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In present work, a new series of modified curcumin analogs of bis(N-arylacetamides) (6-10) was synthesised in good yields. The 

synthesised compounds were characterised by spectral data and the curcumin hybrids 6-10 were evaluated in vitro by MTT assay for 

antiproliferative activity against four different human breast carcinoma cell lines. Compounds 10 and 7 show moderate to better IC50 ± 

SEM (M) in the range of 66.52 ± 4.53 to 97.79 ± 3.63 and 71.28 ± 4.30 to 99.18 ± 5.99, respectively against MCF-7, MDA MB-231, 

MDA MB-436 and MDA MB-453 breast cancerous cell lines. Compounds 10 and 7 have shown a significant inhibition against all the 

cell lines. Cell cycle analysis of compound 10 in MCF-7 cells revealed a pronounced accumulation of the cell population in the S phase 

(63.67%), indicating effective S-phase arrest. This suggests that the compound interferes with DNA replication processes. Docking studies 

with EGFR2 have shown higher glide scores, -5.857 and -5.448 kcal/mol, respectively, for compounds 10 and 7. The results indicate that 

the curcumin-pyrazole bis(N-arylacetamide) hybrid adducts as a promising lead to develop as antiproliferative agents. 
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INTRODUCTION 

 Anticancer research has been predominantly focused on 

natural agents and many of the approved anticancer agents 

are obtained from natural sources. Most of the natural agents 

are nontoxic [1-3]. Cancer is an abnormal condition in which 

uncontrolled proliferation of cells may be observed, due to 

deregulation of growth promoter and suppressor genes [4]. As 

per the statistics of Globocon 2022, about 20 million cancer 

cases and approximately 10 million deaths were recorded; it 

is expected to reach 35 million by 2050 worldwide. In 2023, 

31% of breast cancers alone were noticed in women [5].  

 Structurally, curcumin is a symmetrical and linear diaryl 

heptane, contains two substituted phenyl groups. Curcumin 

is extracted from the rhizomes of the turmeric plant and acts 

as a bioactive compound. Along with the curcumin, some 

other curcuminoids are also obtained from turmeric plant 

extraction [6,7]. Moreover, curcumin is safe even at higher 

doses and nontoxic. The great advantage of the curcumin 

scaffold is its involvement in multiple signal transduction 

mechanisms [8-10]. The extensive research evidenced that 

curcumin and its derivatives are therapeutically promising 
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agents for various diseases like anti-Alzheimers [11], cardio-

vascular [12], antidiabetic [13], antioxidant [14], antimicrobial 

[15], anti-inflammatory [16], wound healing [17], antiviral 

[18] and anticancerous cells [19-21].  

 Interestingly, in vitro studies with various cancer cell lines 

evidenced that curcumin showed potentiating effects like the 

anticancer agents such as doxorubicin, cisplatin and 5-fluoro-

uracil [22]. Some curcumin-based cancer clinical trials also 

reported including bladder and cervical, colorectal, skin, liver, 

breast and oral cancers [23-29]. Despite all the aforemen-

tioned advantages, curcumin is also facing pharmacokinetic 

challenges and has some limitations. These limitations are due 

to various barriers when it is exposed to the biological system 

like, poor aqueous solubility, metabolic instability, low bio-

availability and low cell uptake. To address these limitations, 

most of the researchers have selected various structural modi-

fication strategies. The structural components of curcumin 

are more flexible to synthesize different curcumin-hybrids. 

The Michael acceptor region and the two phenolic groups are 

the major modification centres on curcumin. The formation of 

curcumin-hybrid heterocycles like pyrazole, imidazole, thiazole 

and oxazole with a molecular hybridisation approach has 
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already been established. The modified curcumin and its deri-

vatives not only address the pharmacokinetic challenges but 

also improve the pharmacological activity [19,30,31]. More-

over, many of the cancer cells develop resistance towards anti-

cancer agents through the ATP cassette mechanism. Indeed, 

noticeable anticancer research is essential to develop potent 

anticancer agents for the emerging world.  

 Several pyrazole-containing heterocyclic anticancer agents 

approved by the Food and Drug Administration (FDA) (Fig. 

1) have served as key sources of inspiration [32-35]. Simi-

larly, curcumin has also been reported to exhibit significant 

cytotoxic activity against a variety of cancer types. Accor-

dingly, the present study proposes the design and synthesis of 

modified curcumin–pyrazole hybrids as potential antiproli-

ferative agents. It can be achieved by combining two different 

pharmacophores (curcumin and pyrazole) through a molecular 

hybridisation strategy and by modifying the two phenolic  

-OH on the targeted nucleus (Fig. 2). 

EXPERIMENTAL 

 All the chemicals were sourced from Sigma-Aldrich, USA. 

Reagents used in the entire synthesis process were commer-

cially obtained from the other chemical suppliers. Analytical 

grade solvents were preferred without any further purifica-

tion. MDL Accelrys® 4.1. Version software was employed to 

determine the IUPAC nomenclature for the obtained comp-

ounds. The progress of the reaction was monitored by thin-layer 

chromatography (TLC), visualised under UV light. Aluminum 

precoated plates of silica gel Kieselgel 60 F254 from Merck with 

0.2 mm thickness are preferred. The synthesized compounds 

were characterized by 1H NMR and LC-MS techniques. 1H 

 

 

Fig. 1. Chemical structures of pyrazole containing FDA-approved anticancer agents 

 

 

Fig. 2. Proposed modifications to curcumin 
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NMR spectra were recorded on a Bruker 400 MHz spectro-

meter using CDCl3 as solvent and TMS as the internal stan-

dard; chemical shifts (δ) are reported in ppm and coupling 

constants (J) in Hz. LC-MS analyses were performed on an 

Agilent Technologies HPLC system equipped with an electro-

spray ionization source operating in positive mode.  

 Synthesis: Compound 3 (curcumin) was synthesized from 

vanillin and acetylacetone according to literature procedures 

[36]. 

 General procedure for the synthesis of 4,4-((1E,1E)-

(1-phenyl-1H-pyrazole-3,5-diyl)bis(ethene-2,1-diyl))bis(2- 

methoxyphenol) (5): Curcumin (3) (5.0 g, 15.5 mmol) and 

phenyl hydrazine (4) (2.93 g, 27.1 mmol) were suspended in 

acetic acid (50 mL) and the heterogeneous reaction mass was 

stirred at 70 ºC for 2 h. TLC analysis indicated complete 

consumption of both reactants; the reaction mixture was 

cooled to room temperature and then diluted with water (50 

mL, 10 vol). The precipitated solid was filtered and washed 

with 100 mL of water. The obtained brown solid was dried at 

50 ºC for 2 h under vacuum and purified by column chroma-

tography on 60-120 grade silica gel and (40:60 ethyl acetate, 

hexane) yielded 5.2 g (87.1%) of pure product 5 as a light 

brown solid [36]. 

 General procedure for the synthesis of compounds 6-10: 

To a solution of 4,4-((1E,1E)-(1-phenyl-1H-pyrazole-3,5-diyl)-

bis(ethene-2,1-diyl))bis(2-methoxyphenol) (5) (300 mg, 0.68 

mmol) in DMF was added corresponding chloroacetamide (1.5 

mmol; 6a-10a) and potassium carbonate (282 mg, 2.04 mmol) 

at room temperature then refluxed for 12 h. After completion 

of the reaction cooled to room temperature and water was 

added, the resultant gummy reaction mass was extracted with 

Dichloromethane the organic layer was washed with water, 

dried over sodium sulphate, distilled out at reduced pressure 

and purified on 60-120 mesh silica gel eluted with EtOAc: 

hexane 40:60 to give pure product 6-10 as solid (Scheme-I).  

 2,2-((((1E,1E)-(1-Phenyl-1H-pyrazole-3,5-diyl)bis-

(ethene-2,1-diyl))bis(2-methoxy-4,1-phenylene))bis(oxy))-

bis(N-benzylacetamide) (6): Yield: 76%; m.p.: 185-189 ºC, 
1H NMR (400 MHz, CDCl3,  ppm): 7.53 (s, 2H, NH), 7.52-

7.38 (m, 5H, Ar-H), 7.35-7.21 (m, 10H, Ar-H), 7.16-6.99 (m, 

8H, Ar-H, -C=CH), 6.92 (s, 1H, py-CH), 6.85 (s, 1H, Ar-H), 

6.78 (d, 1H, J = 16 Hz, -C=CH), 4.53 (s, 4H, -OCH2), 4.61 

(s, 4H, -NCH2), 3.71 (s, 3H, -OCH3), 3.69 (s, 3H, -OCH3); 
13C NMR (400 MHz, CDCl3,  ppm): 168.52, 151.02, 149.80, 

147.48, 139.35, 137.71, 131.74, 129.27, 128.02, 127.55, 125.25, 

120.14, 115.86, 114.76, 109.85, 108.97, 55.46, 43.06; LC-MS 

(ESI) m/z: (M+H)+ calcd. (C45H42N4O6+H) 735.85, found 735.2, 

RT = 6.268 min.  

 2,2-((((1E,1E)-(1-Phenyl-1H-pyrazole-3,5-diyl)bis-

(ethene-2,1-diyl))bis(2-methoxy-4,1-phenylene))bis(oxy))-

bis(N-benzyl-N-methylacetamide) (7): Yield: 86%; m.p.: 

172-175 ºC; 1H NMR (400 MHz, CDCl3,  ppm): 7.53-7.41 

(m, 5H, Ar-H), 7.34-7.21 (m, 10H, Ar-H), 7.16-6.99 (m, 8H, 

Ar-H, -C=CH), 6.92 (s, 1H, py-CH), 6.85 (s, 1H, Ar-H), 6.78 

(d, 1H, J = 16 Hz, -C=CH), 4.53 (s, 4H, -OCH2), 4.61 (s, 4H, 

-NCH2), 3.71 (s, 3H, -OCH3), 3.69 (s, 3H, -OCH3), 3.01 (s, 3H, 

-NCH3), 3.00 (s, 3H, -NCH3); 13C NMR (400 MHz, CDCl3,  

ppm): 168.11, 167.62, 151.11, 149.57, 147.10, 142.30, 139.36, 

136.07, 131.45, 130.12, 129.10, 128.46, 127.35, 126.55, 125.08, 

119.72, 114.02, 109.04, 55.51, 51.06. MS (ESI) m/z: (M+H)+ 

calcd. (C47H46N4O6+H) 763.91, found 763.15.  

 2,2-((((1E,1E)-(1-Phenyl-1H-pyrazole-3,5-diyl)bis-

(ethene-2,1-diyl))bis(2-methoxy-4,1-phenylene))bis(oxy))-

bis(N-phenylacetamide) (8): Yield: 84%; m.p.: 166-169 ºC, 
1H NMR (400 MHz, CDCl3,  ppm): 8.88-8.82 (s, 2H, NH), 

7.52-7.38 (m, 5H, Ar-H), 7.35-7.21 (m, 10H, Ar-H), 7.16-6.99 

 

 

Scheme-I: Reagents and conditions: (i) B(OnBu)3, EtOAc, butylamine, reflux, (ii) acetic acid, stirring at 68-70 ºC for 2 h, 80-82%, (iii) 

Corresponding N-substituted chloroacetamides, DMF, K2CO3, at 80 ºC, reflux for 12 h, 70-91% 
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(m, 8H, Ar-H, -C=CH), 6.92 (s, 1H, py-CH), 6.85 (s, 1H, Ar-H), 

6.78 (d, 1H, J = 16 Hz, -C=CH), 4.53 (s, 4H, -OCH2), 3.71 (s, 

3H, -OCH3), 3.69 (s, 3H, -OCH3); 13C NMR (400 MHz, CDCl3, 

 ppm): 166.72, 151.00, 149.91, 147.00, 139.37, 137.08, 132.07, 

131.63, 129.04, 128.00, 125.22, 124.62, 120.04, 119.86, 116.27, 

114.96, 110.06, 109.23, 55.86; MS (ESI) m/z: (M+H)+ calcd. 

(C43H438N4O6+H) 707.80, found 707.01. 

 2,2-((((1E,1E)-(1-Phenyl-1H-pyrazole-3,5-diyl)bis-

(ethene-2,1-diyl))bis(2-methoxy-4,1-phenylene))bis(oxy))-

bis(N-(o-tolyl)acetamide) (9): Yield: 87%; m.p.: 171-173 ºC, 
1H NMR (400 MHz, CDCl3,  ppm): 8.69 - 8.01 (s, 2H, NH), 

7.52-7.38 (m, 5H, Ar-H), 7.35-7.21 (m, 8H, Ar-H), 7.16-6.99 

(m, 8H, Ar-H, -C=CH), 6.92 (s, 1H, py-CH), 6.85 (s, 1H, Ar-H), 

6.78 (d, 1H, J = 16 Hz, -C=CH), 4.53 (s, 4H, -OCH2), 3.71 

(s, 3H, -OCH3), 3.69 (s, 3H, -OCH3), 2.31 (s, 3H, -ArCH3), 

2.30 (s, 3H, -ArCH3); 13C NMR (400 MHz, CDCl3,  ppm): 

166.26, 151.01, 149.61, 147.01, 139.36, 135.04, 134.99, 

132.29, 131.52, 129.20, 128.21, 127.93, 126.78, 125.02, 

121.90, 119.57, 109.74, 108.90, 55.61; MS (ESI) m/z: (M+H)+ 

calcd. (C45H42N4O6+H) 735.85, found 735.01. 

 2,2-((((1E,1E)-(1-Phenyl-1H-pyrazole-3,5-diyl)bis-

(ethene-2,1-diyl))bis(2-methoxy-4,1-phenylene))bis(oxy))-

bis(N-(4-chlorophenyl)acetamide) (10): Yield 90%; m.p.: 

192-195 ºC, 1H NMR (400 MHz, CDCl3,  ppm): 8.92-8.86 (s, 

2H, NH), 7.52-7.38 (m, 5H, Ar-H), 7.35-7.21 (m, 8H, Ar-H), 

7.16-6.99 (m, 8H, Ar-H, -C=CH), 6.92 (s, 1H, py-CH), 6.85 

(s, 1H, Ar-H), 6.78 (d, 1H, J = 16 Hz, -C=CH), 4.53 (s, 4H, 

-OCH2), 3.71 (s, 3H, -OCH3), 3.69 (s, 3H, -OCH3); 13C NMR 

(400 MHz, CDCl3,  ppm): 166.79, 150.97, 149.92, 147.33, 

139.37, 135.70, 133.01, 132.22, 131.58, 129.77, 128.05, 125.23, 

121.02, 119.95, 116.45, 109.27, 109.74, 55.91; MS (ESI) m/z: 

(M+H)+ calcd. (C43H36Cl2N4O6+H) 776.68, found 778.19. 

Pharmacological assay 

 Evaluation of antiproliferative activity using MTT assay 

and IC50 calculations: An MTT (3-[4,5-dimethylthiazol-2-

yl]-2,5-diphenyltetrazolium bromide) assay was aimed to deter-

mine the antiproliferative activity of all the synthesised com-

pounds against four different human breast cancer cell lines, 

MCF7, MDA-MB-231, MDA-MB-453 and MDA-MB-436. 

The cancer cell lines were sourced from NCCS, Pune. 

Initially, primary concentrations (18, 6, 2, 0.666, 0.222, 0.074, 

0.025 mM) of test compounds 6-10 were prepared in DMSO 

from the primary stocks. MTT (5 mg/mL) primary stock 

solution was prepared in phosphate buffer saline (PBS). The 

stocks are preserved at 20 ºC until further use. Cells were 

removed from the culture flask containing growth medium. 

A 5 mL of PBS was used to wash the cells. After removing the 

PBS, 1 mL of Trypsin EDA was added and placed at 37 ºC 

for 5 min in the CO2 incubator. After detachment, the cells 

were collected into a sterile centrifuge tube and centrifuged 

for 5 min at 1500 rpm. Cells were further seeded in 96-well 

plates at a density of 5000cells/well and incubated at 37 ºC 

overnight in a CO2 incubator. After, the culture medium was 

removed and 100 L fresh culture medium was added to resp-

ective wells containing test compound at different final concen-

trations (180, 60, 20, 6.67, 2.22, 0.74, 0.25 M) in triplicate 

and incubated for 48 h in a CO2 incubator. After incubation, 

MTT reagent was added at a final concentration of 0.5 mg/ 

mL and incubated for the formation of formazan crystals. The 

formed crystals were dissolved in DMSO to read the optical 

density at 570 nm on the SpectraMax M4 ELISA microplate 

reader. Cell viability percentage was calculated by using the 

following formula: 

  570
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O
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D co
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ntro
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 % =    

 Further IC50 values were calculated, using GraphPad Prism 

software, applying nonlinear regression analysis by follow-

ing the equation: -log (inhibitor) vs. response-variable slope 

(Four parameter). 

 Cell cycle analysis: Human breast cancer (MCF-7) cells 

(1 × 105 cells/well) were seeded in 6-well plates. After 24 h, the 

medium was removed and replaced by fresh culture medium 

containing optimised concentrations (half of the IC50 concen-

tration) of active compound 10. The cell cycle pattern was 

analysed by measuring the amount of propidium iodide (PI)-

labeled DNA in ethanol-fixed cells. In brief, the cells were 

exposed to the stimuli for 48 h, harvested by trypsinisation 

and fixed with chilled 70% ethanol. Cells will be stained for 

total DNA content with PI (1 mg/mL) staining buffer contain-

ing RNase enzyme according to the manufacturer’s instruc-

tions. The cell cycle analysis was performed to determine their 

percentages of cells in different phases like G0-G1, S and G2/M, 

under different treatments. The percentages of cells in differ-

ent phases in the sample were analysed using a flow cyto-

meter (Becton Dickinson, San Jose, USA) and ModFit software. 

 Statistical statement: Cell cycle distribution was anal-

ysed by flow cytometry following PI staining. Data were 

obtained from three independent experiments (n = 3) and 

expressed as mean ± standard deviation (SD). Statistical 

analysis was performed using one-way ANOVA followed by 

Tukey’s post hoc test. Differences were considered statisti-

cally significant at p < 0.05.  

 Molecular docking studies: Ligand structure drawing, 3D 

conversion and initial energy minimisation were performed 

utilizing the pcm10 tool (Serena Software, Bloomington, USA). 

The Ligprep tool of Schrödinger was used for the preparation 

of the ligands. All protein structures were accessed from the 

PDB database. In the execution of molecular docking analy-

sis studies, the Glide tool of Schrödinger was used. The 

Desmond module (D.E. Shaw Research, New York, USA) 

was employed for performing the molecular dynamics simula-

tions and subsequent analysis. 

 The target genes/protein prediction was performed by using 

the binding DB online server and Swiss Target Prediction for 

the representative designed molecules [37,38]. After the 

comparative analysis of the scores and ratio data of the two 

servers, potential anticancer targets like Endothelial Growth 

Factor Receptor (EGFR2) (3w2r) were selected as target 

proteins for docking. 3D structures of selected targets were 

accessed from the PDB database. Using the Glide program of 

Maestro, a grid box of 16 Å × 16 Å × 16 Å was made around 

the selected binding cavity of the protein 3w2r. The possible 

interactions and affinities of the compounds were determined 

using flexible docking in the Glide program. Using the extra 

precision (XP) docking tool, molecular docking was perfor-

med, keeping all the parameters set to default values [39].  
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RESULTS AND DISCUSSION 

 All the proposed analogues of modified curcumin–pyrazole 

derivatives (6-10) were synthesized via a multi-step protocol 

employing a molecular hybridization strategy. In the first step, 

curcumin (3) was obtained by the condensation of vanillin (1) 

and acetylacetone (2) in the presence of tributoxyborane, dry 

ethylacetate and n-butylamine. In the next step, substituted 

pyrazole-curcumin (5) was obtained by the replacement of the 

diketone moiety by treating curcumin with phenyl hydrazine 

(4) in the presence of acetic acid. The synthesis of compounds 

3 and 5 has been previously reported, and the present work 

followed the established literature procedures [36]. The key inter-

mediate 5 was used to get the desired target compounds 6-10, 

by treating with corresponding substituted N-aryl chloroaceta-

mides (6a-10a). The desired final compounds were obtained 

in the presence of potassium carbonate at reflux at 80 ºC for 

12 h in DMF. All the synthesised compounds were purified 

by column chromatography using 60-120 silica gel eluting 

with ethyl acetate and hexane. Further, the target compounds 

6-10 were characterised and confirmed by 1H NMR, 13C 

NMR and mass spectral data. Proton NMR spectra of comp-

ounds 6-10 showed the appearance of a singlet corresponding 

to the pyrazole -CH proton at  6.92 ppm and the vinylic 

protons emerged at  6.78 ppm as a doublet with a J value of 

16.0 Hz. Another singlet appeared in the range of  3.81-3.89, 

corresponding to -CH2 protons. Two sets of methoxy protons 

as singlets were appeared in the range of  3.71-3.69 ppm. 

The -NH proton appeared as a singlet at  8.92-7.53 ppm and 

the -NCH2 protons were observed at  4.61 ppm as a singlet. 

Antiproliferative activity 

 In vitro cytotoxic evaluation: In vitro cytotoxic activity 

of curcumin-pyrazole derivatives 6-10 was determined by 

using MTT assay against cell growth of four different human 

breast carcinoma cell lines (MCF-7, MDA-MB-231, MDA-

MB-436, MDA-MB-453). All the cell lines are treated with 

different concentrations of test compounds (180, 60, 20, 6,67, 

2.22, 0.74, 0.25 M) and curcumin and doxorubicin (Dox) 

were used as a reference and positive control, respectively. The 

evaluated IC50 values (Table-1) indicate that the electronic 

effects of the substitution pattern with different bioisosters on 

the curcumin-pyrazole hybrid greatly influence the prolifer-

ative activity. All the test compounds have gained mild to 

moderate activity compared with curcumin and doxorubicin. 

Compounds 10, 7 and 9 have shown comparatively better cyto-

toxic activity, whereas compounds 8 and 6 exhibited moder-

ate cytotoxic activity against all the cell lines.  

 MTT assay results demonstrated that compounds 6-10 

exhibited superior activity against the MCF-7 and MDA-MB-

453 cell lines compared to the other evaluated cell lines. 

Compound 10, curcumin-pyrazole acetamide derivative with 

a 4-chlorophenyl substitution, has shown a very less percen-

tage of cell viability (Fig. 3) compared with other derivatives 

and the IC50 values are in the range of 66.52 ± 4.53 to 97.79 

± 3.63 M against the cell lines. Compound 7, having an 

unsubstituted phenyl ring and an additional N-CH3 substi-

tution, is the next best molecule with IC50 values in the range 

of 71.28 ± 4.30 to 99.18 ± 5.99 µM. Compound 9 is a methoxy-

phenyl derivative, showing better activity against all the cell 

lines, with IC50 values in the range of 76.34 ± 4.61 to 99.77 

± 6.02 M. Compound 8 is an unsubstituted phenyl ring and 

the absence of a methylene bridge between nitrogen and the 

phenyl ring containing derivative, which shows moderate 

cytotoxic activity against all the cell lines, with IC50 values in 

the range of 84.18 ± 5.08 to 104.04 ± 6.28 M. Compound 6 

is an unsubstituted phenyl ring and having a methylene bridge 

between the nitrogen atom and the phenyl ring containing 

derivative, it shows very little cytotoxic activity in the series 

with IC50 values in the range of 93.24 ± 5.63 to 102.18 ± 6.17 

M.  

 The structure activity relationship (SAR) analysis of 

compounds 6-10 (Fig. 4) indicates that all the compounds 

have common structural aspects. The pyrazole-curcumn scaff-

old is essential for cytotoxic activity and improves the stability 

of the compound. The results indicate that the introduction of 

the pyrazole moiety in place of the diketo of curcumin not 

only improves the activity but also improves the pharmaco-

kinetic profile of the synthesised compound. Modification of 

phenolic groups by various substituted acetamides greatly 

increases the solubility pattern of the modified curcumin. The 

electronic and hydrophobic properties are also altered when 

it is a hybrid than the curcumin alone. All the test compounds 

6-10 exhibited better to moderate cytotoxicity based on the 

groups present on the phenyl ring, the number of carbon atoms 

between the amide nitrogen atom to phenyl and the presence/ 

absence of substitution on the amide nitrogen atom. The pre-

sence of either a 2º or 3º nitrogen atom is essential to enhance 

the cytotoxic activity. The electron-withdrawing groups pre-

sent on the phenyl ring (compound 10; 4-chlorophenyl) incr-

ease the activity than electron-donating groups (compound 9; 

2-methoxyphenyl). Compound 7, featuring a tertiary nitrogen  

 

TABLE-1 

ANTIPROLIFERATIVE ACTIVITY DATA AGAINST HUMAN BREAST CARCINOMA CELL LINES OF COMPOUNDS 6-10 

Compound 
IC50 ± SEM (M) 

MCF-7 MDA MB-231 MDA MB-436 MDA MB-453 

6 96.29 ± 5.81 102.18 ± 6.17 101.63 ± 6.13 93.24 ± 5.63 

7 76.14 ± 4.59 94.62 ± 5.71 99.18 ± 5.99 71.28 ± 4.30 

8 84.18 ± 5.08 97.17 ± 5.86 104.04 ± 6.28 87.21 ± 5.26 

9 79.18 ± 4.78 95.99 ± 5.79 99.77 ± 6.02 76.34 ± 4.61 

10 71.57 ± 4.32 90.73 ± 5.90 97.79 ± 3.63 66.52 ± 4.53 

Curcumin 61.92 ± 3.09 49.56 ± 2.47 73.90 ± 3.69 70.32 ± 3.51 

Dox 15.22 ± 0.76 0.154 ± 0.00 30.96 ± 1.54 22.42 ± 1.12 
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atom positioned one carbon away from the phenyl ring, exhi-

bited greater activity compared to compounds 9, 6 and 8.  

 Cell cycle analysis by flow cytometry: Compound 10 

was tested on the MCF-7 cell line for cell cycle distribution. 

Untreated MCF-7 cells were used as a reference control. 

Control was used for taking baseline and distribution cells in 

different phases (G0/G1, S and G2/M). Normal cell proli-

feration was observed in control cells and the proliferation 

distribution in different phases was found to be 40.41%, 

44.56% and 15.02% in G0/G1, S and G2/M phases, respec-

tively. Curcumin-treated cells have shown a significant increase 

in the population of G2/M to 34.00% to that of control 

(15.02%). S-phase cells were decreased to 23.71% from the 

control, which indicates arrest of G2/M phase (Table-2). 

Compound 10 treated cells significantly follow a different 

pattern than control and curcumin, with a predominant incre-

ase in the accumulation of cells in S phase by 63.67% and a 

decrease in other phases by 29.53% (G0/G1) and 6.80% 

(G2/M). Compound 10 significantly increased the S-phase 

population to 63.67 ± 3.1% compared to control (44.56 ± 

 

Fig. 3. % Cell viability of compound 10 against MCF-7 cell line, MDA-MB-231 cell line, MDA-MB-453 cell line and MDA-MB-436 cell 

line 
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1.8%, p < 0.001), indicating statistically significant S-phase 

arrest. Compound 10 induces S-phase accumulation, sugges-

ting possible interference with DNA replication, rather than 

confirming replication inhibition. Future studies including DNA 

synthesis assays and replication stress markers are planned to 

further elucidate the mechanism. In Fig. 5, presented flow 

cytometry profile in histograms and scattered plots of cell 

cycle analysis on MCF-7 cells is presented. 

 Molecular docking: Molecular modeling experiments 

have revealed the importance of amino acid residues of wild 

protein taget (EGFR2) like Lys745, Leu 788, Ile 789, Met790 

and Met793, which are crucially involved in the ATP site of 

the enzyme. It is composed of a hydrophobic binding pocket 

with Leu 747, Ile 759, Met 766, Leu 777 and Leu 788. Another 

structural element, the DFG motif, is composed of Asp855, 

Phe856 and Gly857. The urea moiety of the co-crystallised 

ligand showed hydrogen-bonding interactions with Ala722 

and Asp837. The pyrrolo-pyrimidine part of the structure 

formed hydrogen bonds with Asp855 and Phe856. A -cation 

interaction was observed with Arg841. It showed an XP-G 

score of -10.764. 

 Compounds from 6-10 show XP G-scores higher than or 

equal to -4 as shown in Table-3. Compound 10 shows the best 

glide score of -5.857, with three hydrogen bonding interactions  

 

Fig. 4. Structure-activity relationship of compounds 6-10 

 
TABLE-2 

CELL CYCLE DISTRIBUTION (% OF CELLS IN EACH PHASE) AND POSSIBLE MECHANISMS 

Treatment G0/G1(%) S (%) G2/M (%) p-value (vs. control) 

Control 40.41 ± 2.3 44.56 ± 1.8 15.02 ± 1.2 – 

Curcumin 42.29 ± 1.9 23.71 ± 2.1 34.00 ± 2.5 p < 0.01 

Compound 10 29.53 ± 2.0 63.67 ± 3.1 6.80 ± 1.4 p < 0.01 

Data are expressed as mean ± SD (n = 3). Statistical analysis was performed using one-way ANOVA followed by Tukey’s post hoc test. 

Differences were considered significant at p < 0.05. 

 

 

 

Fig. 5. Flow cytometry histograms and scattered plots of control, curcumin and compound 10. Data represent mean ± SD of three independent 

experiments. *p < 0.05 vs. control 
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observed with Leu718 (2.15), Cys797 (2.20) and Asp-837 

(1.83) and a - stacking interaction with Arg841 (3.41 Å) 

and a halogen bond with Met793 (1.93 Å). The second highest 

glide (-5.448) score was observed for compound 7, with two 

hydrogen bonding interactions with Arg841 (1.96 Å) and 

Arg841 (2.12 Å). Compound 9 is the third-ranked molecule 

and the glide score is about -5.152, with four hydrogen bon-

ding interactions with Ser720 (2.31 Å), Leu718 (2.56 Å), 

Cys797 (2.21 Å) and Arg 841 (2.01 Å). Compound 6 has 

shown a moderate glide score (-4.983) with five hydrogen 

bonding interactions with Leu718 (2.91 Å), Val717 (1.01 Å), 

Val717 (1.03 Å), Cys797 (2.03 Å) and Val876 (2.41 Å). The 

least glide score was obtained for compound 8 is about -4.448, 

with only one hydrogen bonding interaction with Val876 

(2.81 Å). The 2D and 3D bonding interactions of compounds 

6-10, co-crystallised ligand and curcumin are shown in Fig. 6.  

 Docking studies show that the compounds 6-10 showed 

a stable binding conformation with an active site pocket of 

the EGFR2 target. The ligands were stabilised via hydrogen 

bonds, hydrophobic bonds and halogen bonds. These types 

of binding interactions support that the test compounds may 

significantly interfere with the function of the target proteins. 

Conclusion 

 In current study, designed and synthesised a series of anti-

proliferative curcumin-pyrazole arylacetamide analogs in good 

yields. MTT assay of the test compounds on four breast cancer 

TABLE-3 

DOCKING XP G-SCORES AND BINDING INTERACTIONS WITH COMPOUNDS 6-10 

Compound 
Glide 

score 

Hydrogen binding interaction with  

amino acid residues (bond distance in Å) 

Other binding interactions  

(bond distance Å) 

6 -4.983 Leu718 (2.91); Val717 (1.01); Val717 (1.03); Cys797 (2.03); Val876 (2.41) – 

7 -5.448 Arg841 (1.96); Arg841 (2.12) – 

8 -4.448 Val876 (2.81) – 

9 -5.152 Ser720 (2.31); Leu718 (2.56); Cys797 (2.21); Arg 841 (2.01) – 

10 -5.857 Leu718 (2.15); Cys797 (2.20); Asp837 (1.83) pi-pi stacking - Arg841 (3.41); 

halogen bond - Met793 (1.93) 

Curcumin -8.261 Thr854 (1.97) pi-pi stacking-Phe856 (3.73) 

Cocrystal -10.764 Gly857 (1.85); Thr854 (2.01); Asp800 (1.96); Cys797 (2.22); Met793 (1.78); 

Lys745 (1.97) 

halogen bond-Leu788 (3.73); pi-pi 

stacking-Phe856 (3.30) 
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cancer cell lines demonstrated that all the synthesised curcumin-

pyrazole based acetamides showed moderate to better anti-

proliferative activity. The 4-chloro derivative 10 and unsub-

stituted 7 showed the best cytotoxicity against all the cell 

lines. Cell cycle studies on the MCF-7 cell line indicate that 

the growth of cells was inhibited by arresting the cell cycle 

in S phase. Molecular docking results suggested that the com-

pounds have moderate to good binding score (glide scores) in 

the range of -5.857 to -4.448 kcal/mol. Most of the comp-

ounds have hydrogen bonds, - stacking, hydrophobic and 

-cation interactions. These results provide valuable insight 

into the development of curcumin–pyrazole-based acetamide 

derivatives as promising candidates for anticancer drug dis-

covery. 
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