studies, both compounds 
suppressed MCF-7 cell growth proportionately at all 
concentrations, which was comparable to Tamoxifen. 
Where IC50 values for the produced compounds A1, A2, 
and Tamoxifen were 34.67µg/ml, 28.34µg/ml, and 
15.48µg/ml, respectively. The highest toxicity compound 
to MCF-7 cells was compound A1 (39). 

 The EGFR enzyme is a molecular target found in 
the tested MCF-7 cells. So, Chalcones were docked in an 
EGFR model to research their affinity and binding mode 
with the enzyme. The docked inhibitor (A1) was found to 
bind to the active site of the enzyme, suggesting that the 
studied compound may exhibit a competitive inhibition-
binding mode.  In terms of structure, mono-chalcone 
A2 had a single reactive site and reduced affinity (40), 
whereas bis-chalcone A1 showed greater potency due to 
its dual α, β-unsaturated ketone and methane sulfonamide 
groups, which improved multi-target interactions. 

 Both compounds' α, β-unsaturated ketone moiety 
functions as a Michael acceptor, creating covalent adducts 
with cysteine residues and causing cancer cells to undergo 
apoptosis (41). 
 

5. Conclusion 
The new chalcone compounds A1 and A2 were 

successfully synthesized by two different methods 
(conventional method and microwave irradiation) in good 
yields (79, 89-88, 91%). They demonstrated anti-
proliferative, anti-oxidant, and anti-breast cancer (MCF-
7) cell activities. Molecular docking studies further 
supported the experimental findings. The chemical 
structure of the synthesized compounds was 
demonstrated. Using 1HNMR, UV-Vis, and GC-MS, 
according to antioxidant experiments in vitro. The A1 
exhibits a potent DPPH radical antioxidant activity. The 
chalcones were more toxic towards the MCF-7 cells. 
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