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Abstract 

 Conventional and systemic treatments of breast cancer are commonly found to expose unexpected side effects. Thus, 

a new drug design is intensively explored to anticipate the related risks. This work aimed to synthesize and characterize 

the chalcone derivatives based on a cinnamaldehyde skeleton (9 - 12). Further biological assay of the derivatives against 

MCF-7 breast cancer cell lines and their molecular docking analysis was also performed to obtain a more potential 

chemical structure for the active compounds. Four compounds of a 2-Nitrocinnamaldehyde-based scaffold, 1-(4-

aminophenyl)-5-(2-nitrophenyl)-penta-2,4-dien-1-one (9), 1-(4-bromophenyl)-5-(2-nitrophenyl)-penta-2,4-dien-1-one 

(10), 5-(2-nitrophenyl)-1-(p-tolyl)-penta-2,4-dien-1-one (11), and 5-(2-nitrophenyl)-1-(pyridine-3-yl)-penta-2,4-dien-1-

one (12) were successfully synthesized with a chemical yield of 29 - 99 %. The synthetic method employed a one-pot 

Claisen-Schmidt coupling reaction using a NaOH/KOH base catalyst, while their characterization was based on 

spectroscopic data and literature comparison. An in-vitro MTT bioassay against MCF-7 cancer cells revealed the IC50 

values of the derivatives of 9, 10, 11, and 12 were 178, 376, >500, and 118.20 μg/mL, respectively. Molecular docking 

showed that the most potent compound in this series (12) had the lowest binding energy (–8.56 kcal/mol) and created an 

essential H-bond with hinge region residue, Met793. Docking-based structural optimization of 12 showed that 

incorporating 3 important pharmacophores commonly found in EGFR kinase inhibitors, fused heterocyclic, hydrophobic 

group, and propylmorpholine moiety, resulted in lower binding energy (–9.41 kcal/mol). Perhaps the modified 12 could 

exhibit a more potent toxicity against MCF-7.  
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Introduction 

Breast cancer is the 2nd most common cancer that 

causes death after lung cancer, suffered 100 times more 

by women than men [1]. Conventional treatment options 

for breast cancer include local treatments such as 

surgery and radiation therapy, which treat the tumor 

without affecting the rest of the body, and systemic 

treatments such as chemotherapy, endocrine therapy, 

targeted therapy, and immunotherapy, which virtually 

reach cancer cells anywhere [2]. In particular, 

chemotherapy is known to be effective in treating 

various types of cancer; [3] however, inadequate 

incidence of resistance, strong side effects, and efficacy 

are reported [4] and ultimately lead to death [5]. 

Therefore, new drug designs are needed to minimize the 

risk of unexpected side effects by developing active 

compounds or drugs through structure modification 

based on known or potent anti-cancer agents. The 

structural modification can be done by synthesis, in 

which the analogs will have pharmacological properties 

similar to the parent compound or even better 

pharmacological activity [6-9]. 
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Since the chalcone scaffold was often discovered 

in the template of medicinal chemistry for natural or 

synthetic drugs [9,10], it inspired further synthetic 

modification based on SAR to find more bioactive 

compounds. Chalcone derivatives generally 

demonstrated various bioactivities such as 

antiproliferative, antifungal, antibacterial, antiviral, 

antimalarial, anticancer, and antioxidant [10]. Further 

hybridization with a heterocyclic moiety appeared as 

promising future drug candidates with similar or 

superior activity compared to the standard [11]. The 

most classical and published synthetic method of 

chalcone employs Claisen-Schmidt condensation [12], 

which is a simple experimentally and highly efficient C-

C coupling with less restriction to the complexity of the 

target molecules [10]. Further modification of the 

chalcone structure with an unsaturated α,β-ketone 

compound, 2 aromatic rings (A and B), and 1 

unsaturated α,β carbon atom demonstrated increasing 

bioactivities. For instance, when the A ring contains 

ethyl, methyl, or alkyl groups, the B ring contains 

hydrophobic groups such as halogens, nitro, and cyano, 

as well as the double bond moiety [13]. 

According to Wang et al. [14], chalcone-

naphthalene substituted 3-hydroxy-4-methoxyphenyl 

(1) and 3-amino-4-methoxyphenyl (2) derivatives have 

the best toxicity against MCF-7 cells with IC50 

respectively 1.42 ± 0.15 and 2.75 ± 0.26 µM. Another 

chalcone compound containing mono methoxy 

substituent at the aromatic ring (3) has been reported to 

have anticancer activity against MCF-7 cells with an 

IC50 value of 19.15 µg/mL [15]. Based on research 

reported by Mai et al. [16], the methoxy-substituted 

chalcone compound (4) was also reported to be 

cytotoxic to MCF-7 cells with an IC50 value of 63.90 

µg/mL. In addition, chalcone with a trimethoxyphenyl 

group (5) was successfully synthesized and exhibited a 

cytotoxic effect with IC50 0.21 µM [17]. Further 

development of the chalcone derivatives inspired by an 

anti-cancer leinamycin was also performed by Weldon 

et al. [18] to result in cinnamylideneacetophenones 

derivatives with aryl substitutions employing modified 

Claisen-Schmidt condensation reaction. Potent 

cytotoxicity against MCF-7 breast cancer cells was 

exposed by the derivatives 6 1-(furan-2-yl)-5-(2-

nitrophenyl)penta-2,4-dien-1-one) and 7 5-(2-

nitrophenyl)-1-phenylpenta-2,4-dien-1-one) bearing a 

2-nitro group on the B ring with sub-micromolar 

cytotoxicity (IC50 = 71 and 1.9 nM) (Figure 1).

 

 

Figure 1 Various anticancer-based chalcone derivatives against MCF-7 breast cancer cells. 

 

In this work, we synthesized and characterized 4 

compounds based on the cinnamaldehyde skeleton (9 - 

12). Further biological assay was also conducted on the 

derivatives against MCF-7 breast cancer cell lines. To 

the best of our data screening on the SciFinder-ACS and 

Reaxys-Elsevier, the 2 derivatives (9 and 12) were new 
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compounds, and none of any literature reported the 

related bioassay of all derivatives. Further analysis of 

their interaction mechanism employing a bioinformatic 

approach was also achieved to modify the chemical 

structure exhibiting more potential cytotoxicity 

computationally. 

 

Materials and methods 

Materials 

Pro analyst and synthetic grade chemicals were 

purchased from Sigma-Aldrich Company. All solvents 

were used without further purification. Thin-layer 

chromatography was performed on silica gel GF254. The 

uncorrected melting points were measured on a Mettler 

Toledo digital melting point apparatus. The molar 

absorptivity was determined using an Agilent UV/Vis 

spectrophotometer, while the infra-red spectra were 

obtained on Perkin Elmer FTIR with potassium bromide 

(KBr) pellets. Exact masses were obtained using a high-

resolution mass spectrometer (Waters Xevo QTOF HR-

MS Lockspray). 1H and 13C NMR spectra were recorded 

on Agilent 500 MHz and 125 MHz spectrometers in 

CDCl3 or DMSO-d6 and referenced relative to the 

solvent peaks. 

 

Synthetic procedure 

The analog synthetic procedure referred to the method 

reported by Weldon et al. [18] with some modifications 

(Scheme 1). 

 

 
Scheme 1 Reagents and conditions: (9) NaOH/EtOH, rt, 6 h; (10 and 11) KOH/MeOH:H2O, 50 C 1 h; (12) 

KOH/MeOH:H2O, rt, 30 min. 

  

Synthesis of 1-(4-aminophenyl)-5-(2-

nitrophenyl)-penta-2,4-dien-1-one (9) 

4-Aminoacetophenone (0.10 g, 0.73 mmol, 1 eq) 

was dissolved into a round bottom flask with 5 mL of 

ethanol while stirring. Later, 0.74 mL of 40 % NaOH 

(b/v) was added, stirring the mixture for 2 min. Finally, 

2-nitrocinnamaldehyde (0.13 g, 0.73 mmol, 1 eq) was 

added to the mixture and further stirred at room 

temperature for 6 h. Furthermore, the reaction mixture 

was diluted with cold distilled water and neutralized 

using 10 % HCl. The precipitated solid was then filtered 

and washed with distilled water. Upon purification on a 

silica gel column chromatography eluted by n-

hexane:ethylacetate (2:1, v/v), a yellowish solid was 

obtained with a chemical yield of 29 % (0.063 g). 

Melting point (172.1 - 172.4 C) IR (KBr, cm–1) 3341 

(strong, -NH2), 1728 (strong, C=O), 3048 (medium, C-

H aromatic), 1543 (strong, -NO2) and 1573 (C=C 

aromatic). UV-Vis absorbance spectra in methanol (c = 

110–5 M), λmax/nm (ε/M–1 cm–1); 271 (60073), 376 

(36606). 1H-NMR (500 MHz, DMSO) δH/ppm: 8.00 (d, 

J = 7.8 Hz, 1H), 7.91 (d, J = 7.3 Hz, 1H), 7.78 (m, 3H), 

7.60 - 7.56 (m, 1H), 7.44 (t, 2H), 7.38 - 7.32 (m, 1H), 

7.27 - 7.21 (m,1H), 6.61 (d, J = 8.2 Hz, 2H), 6.18 (s, 

2H). 13C-NMR (125 MHz, DMSO) δC/ppm: 186.14, 

154.34, 148.36, 141.10, 133.89, 133.68, 132.61, 131.31, 

131.27, 131.18, 129.89, 128.68, 128.48, 125.51, 124.95, 

113.17, 113.12. ToF-HRMS (ES+) m/z: [M + H]+ 

calculated for C17H14N2O3 295.1083; found 295.1084. 

 

Synthesis of 1-(4-bromophenyl)-5-(2-

nitrophenyl)-penta-2,4-dien-1-one (10) 

3-Bromoacetophenone (0.03 g, 0.18 mmol, 1 eq) 

was placed into a round bottom flask and then dissolved 

with 10 mL MeOH:H2O (1:1). Subsequently, 2-

nitrocinnamaldehyde (0.10 g, 0.56 mmol, 3 eq) and 

KOH (0.11 g, 1.88 mmol, 10 eq) were added into the 

mixture while being stirred at room temperature 

followed by reflux at 50 C for 1 h. The reaction mixture 

was then neutralized with 10 % HCl (pH 7), filtered, and 
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finally washed with ethanol to yield a brownish solid (86 

%, 0.058 g). Melting point (168.5 - 168.7 C). IR (KBr, 

cm–1) 3105 (medium, C-H aromatic), 1663 (strong, 

C=O), 1514 (strong, -NO2) and 1567 (medium, C=C 

aromatic). UV-Vis absorbance spectra in methanol (c = 

2×10–5 M), λmax/nm (ε/M–1 cm–1); 323 (18645). 1H-NMR 

(500 MHz, CDCl3) δH/ppm: 8.00 (d, J = 8.7 Hz, 1H), 

7.83 (d, J = 8.5 Hz, 2H), 7.71 (d, J = 7.7 Hz, 1H), 7.63 

(t, 3H), 7.60 - 7.56 (m, 1H), 7.53 (s, 1H), 7.48 (m, 1H), 

7.08 (d, J = 15.0 Hz, 1H), 6.96 (dd, J = 15.3, 11.1 Hz, 

1H). 13C-NMR (125 MHz, CDCl3) δC/ppm: 189.23, 

148.08, 144.07, 136.58, 136.24, 133.20, 131.97, 131.60, 

131.39, 129.95, 129.90, 129.37, 128.32, 128.31, 128.03, 

127.06, 124.98. ToF-HRMS (ES+) m/z: [M + H]+ 

calculated for C17H12BrNO3 358.0079; found 358.0104. 

 

Synthesis of 5-(2-nitrophenyl)-1-(p-tolyl)-penta-

2,4-dien-1-one (11) 

3-Methylacetophenone (0.02 g, 0.18 mmol, 1 eq) 

was placed into a round bottom flask and then dissolved 

with 10 mL MeOH:H2O (1:1). Afterward, 2-

nitrocinnamaldehyde (0.10 g, 0.56 mmol, 3 eq) and 

KOH (0.04 g, 0.75 mmol, 4 eq) were added into the 

mixture while being stirred at room temperature for a 

while. The reaction was further refluxed at 50 C for 1 

h. The precipitated product was then filtered and washed 

with a small amount of ethanol to produce a brownish 

solid with a 77 % (0.043 g) chemical yield. Melting 

point (120.4 - 121.8 C). IR (KBr, cm–1) 3043 

(moderate, C-H aromatic), 1735 (strong, C=O), 1446 

(moderate, -CH methyl), 1520 (strong, -NO2) and 1569 

(middle, C=C aromatic). UV-Vis absorbance spectra in 

methanol (c = 110–5 M), λmax/nm (ε/M–1 cm–1); 316 

(31253). 1H-NMR (500 MHz, CDCl3) δH/ppm: 7.99 (d, 

J = 8.2 Hz, 1H), 7.88 (d, J = 8.1 Hz, 2H), 7.72 (d, J = 7.8 

Hz, 1H), 7.64 - 7.55 (m, 2H), 7.50 - 7.45 (m, 2H), 7.30 

(d, J = 8.0 Hz, 2H), 7.14 (d, J = 15.1 Hz, 1H), 6.97 (dd, 

J = 15.3, 11.1 Hz, 1H), 2.43 (s, 3H). 13C-NMR (125 

MHz, CDCl3) δC/ppm: 190.29, 148.48, 144.17, 143.54, 

135.82, 135.80, 135.73, 133.56, 132.17, 132.14, 129.77, 

129.59, 129.02, 128.98, 128.71, 128.25, 125.35, 22.09. 

ToF-HRMS (ES+) m/z: [M + H]+ calculated for 

C18H15NO3 294.1130; found 294.1193. 

 

Synthesis of 5-(2-nitrophenyl)-1-(pyridine-3-yl)-

penta-2,4-dien-1-one (12) 

3-Acetylpyridine (0.02 g, 0.18 mmol, 1 eq) was 

transferred into a round bottom flask and dissolved with 

10 mL MeOH:H2O (1:1). 2-Nitrocinnamaldehyde (0.1 

g, 0.564 mmol, 3 eq) and KOH (0.03 g, 0.56 mmol, 3 

eq) were then mixed while being stirred for 30 min at 

room temperature. A 99 % (0.052 g) yield of yellowish-

green solid was obtained upon filtration and washing the 

precipitation with ethanol. Melting point (181.7 - 182.1 

C). IR (KBr, cm–1) 3065 (medium, C-H aromatic), 

1661 (strong, C=O), 1518 (strong, -NO2) and 1567 

(medium, C=C aromatic). UV-Vis absorbance spectra in 

methanol (c = 110–5 M), λmax (ε/M–1 cm–1); 325 

(51064). 1H-NMR (500 MHz, CDCl3) δH/ppm: 9.17 (s, 

1H), 8.80 (m, 1H), 8.25 (d, J = 7.9 Hz, 1H), 8.00 (d, J = 

8.2 Hz, 1H), 7.73 (d, J = 7.7 Hz, 1H), 7.63 (m, 2H), 7.55 

(m, 1H), 7.50 (d, 1H), 7.46 (m, 1H), 7.11 (d, J = 15.1 

Hz, 1H), 6.99 (dd, J = 15.3, 11.1 Hz, 1H). 13C-NMR 

(125 MHz, CDCl3) δC/ppm: 189.56, 153.92, 150.33, 

148.75, 145.29, 137.53, 136.52, 133.92, 133.86, 132.16, 

131.86, 130.16, 129.04, 127.46, 125.67, 124.38. ToF-

HRMS (ES+) m/z: [M + H]+ calculated for C16H12N2O3 

281.0926; found 281.0924. 

 

MTT cytotoxic assay 

The bioassay method referred to the one reported 

by Zainuddin et al. [19] and Mayanti et al. [20]. Firstly, 

the MCF-7 cells at 3104 cells cm–3 density were 

cultivated in 96-well, followed by incubation at 37 C 

under a 5 % CO2 atmosphere for 24 h to attach and grow 

the cell. Afterward, the stock solution samples were 

prepared in DMSO, diluted into various desirable 

concentrations with PBS buffer, and added to the well 

plates. A negative control well containing only solvent 

was also ready to correct the results. After a 48-h 

incubation at 5 % CO2 atmosphere, the assay was 

quenched by MTT reagent [3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyl tetrazolium bromide] dissolved in SDS 

(sodium dodecyl sulfate). Optical density was scanned 

under a multimode reader at 570 nm (reference at 600 

nm) using Presto Blue Cell Viability Reagent. IC50 

values were calculated from the linear correlation of the 

corrected percentage live of cells (%) versus the tested 

concentration of compounds (µg/mL). Each assay was 

conducted twice, and their analysis results were reported 

as averaged IC50 values. A similar protocol was also 

performed for the cisplatin as the positive control. 
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Molecular docking  

Molecular docking was carried out using 

AutoDock Vina. The receptor (EGFR (3POZ) is 

downloaded from the protein data bank website 

(https://www.rcsb.org/). Water and cofactors are 

removed. Hydrogens are added to the receptor 

coordinates. Charges are added, all nonpolar hydrogens 

are merged, atom types are assigned using AutoDock 

Tools, and a .pdbqt file is generated. The binding site of 

the ligand and exhaustiveness parameter was 

determined as a Vina configuration file (see 

Supplementary material) [21]. Ligands were drawn 

using the Ketcher structure editor and saved as an sdf 

file. The 3D structure of the ligand was minimized using 

Avogadro with MMFF94. The sdf file was then further 

converted into a .pdbqt file using OpenBabel. Docking 

visualization and analysis were examined using UCSF 

ChimeraX and Biovia Discovery Studio Visualizer. 

 

Results and discussion 

Synthesis of 2-nitrocinnamaldehyde derivatives  

The 2-Nitrocinnamaldehyde derivatives (9 - 12) 

were successfully synthesized through the Claisen-

Schmidt condensation between the corresponding 

substituted aromatic acyl with trans-2-

nitrocinnamaldehyde over basic condition (Scheme 1). 

Some modifications of the cited procedures were 

applied to obtain reasonable results. For instance, 

potassium hydroxide in the methanolic-water system 

was appropriately used to synthesize 10 - 11 and 12. On 

the other hand, concentrated ethanolic sodium 

hydroxide was required to synthesize 9. It is implied that 

the stronger the donating effect of the substituent, as 

shown in the order of 12, 11, 10, and 9, the weaker the 

acidity of the  -carbon of the acyl moiety. Thus, more 

bases were required to produce the related enolate 

intermediate [22] from the corresponding aromatic acyl 

derivatives. Alternatively, such acidic conditions may 

compromise the strength of the donating moiety toward 

the low acidity of the α-carbon of the acyl group through 

an enol intermediate formation [22]. 

Instead of base concentration, such an elevated 

temperature reaction was also necessary [23,24], 

particularly for the formation of 10 and 11 up to 50 C, 

to speed up the dehydration step, leading to a reasonable 

chemical yield of the product. Such a nucleophile 

substitution at the a-carbon usually would normalize the 

reaction to mild conditions. However, a similar 

condition did not work for the formation of 9, which 

produced a complex mixture containing the target 

product, byproducts, and the remaining precursors. 

More optimization of the key variables, such as using an 

alternative catalyst, employing an aprotic solvent, or 

Dean-Stark apparatus in toluene for facile water 

removal [10], must be explored. The aforementioned 

phenomena were supported relatively by the obtained 

chemical yield ranging from 29 - 99 %, which agreed 

with the yield of typical analog derivatives reported 

elsewhere [18,23,24]. 

Overall, the condensation in a basic medium 

(NaOH or KOH) is the most often used synthetic method 

for chalcone derivatives, even though the typical 

precursor substituents of the matching aldehyde and 

acetophenone have a substantial impact on the reaction 

time and byproducts [25]. In some cases, microwave 

irradiation has replaced conventional heating to increase 

the chemical yield of the products [9,26,27].  

Spectroscopic analyses like UV/Vis FTIR, 1H- and 

13C-NMR, and mass spectra were recorded and 

compared to the available literature to elucidate the 

target molecules’ structure. A typical UV/Vis 

conjugated band of the unsaturated , -ketone 9, 10, 

11, and 12 was observed at 376, 323, 316, and 325 nm 

(SM Figure A), which was further confirmed by the 

FTIR spectra at the wavenumber of 1729, 1663, 1735, 

and 1662 cm–1 respectively (SM Figure B). In addition, 

the FTIR also revealed the presence of moieties of 

aromatic C-H at 3034-3105 cm–1, C=C at 1606-1654 

cm–1, and C-NO2 at 1514-1543 cm–1. In particular, the 

group of -NH2 of 9 was also found at 3341 cm–1.  

The 1H-NMR analysis of 9 in DMSO-d6 (SM 

Figure 1(C)) revealed the presence of 14 proton 

integrations consisting of 8 aromatic protons at 8.00 - 

7.58 ppm, and 6.61 ppm, 4 methine protons at 7.25 - 

7.44 ppm, and 2 amine protons at 6.18 ppm. However, 

the specific coupling constant of typical trans-

conjugated alkene was not resolved distinctively. To 

support the 1H-NMR data, the spectra of 13C-NMR in a 

similar deuterated solvent (SM Figure 1(D)) assigned 

17 carbon signals belonging to 1 carbonyl carbon at 186 

ppm, 12 aromatic carbons at 154 - 113 ppm and 4 

conjugated alkene carbons at 141 - 128 nm. Finally, 



Trends Sci. 2025; 22(5): 9586   6 of 14 

ToF-HRMS-ES+ (SM Figure 1(E)) found the mass 9 as 

295.1084 with a molecular formula of C17H14N2O3. 

To confirm the structure of 10, 1H-NMR spectra in 

CDCl3 (SM Figure 2(C)) identified the appearance of 

12 protons composed of 8 aromatic protons at 8.00 - 

7.56 ppm, 4 methine protons at 7.53 - 6.96 ppm. In 

addition to the 1H-NMR data, a 13C-NMR of 10 in a 

similar deuterated solvent (SM Figure 2(D)) confirmed 

the signal of 17 carbons. A chemical shift at 189 ppm 

was assigned to 1 carbonyl carbon, while at 148 - 124 

ppm was identified as 12 carbons of aromatic benzene. 

Additionally, 4 conjugated alkene carbons were 

observed at 144 - 127 ppm. Lastly, the ToF-HRMS-ES+ 

(SM Figure 2(E)) measured the mass of 10 as 358.0104 

with a molecular formula of C17H12BrNO3. 

Comparatively, the 1H-NMR of 11 in CDCl3 (SM 

Figure 3(C)) also assigned 15 proton signals 

representing 8 aromatic protons at 7.99 - 7.30 ppm, 4 

methine protons at 7.48 - 6.97 ppm, and 3 methyl 

protons at 2.43 ppm. As the complementary of the 1H-

NMR, the 13C-NMR in the same solvent (SM Figure 

3(D)) discovered 18 carbon signals, which were 

identified as 1 carbonyl carbon at 190 ppm, 12 carbons 

of aromatic benzene at 159 - 125 ppm, 4 conjugated 

alkene carbons at 143 - 128 ppm, and 1 methyl carbon 

at 21.83 ppm. Additional data of ToF-HRMS-ES+ (SM 

Figure 3(E)) eventually confirmed the mass 11 as 

294.1193 with a molecular formula of C18H15NO3. 

Following a similar pattern, the typical 1H-NMR 

and 13C-NMR spectra of 12 in CDCl3 (SM Figures 4(C) 

and 4(D)) also agreed with other derivatives. Twelve 

protons were detected on 1H-NMR, representing 8 

protons of aromatic benzene at 9.17 - 7.56 ppm and 4 

methine protons at 7.56 - 6.99 ppm. In addition, the 13C-

NMR also verified a total of 16 carbons, consisting of 1 

carbonyl carbon at 189 ppm, 11 carbons of aromatic 

benzene at 153 - 124 ppm, and 4 carbons of conjugated 

alkene at 145 - 127 ppm. Upon ToF-HRMS-ES+ 

measurement (SM Figure 4(E)), a mass 12 was found 

281.0924 with a molecular formula of C16H12N2O3. In 

general, the coupling constant of most derivatives 

resolved the trans geometry at 15 Hz, which was in 

agreement with the related standard constant [28]. 

Overall, the recorded signals aligned with the similar 

compounds of 10 and 11 reported previously [29,30] 

and with the analogs published elsewhere [29] for the 

new compounds of 9 and 12. 

 

Cytotoxicity assay on MCF-7 cells 

The MTT assay of all derivatives against MCF-7 

breast cancer lines was presented in Table 1 as the IC50 

of inhibition toward the viability of the cancer cells (SM: 

Table F, Figures G, and H). According to the 

cytotoxicity potency level reported by Prayong et al. 

[31], compound 12 exhibited relatively moderate 

inhibition against the cancer cell lines. On the other 

hand, the remaining compounds (9, 10, and 11) were 

classified as weak anti-cancer agents or not toxic. The 

methyl moiety installed in a benzene ring generally 

resulted in a poor antiproliferative, as Liew et al. [32] 

reported. Therefore, the derivative 11 might be an 

unfavorable substituent against anticancer activity. 

Regarding reactivity, the methyl moiety affected the 

molecule’s center through the weakest positive 

inductive effect compared to others. In contrast, the 

para-amine and para-bromide exhibited more of a 

donating mesomeric effect. However, the pyridine 

moiety tended to show more electron-withdrawing 

impact than others.  

As the MTT assay was performed in an aqueous 

system, the less soluble chalcone derivatives in the 

buffer might lower their toxicity. Such polar substituents 

installed in the related precursors of aldehyde or 

acetophenone plausibly increase the effective soluble 

concentration of the compound and exhibit more potent 

cytotoxicity [25].
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Table 1 Cytotoxic assay of o-Nitrocinnamaldehyde derivatives against MCF-7 cancer cells.  

 

Sample IC50 (μg/mL) 

Compound 9 178 

Compound 10 376 

Compound 11 >500 

Compound 12 118 

 

 

Based on the chemical reactivity and bioactivity 

relationship, it was implied that typical electron-

withdrawing substituent at the acetophenone side 

demonstrated more potent cytotoxicity against MCF-7. 

Such SAR evidence was reported that most electron-

withdrawing groups at the appropriate position played 

an essential role in anticancer activity instead of , -

unsaturated carbonyl [32]. In particular, a 

conformational restrain was reported to decrease the 

cytotoxic activity of typical chalcone derivatives [33]. 

An inhibition of aromatase targeting CyP19A1 was 

well-known as the cytotoxic activity mechanism of an 

active compound against MCF-7 cell lines [34]. Further 

molecular docking of a typical polycyclic skeleton with 

the targeted aromatase [35] revealed that an olefinic 

moiety provided a protein-binding nature towards the 

bioactive compounds, while an electron-withdrawing 

group such as carboxylic acid was responsible for the 

MCF-7 inhibition. However, further molecular docking 

must be performed to understand how effectively the 

derivatives interacted with the MCF-7 receptor. Thus, a 

better structural design can be obtained before the 

laboratory synthesis. 

 

Molecular docking study 

MCF-7 cancer cell lines’ proliferation correlates 

with estrogen receptor alpha (ERɑ) regulation. The 

proliferation of MCF-7 was promoted through ERɑ 

suppressing the p53/p21 signal and up-regulating 

proliferating cell nuclear antigen (PCNA) and Ki-67 

antigen [36]. Tamoxifen is an antagonist in human 

breast cancer and is classified as a selective estrogen 

receptor modulator (SERM) [37]. Several clinical 

studies showed that acquired tamoxifen resistance in 

MCF-7 correlates with increased EGFR/HER2 

expression. The combination treatment with EGFR 

inhibitors such as Gefitinib showed tamoxifen response 

improvement and delayed acquired resistance in the 

MCF-7 cancer cell line [38]. Gefitinib inhibits the 

phosphorylation of EGFR by competitively binding 

with ATP into the kinase domain (KD) of EGFR. Hence, 

in this paper, the interaction of compounds 9 and 12 with 

EGFR was studied by the molecular docking method 

[39]. 

This molecular docking study used the co-crystal 

structure EGFR (PDB ID: 3POZ [40], and dual 

EGFR/HER2 inhibitor TAK-285 [41]. The docking 

configuration was validated by obtaining an RMSD 

value of 1.3 Å from reduced TAK-285 into the kinase 

domain of 3POZ. In our model (Figure 2), the nitrogen 

of TAK-285’s pyrimidine ring formed a hydrogen bond 

with Met793 of the hinge region, and the trifluoromethyl 

moiety formed H-bonds with Thr854, Thr790, and 

Leu777 and made several other interactions with 

Met766, Phe856, Cys775, Arg776, and Leu788. The 

chloro-aniline moiety made H-bonds with Thr854 and 

several noncovalent interactions with Lys745, Ala743, 

and Val726, while N-ethyl-3-hydroxy-3-

methylbutanamide was oriented towards the solvent 

region and made Van der Waals interactions with 

Arg841, Gly796, Gly719, and Asn842. The binding 

energy obtained from interactions was 10.692 kcal/mol. 
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Figure 2 2D and 3D interaction of TAK-285 with EGFR (3POZ) (In the 3D model, H-bonds: Dashed blue color).  

 

 

Figure 3 2D and 3D interaction of compound 9 with EGFR (3POZ) (In the 3D model, H-bonds: Dashed blue color). 

 

Instead of the hydrogen bonding formation with 

Met793, the nitrophenyl moiety of compound 9 formed 

a Van der Waals interaction (Figure 3). In this region, 

nitrophenyl was sandwiched between Leu844 and 

Leu718. The phenacyl moiety of compound 9 

contributed a hydrogen bond with Cys775 and made 

several noncovalent interactions with Met766, Leu777, 

and Phe856. The binding energy of compound 9 was –

8.506 kcal/mol. The nitrophenyl moiety of compound 

12 adopts a different conformation with compound 9; 

the nitro functional groups move closer and make H-

bond to Met793 residue. Nitrophenyl also made 

noncovalent interactions with Leu718 and Val726. The 

acetyl pyridine of compound 12 formed an H-bond with 

Lys745 and Thr854, and its ring formed a Pi-alkyl 

noncovalent interaction with Leu788 residue (Figure 4). 

Compound 12’s binding energy (–8.555 kcal/mol) was 

slightly lower than compound 9. 
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Figure 4 2D and 3D interaction of compound 12 with EGFR (3POZ) (In the 3D model, H-bonds: Dashed blue color).  

 

 
Figure 5 Superimposed structure of TAK-285 (grey), compound 9 (blue), and compound 12 (pink). 

 

The superimposed structure showed that TAK-285 

has one fused heterocyclic ring and 2 aromatic rings, 

each linked with amino and ether linker (Figure 5). 

Fused heterocyclics are commonly found features in the 

EGFR kinase inhibitors. They mimic the adenine of 

ATP, so their nitrogen can form hydrogen bonding with 

the hinge region of the kinase domain of EGFR.  The 

heterocyclic ring is linked with the aryl ring through an 

amino linker to occupy the back pocket of EGFR. To 

enhance activity towards EGFR, an aryl ring is further 

added through an ether linker in the inhibitor’s skeleton, 

resulting in dual inhibitory activity towards EGFR and 

HER2. In addition, a long alkyl chain of inhibitor is used 

to interact with the solvent region of the receptor 

(Figure 6(a)) [42]. 

Compounds 9 and 12 need several structural 

features compared to known kinase inhibitors (Figures 

5 and 6(b)). Further structural modification to 9 and 12 

is necessary to improve their biological activity. 

Hypothetically, both compounds can undergo 

intermolecular Michael addition to form a fused 

heterocyclic ring resembling a quinazoline/quinoline 

core [43]. Another example is using hydrazine or 

hydroxylamine to introduce heterocyclic rings into 9 

and 12 (Figure 6(b)) [44,45]. Such moieties enhanced 

potent cytotoxicity against cancer cells or other 

pharmacological activities [9,46-49]. The proposed 

structural modification (compound 13) was docked into 

the EGFR catalytic domain (Figure 7). The heterocyclic 

moiety of compound 13 occupied the hinge region and 

created several interactions with Met793, Leu792, and 

Ala743. The acetophenone moiety occupied the 

hydrophobic region and formed pi-pi interaction notably 

with Phe856, and their chlorine and fluorine atoms 
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created interactions with Met766, Cys775, and Arg776. 

These key residues influenced the binding affinity 

between the inhibitor and EGFR [38]. At the same time, 

compound 13’s propylmorpholine extended into the 

accessible area. These are 3 essential pharmacophores 

commonly found in small-molecule EGFR kinase 

inhibitors. We expect to validate the anticancer 

capability of compound 13 with further in-vitro assays 

shortly. 

 

 
Figure 6 Common structural features of EGFR/HER2 inhibitors (a) and further structural modification of 9 and 12 (b).  

 

 

Figure 7 2D and 3D interaction of compound 13 with EGFR (3POZ). 
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Conclusions 

In one-pot Schmidt-Claisen condensation, 4 

compounds of o-Nitrocinnamaldehyde-based 

derivatives (9 - 12) were effectively synthesized with a 

chemical yield of 29 - 99 %. Compound 12 was the most 

potential derivative as anti-cancer MCF-7 (IC50 of 118 

μg/mL), among others. Based on a bioinformatics 

investigation, additional skillful structural modification 

of 12 frameworks may raise its moderate toxicity to a 

more potent level. Thereby, it may be utilized further as 

an anticancer agent. 
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