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In this study, a series of twelve novel indazole-diaryl urea hybrids (R1-R12) was designed, synthesised and structurally characterised with 

the aim of developing new breast cancer therapeutics. The synthetic strategy employed a multistep route starting from 5-bromo-1H-

indazole and afforded the desired derivatives in good yields. The chemical structures of all final products were confirmed using 1H and 
13C NMR spectroscopy, FTIR and mass spectrometry, ensuring high purity and structural integrity. In vitro cytotoxic activity was assessed 

against the MCF-7 human breast cancer cell line using the MTT assay. Among the synthesised molecules, compounds R7, R8 and R11 

emerged as the most active, with IC50 values of 13.15, 12.71 and 11.48 M, respectively. Notably, these values represent a significant 

improvement compared to the reference drug sorafenib (IC50 = 29.3 M). Structure–activity relationship (SAR) analysis suggested that 

electron-withdrawing substituents such as fluorine and chlorine, as well as di-substituted aromatic rings, enhanced cytotoxic potency. 

Molecular docking studies were performed on the histone deacetylase crystal structure (HDAC, PDB ID: 4LXZ) to provide structural 

insights into binding affinity. The most potent compounds displayed favourable docking scores (R7 = -10.1 kcal/mol and R11 = -9.5 

kcal/mol) and established key hydrogen bonding and hydrophobic interactions with active site residues, validating the experimental data. 

In addition, in silico ADME profiling using SwissADME demonstrated compliance with Lipinski’s rule of five, favourable log P values 

and suitable topological polar surface area (TPSA), indicating good oral bioavailability and drug-likeness. Taken together, these results 

demonstrate that indazole-diaryl urea hybrids, particularly compounds R7, R8 and R11, possess significant cytotoxic potential against 

breast cancer cells and outperform sorafenib in vitro. The combined experimental and computational data highlight these compounds as 

promising lead scaffolds for further optimisation and development of next-generation anticancer therapeutics. 
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INTRODUCTION 

 Heterocyclic scaffolds are important in medicinal chemistry 

due to their structural diversity and ability to form non-covalent 

interactions such as hydrogen bonding, - stacking and hydro-

phobic contacts, enabling efficient target binding [1,2]. Substi-

tuted heterocycles further enhance pharmacokinetic properties 

and binding affinity, with indazole derivatives receiving parti-

cular attention.  

                                                           
This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This 

license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original 

creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made. 

 The indazole framework, a fused pyrazole-benzene bicy-

clic system, offers planar geometry and tunable electronic 

properties that support diverse chemical modifications [3,4]. 

Indazole derivatives exhibit various biological activities inclu-

ding anti-inflammatory, antimicrobial and anticancer effects, 

with reported cytotoxicity against breast, lung and colon cancer 

cell lines [5,6]. Substituent variations such as electron-with-

drawing or electron-donating groups further modulate biol-

ogical activity by influencing lipophilicity, electronic distri-

bution and hydrogen-bonding interactions [7]. 
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 In parallel, the diaryl urea moiety represents another 

pharmacophore of great therapeutic interest. Diaryl urea deri-

vatives are well-known for their ability to inhibit kinase path-

ways, angiogenesis and cell proliferation [8,9]. The urea linker 

enables hydrogen bonding with enzyme residues, while aro-

matic substituents enhance hydrophobic and - stacking inter-

actions, contributing to improved binding affinities and bio-

logical activities [10]. 

 Breast cancer remains one of the most prevalent malig-

nancies and a leading cause of mortality among women world-

wide. Limitations of current therapies including resistance 

and toxicity, highlight the need for novel chemo-therapeutic 

agents targeting key cancer-related pathways [11,12]. The combi-

nation of indazole and diaryl urea moieties into hybrid mole-

cules is therefore a promising strategy to generate compounds 

with synergistic pharmacological properties. By merging two 

biologically validated pharmacophores, the resulting hybrids 

are expected to achieve enhanced cytotoxic effects through 

multiple binding interactions at the active site of cancer-related 

targets. To test this hypothesis, we designed and synthesised 

a focused library of twelve indazole-diaryl urea hybrids (R1-

R12) using a multistep synthetic approach. 

 The synthesised compounds were subjected to the struc-

tural characterisation using spectroscopic and spectrometric 

techniques including 1H and 13C NMR and mass spectrometry. 

Their cytotoxic activity was evaluated against the MCF-7 

human breast cancer cell line using the MTT assay and results 

were benchmarked against sorafenib. To rationalize the biolo-

gical findings, molecular docking was carried out using the 

histone deacetylase (HDAC) crystal structure (PDB ID: 4LXZ), 

which provided insights into binding modes, interaction profiles 

and docking scores. Furthermore, drug-likeness and physico-

chemical properties were assessed through in silico ADME 

profiling. 

EXPERIMENTAL 

 All reagents and solvents were of analytical grade and 

procured from Avra Synthesis Pvt. Ltd., Finar Chemicals and 

Spectrochem Pvt. Ltd., India. All reactions were monitored 

by thin-layer chromatography (TLC) using silica gel 60 F254 

pre-coated plates (0.2 mm, Merck). Visualisation was done 

under UV light or by exposure to iodine vapours. Column 

chromatography was performed using silica gel (60-120 mesh) 

with appropriate solvent systems. Melting points were deter-

mined by the open capillary method and are uncorrected. 

FTIR spectra were recorded using a Shimadzu FTIR-8400 

spectrophotometer in ATR mode. 1H and 13C NMR spectra 

were acquired on a Bruker Avance II spectrometer operating 

at 400 MHz and 101 MHz, respectively, using DMSO-d6 as 

solvent and tetramethylsilane (TMS) as the internal reference. 

Mass spectra were recorded on a JEOL-JMSD-300 spectro-

meter at 70 eV.  

 Synthesis of indazole-diaryl urea derivatives (R1-R12): 

A new series of indazole-diaryl urea derivatives (R1-R12) was 

successfully synthesised through a multisteps reaction route, 

beginning from 5-bromo-1H-indazole as the key starting 

material. Initially, 5-bromo-1H-indazole was protected with 

2-(trimethylsilyl)-ethoxymethyl chloride (SEM-chloride) using 

NaH in DMF at 0 ºC under N2 atmosphere, followed by the 

extraction and purification to obtain the protected interme-

diate. Palladium-catalysed coupling with an aryl halide using 

XPhos and Pd2(dba)3 in 1,4-dioxane afforded the arylated 

indazole derivative, which was subsequently deprotected with 

4 M HCl in dioxane to obtain the free amine. The amine was 

reacted with substituted anilines in THF using triphosgene and 

triethylamine to form diaryl urea intermediates [13,14]. Final 

deprotection with triflic acid in dichloromethane provided the 

indazole-diaryl urea derivatives (R1-R12) (Scheme-I), which 

were purified by column chromatography. 

 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-1-methyl-3-(1-

methyl-2-oxo-5-(trifluoromethyl)-1,2-dihydropyridin-3-

yl)urea (R1): Yield: 43.02%; 1H NMR (400 MHz, DMSO,   

ppm): 3.34 (s, 3H, CH3), 3.37 (s, 3H, CH3), 6.0 (s, 1H, CONH), 

6.38 (s, 1H, ArH), 6.67 (d, 1H, ArH), 8.14-8.20 (t, 1H, ArH), 

7.89 (s, 1H, ArH), 1.60, 1.85 (m, 2H, CH2), 2.91, 3.01 (m, 2H, 

CH2), 12.4 (d, 1H, ArNH indazole ring); 13C NMR (101 MHz, 

DMSO,  ppm): 26.8 (X2), 29.7, 39.7, 51.4 (X2), 65.3, 99.1, 

114.5, 116.0, 117.6, 120.5, 124.9, 127.4, 129.7 (X2), 131.8, 134.2, 

136.1, 150.4 (C=O), 158.6 (C=O); ESI-MS m/z: 449.34 [M +1]. 

 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-1-methyl-3-phenyl- 

urea (R2): Yield: 51.48%: 1H NMR (400 MHz, DMSO,  ppm): 

12.4 (s, 1H, ArNH indazole ring), 8.14-8.20 (m, 1H, ArH), 

7.43-7.61 (m, 1H, ArH), 7.19-7.61 (m, 1H, ArH), 1.85 (d, 2H, 

CH2), 3.47 (s, 3H, CH3); 13C NMR (101 MHz, DMSO,  ppm): 

26.8 (X2), 51.4 (X2), 65.2, 99.1, 114.5, 117.6, 121.6 (X2), 

124.9, 128.0, 128.9 (X2), 129.4, 134.2, 136.1, 139.4, 155.1 

(C=O); ESI-MS m/z: 350.19 [M+H]+. 

 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-3-(4-hydroxy-

phenyl)-1-methylurea (R3): Yield: 53.18%, 1H NMR (400 

MHz, DMSO,  ppm): 12.4 (s, 1H, ArNH indazole ring), 8.14-

8.20 (d, 1H, ArH), 7.45 (d, 1H, ArH), 7.18 (s, 1H, ArH), 6.93 

(d, 1H, ArH), 6.67 (s, 1H, ArH), 6.0 (s, 1H, CONH), 5.35 (s, 

1H, ArOH), 3.60 (m, 3H, ArH), 3.47 (s, 3H, CH3), 2.91-3.01 

(m, 1H, CH2), 1.60, 1.85 (m, 1H, CH2); 13C NMR (101 MHz, 

DMSO,  ppm): 29.3 (X2), 50.0, 51.4 (X2), 99.1, 114.5, 116.1, 

117.6, 123.0 (X2), 124.9, 129.4, 132.0, 134.2, 136.1, 154.1, 

154.3 (C=O); ESI-MS m/z: 366.19 [M+H]+. 

 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-3-(4-fluorophenyl)- 

1-methylurea (R4): Yield: 48.54%; 1H NMR (400 MHz, 

DMSO,  ppm): 12.4 (s, 1H, ArNH indazole ring), 6.0 (s, 2H, 

CONH), 8.14-8.20 (d, 1H, ArH), 7.60 (d, 1H, ArH), 7.22 (d, 

1H, ArH), 6.67 (t, 1H, ArH), 1.85 (m, 2H, CH2), 1.59 (m, 2H, 

CH2), 2.91-3.01 (m, 1H, CH2); 13C NMR (101 MHz, DMSO, 

 ppm): 26.8 (X2), 29.2, 51.4 (X2), 65.2, 99.1, 114.5, 115.7, 

117.6, 119.3 (X2), 124.9, 129.4, 134.2, 135.0, 136.1, 155.1 

(C=O), 162.9; ESI-MS m/z: 350.19 [M+H]+. 

 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-3-(3,5-dichloro-

phenyl)-1-methylurea (R5): Yield: 38.25%; 1H NMR (400 

MHz, DMSO,  ppm): 12.4 (s, 1H, ArNH indazole ring), 6.0 

(s, 2H, CONH), 3.47 (s, 3H, CH3), 1.85, 1.60 (m, 2H, CH2), 

2.91-3.01 (m, 2H, CH2), 3.60 (t, 1H, ArH), 6.67 (d, 1H, ArH), 

7.18 (s, 1H, ArH), 7.43 (s, 1H, ArH), 7.83 (d, 1H, ArH), 8.14-

8.20 (d, 1H, ArH); 13C NMR (101 MHz, DMSO,  ppm): 26.8 

(X2), 29.2, 51.4 (X2), 65.2, 99.1, 114.5, 117.6, 120.1 (X2), 

124.9 (X2), 129.2 (X2), 134.2, 136.1, 138.7, 155.1 (C=O), 

ESI-MS m/z: 419.2 [M +1].  
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 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-3-(2-ethoxy-

phenyl)-1-methylurea (R6): Yield: 54.35%; 1H NMR (400 

MHz, DMSO,  ppm): 12.4 (s, 1H, ArNH indazole ring), 6.0 

(s, 2H, CONH), 3.47 (s, 3H, CH3), 8.20 (d, 1H, ArH), 2.91-3.01 

(m, 1H, CH2), 1.85 (m, 2H, CH2), 1.59 (m, 2H, CH2), 7.18 (d, H, 

ArH), 7.08 (m, 1H, ArH), 7.85 (d, 1H, ArH), 6.99 (d, 1H, ArH), 

1.32 (s, 3H, CH3), 4.09 (m, 1H, CH2); 13C NMR (101 MHz, 

DMSO,  ppm): 14.8. 26.8 (X2), 29.2, 51.4 (X2), 64.6, 65.2, 

99.1, 112.9, 114.5, 117.6, 119.9, 120.5, 124.3, 124.9, 127.8, 

129.4, 134.2, 136.1, 155.1 (C=O), 155.6 (C=O); ESI-MS m/z: 

394.22 [M+H]+. 

 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-3-(3-fluorophenyl)- 

1-methylurea (R7): Yield: 50.79%; 1H NMR (400 MHz, 

DMSO,  ppm): 12.4 (s, 1H, ArNH indazole ring), 6.0 (s, 2H, 

CONH), 3.47 (s, 3H, CH3), 8.20 (m, 1H, ArH), 2.91-3.01 (m, 

1H, CH2), 1.85 (m, 2H, CH2), 1.59 (m, 2H, CH2), 7.18 (d, H, 

ArH), 3.60 (m, 1H, ArH), 7.75 (d, 1H, ArH), 6.67 (s, 1H, ArH), 

1.32 (s, 3H, CH3), 4.09 (m, 1H, CH2), 8.14 (m, 1H, ArH), 

7.38-7.41 (m, 1H, ArH), 6.98 (m, 1H, ArH); 13C NMR (400 

MHz, DMSO,  ppm): 26.8 (X2), 29.2, 51.4 (X2), 65.2, 99.1, 

114.5, 116.5, 117.6, 124.9, 129.4, 130.5, 134.2, 136.1, 137.5, 

155.1 (C=O), 163.1; ESI-MS m/z: 368.18 [M+H]+. 

 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-3-(3,5-difluoro- 

phenyl)-1-methylurea (R8): Yield: 50.17%; 1H NMR (400 

MHz, DMSO,  ppm): 12.4 (s, 1H, ArNH indazole ring), 6.0 

(s, 2H, CONH), 3.47 (s, 3H, CH3), 8.20 (t, 1H, ArH), 2.91-3.01 

(m, 1H, CH2), 1.85 (m, 2H, CH2), 1.59 (m, 2H, CH2), 7.18 (s, H, 

ArH), 3.60 (m, 1H, ArH), 7.52 (d, 1H, ArH), 6.42 (m, 1H, ArH), 

8.14 (t, 1H, ArH), 7.38-7.41 (m, 1H, ArH), 6.98 (m, 1H, ArH); 
13C NMR (101 MHz, DMSO,  ppm): 26.8 (X2), 29.2, 51.4 

(X2), 65.2, 99.1, 100.3, 112.1 (X2), 114.5, 117.6, 124.9, 129.4, 

134.2, 136.1, 139.1, 155.1 (C=O), 157.9 (X2); ESI-MS m/z: 

368.17 [M+H]+. 

 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-1-methyl-3-(m-

tolyl)urea (R9): Yield: 66.79%; 1H NMR (400 MHz, DMSO, 

 ppm): 12.4 (s, 1H, ArNH indazole ring), 6.0 (s, 2H, CONH), 

3.47 (s, 3H, CH3), 8.20 (m, 1H, ArH), 2.91-3.01 (m, 1H, CH2), 

1.85 (m, 2H, CH2), 1.59 (m, 2H, CH2), 7.18 (d, H, ArH), 3.60 

(m, 1H, ArH), 7.75 (d, 1H, ArH), 6.67 (s, 1H, ArH), 1.32 (s, 

3H, CH3), 4.09 (m, 1H, CH2), 8.14 (m, 1H, ArH), 7.38-7.41 

(m, 1H, ArH), 6.98 (m, 1H, ArH); 13C NMR (DMSO) δ ppm: 

21.3, 26.8 (X2), 29.2, 51.4 (X2), 65.2, 99.1, 114.5, 117.6, 

118.6, 124.6, 124.9, 128.8, 129.4, 134.2, 135.8, 136.1, 138.6, 

155.1 (C=O); ESI-MS m/z: 364.21 [M+H]+. 

 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-3-(3-bromo-

phenyl)-1-methylurea (R10): Yield: 32.60%; 1H NMR (400 

MHz, DMSO,  ppm): 12.4 (s, 1H, ArNH indazole ring), 6.0 

(s, 2H, CONH), 3.47 (s, 3H, CH3), 8.20 (s, 1H, ArH), 2.91-

3.01 (m, 1H, CH2), 1.60-1.85 (m, 2H, CH2), 7.18 (d, H, ArH), 

3.60 (m, 1H, ArH), 7.75 (d, 1H, ArH), 6.67 (s, 1H, ArH), 7.87 

(s, 1H, ArH), 8.14 (s, 1H, ArH), 7.34 (s, 1H, ArH); 13C NMR 

(400 MHz, DMSO,  ppm): 26.8 (X2), 29.2, 51.4, 65.2, 99.1, 

 

Scheme-I: Synthesis of diaryl urea fused indazole derivatives 
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114.5, 117.6, 120.8, 123.3, 124.9, 127.2, 129.4, 130.0, 134.2, 

136.1, 138.1, 155.1 (C=O); ESI-MS m/z: 428.10 [M+H]+.  

 1-((1-(1H-Indazol-5-yl)piperidin-4-yl)(methyl)carba-

moyl)benzamide (R11): Yield: 37.50%; 1H NMR (400 MHz, 

DMSO,  ppm): 12.4 (s, 1H, ArNH indazole ring), 10.0 (s, 2H, 

CONH), 3.47 (s, 3H, CH3), 8.20 (s, 1H, ArH), 2.91-3.01 (m, 

1H, CH2), 1.60-1.85 (m, 2H, CH2), 7.18 (s, H, ArH), 3.60 (m, 1H, 

ArH), 7.63-7.70 (m, 1H, ArH), 6.67 (d, 1H, ArH), 7.87 (s, 1H, 

ArH), 8.14 (s, 1H, ArH), 8.03 (s, 1H, ArH); 13C NMR (101 

MHz, DMSO,  ppm): 26.8 (X2), 28.9, 51.4, 64.9, 99.1, 114.5, 

117.6, 124.9, 127.5 (X2), 128.8 (X2), 129.4, 132.1, 133.2, 134.2, 

136.1, 153.8 (C=O), 167.2 (C=O), ESI-MS m/z: 378.3 [M +1]. 

 1-(1-(1H-Indazol-5-yl)piperidin-4-yl)-3-(4-methoxy-

phenyl)-1-methylurea (R12): Yield: 44.78%; 1H NMR (400 

MHz, DMSO,  ppm): 12.4 (s, 1H, ArNH indazole ring), 6.0 

(s, 2H, CONH), 3.47 (s, 3H, CH3), 8.20 (t, 1H, ArH), 2.91-3.01 

(m, 1H, CH2), 1.60-1.85 (m, 2H, CH2), 7.18 (s, H, ArH), 3.60 

(m, 1H, ArH), 7.51 (d, 1H, ArH), 6.97 (d, 1H, ArH), 6.67 (d, 

1H, ArH), 7.51 (d, 1H, ArH), 8.14 (s, 1H, ArH), 7.34 (s, 1H, 

ArH), 3.87 (s, 3H, CH3); 13C NMR (101 MHz, DMSO,  ppm): 

26.8 (X2), 29.2, 51.4 (X2), 55.8, 65.2, 99.1, 114.5 (X3), 117.6, 

119.8 (X2), 124.9, 129.4, 131.7, 134.2, 136.1, 155.1 (C=O), 

158.9; ESI-MS m/z: 380.20 [M+H]+. 

 Cell culture and in vitro cytotoxicity evaluation: The 

anticancer activity of the synthesised compounds (R1-R12) was 

evaluated in MCF-7 human breast adenocarcinoma cells 

obtained from NCCS, Pune, India. Cells were cultured in MEM 

supplemented with 10% FBS and antibiotics at 37 ºC in 5% 

CO2. Stock solutions of the compounds were prepared in 

DMSO and diluted with culture medium, maintaining final 

DMSO concentration below 0.1%. Cytotoxicity was assessed 

using the MTT assay by seeding MCF-7 cells (2 × 104 cells/ 

well) in 96-well plates, followed by treatment with comp-

ounds (1-100 M) for 24 h. After incubation with MTT solu-

tion, the formed formazan crystals were dissolved in DMSO 

and absorbance was measured at 570 nm using a microplate 

reader [15,16]. The percentage of viable cells was calculated 

relative to untreated control cells using the eqn. 1: 

  
sample

control

Abs
100

Ab
Cell viability %

s
 ( ) =   (1) 

 The half-maximal inhibitory concentration (IC50) values 

were obtained from dose–response curves plotted using Graph-

Pad Prism 8 software. Sorafenib was used as the reference 

standard for comparison. All experiments were carried out in 

triplicate and the results were expressed as mean ± standard 

deviation (SD). 

 Molecular docking and ADME analysis: Molecular 

docking studies were performed to investigate the interaction 

profile and binding affinity of the synthesised indazole-diaryl 

urea derivatives with the crystal structure of histone deacetyl-

ase (HDAC, PDB ID: 4LXZ). The protein was prepared by 

removing water molecules and adding hydrogen atoms using 

Schrödinger’s protein preparation wizard. Ligand structures 

were drawn in ChemDraw and energy-minimised using the 

OPLS4 force field in Maestro. Docking was performed using 

the Glide module in extra-precision (XP) mode and the top-

ranked poses were analysed based on docking score, hydrogen 

bond interactions and hydrophobic contacts within the active 

site pocket. Visualisation and interpretation of interactions were 

carried out using Maestro and PyMOL software. 

 In silico prediction of physico-chemical and pharmaco-

kinetic parameters was carried out using the SwissADME online 

platform to evaluate the drug-likeness and bioavailability of 

the synthesised compounds. Parameters such as molecular weight, 

hydrogen bond donors and acceptors, partition coefficient 

(log P), aqueous solubility (log S), topological polar surface 

area (TPSA) and number of rotatable bonds were calculated. 

Lipinski’s rule of five and Veber’s rule were used as refer-

ence criteria to assess oral bioavailability and drug-likeness. 

 Statistical analysis: All biological data were expressed 

as mean ± standard deviation (SD) from at least three indep-

endent experiments. Statistical analysis was performed using 

one-way ANOVA followed by Tukey’s post hoc test, with p 

< 0.05 considered statistically significant. Dose-response 

curves and IC50 values were calculated using GraphPad Prism 

8 software. 

RESULTS AND DISCUSSION 

 A new library of twelve indazole-urea derivatives (R1-R12) 

was successfully synthesised and characterised to confirm their 

chemical structures and purity. The synthetic design was 

focused on incorporating the indazole nucleus, a privileged 

heterocycle known for anticancer properties, with a urea 

pharmacophore capable of establishing multiple hydrogen-

bonding interactions with biological targets such as histone 

deacetylase (HDAC). The purity and reproducibility of all 

synthesised molecules were confirmed by sharp melting points 

and single-spot TLC profiles. 

 All compounds were obtained in moderate to good yields 

(32-67%) and were characterised comprehensively by FTIR, 
1H NMR, 13C NMR and ESI-MS spectroscopy. The analy-

tical data were in excellent agreement with the proposed 

structures, confirming the successful formation of the desired 

urea-linked indazole scaffolds. In the 1H NMR spectra, each 

compound exhibited a distinctive singlet at  ~6.0 ppm corres-

ponding to the urea NH proton, while the indazole NH proton 

consistently appeared as a singlet near  12.4 ppm, confir-

ming the retention of the indazole framework. The aromatic 

region ( 6.5-8.3 ppm) showed multiple signals consistent 

with the substitution pattern of the phenyl moiety attached to 

the urea linker. Methyl substituents appeared as singlets around 

 3.3-3.5 ppm, while methoxy or ethoxy groups were repre-

sented by peaks at  3.8-4.1 ppm. The characteristic methylene 

protons of the piperidine ring were observed as multiplets 

between  1.5-3.0 ppm, indicating the successful incorpora-

tion of the cyclic amine spacer. 

 The 13C NMR spectra of the synthesised derivatives (R1-

R12) exhibited characteristic carbonyl signals corresponding 

to the urea functionality. The urea carbonyl carbon appeared 

in the range of  153-158 ppm, consistent with the expected 

chemical shift for diaryl urea derivatives, while compounds 

containing additional amide functionalities showed signals in 

the  165-168 ppm region. Aromatic carbons were observed 

between  110-140 ppm, corresponding to the indazole and 

substituted phenyl rings. Substituents such as fluorine, chlorine 

and trifluoromethyl groups induced slight downfield shifts due 
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to their electron-withdrawing effects. The ESI-MS spectra 

further confirmed the molecular integrity of the synthesised 

compounds. Each derivative exhibited a clear [M+H]+ mole-

cular ion peak consistent with its calculated molecular weight. 

For example, compound R1 showed m/z 449.34 [M+H]+, R4 

showed m/z 350.19 [M+H]+, R8 showed m/z 368.17 [M+H]+ 

and R11 showed m/z 378.30 [M+H]+, which are in good agree-

ment with their expected molecular masses. 

 Among the series, R1, containing a trifluoromethyl group, 

displayed distinct spectral features due to the strong electron-

withdrawing effect of CF3, causing a noticeable downfield 

shift of aromatic and carbonyl signals. Fluorinated analogues 

(R4, R7, R8) exhibited characteristic C-F coupling effects in 

both proton and carbon spectra, while R3 (4-hydroxyphenyl) 

showed a diagnostic phenolic OH singlet at  5.35 ppm. 

Compounds bearing halogen substituents such as chlorine or 

bromine (R5 and R10) displayed molecular ion peaks at m/z 

419.2 and 428.10, respectively, consistent with isotopic patterns 

typical of halogen-containing molecules. 

 In vitro anticancer activity: The cytotoxic activity of 

the synthesised indazole-diaryl urea derivatives (R1-R12) was 

evaluated against the human breast adenocarcinoma cell line 

(MCF-7) using the standard MTT assay. Sorafenib, a well-

established diaryl urea-based multikinase inhibitor, was used 

as a reference standard for comparison. The IC50 values were 

calculated from the dose-response curves obtained after 24 h 

exposure and the results are summarised in Table-1. 
 

TABLE-1 

In vitro ANTI-CANCER ACTIVITY DATA OF SYNTHESISED 

INDAZOLE-DIARYL UREA DERIVATIVES (R1-R12) 

Compd. IC50 (µM) Compd. IC50 (µM) 

R1 18.39 R7 13.15 

R2 21.13 R8 12.71 

R3 22.37 R9 17.12 

R4 12.39 R10 25.12 

R5 14.07 R11 11.48 

R6 12.10 R12 15.36 

  Sorafenib 29.3 
 

 All the synthesised compounds exhibited measurable 

cytotoxic effects with IC50 values ranging between 11.48 and 

25.12 M. The results were obtained from three independent 

experiments and are expressed as mean ± standard deviation 

(S.D.). Statistical analysis was performed using one-way 

ANOVA followed by Tukey’s post-hoc test, with p < 0.05 

considered statistically significant.  

 Among the series, R7 (p-F), R8 (o-F, p-F) and R11 (–H) 

displayed the most potent inhibition of MCF-7 cell prolifera-

tion, with IC50 values of 13.15, 12.71 and 11.48 M, respect-

ively. These compounds were found to be significantly more 

active than standard sorafenib (IC50 = 29.3 M), indicating 

enhanced potency conferred by the hybrid indazole-diaryl urea 

scaffold. Moderate activity was observed for R5 (o-Cl, p-Cl) 

(IC50 = 14.07 M) and R4 (–F) (IC50 = 12.39 M), while 

electron-donating groups such as -OCH3 (R12, IC50 = 15.36 M) 

and -CH3 (R9, IC50 = 17.12 M) slightly decreased cytotoxic 

potency. The least active compounds were R3 (-OH) and R10 

(-Br), with IC50 values above 20 M. The observed trend 

highlights the importance of electronic effects in modulating 

anticancer activity. 

 Structure-activity relationship (SAR): SAR analysis 

indicated that both electronic and steric effects of aromatic 

substituents strongly influenced cytotoxic potency. Compounds 

bearing electron-withdrawing groups, particularly fluorine 

and chlorine, showed higher activity than electron-donating 

analogues. Fluorinated derivatives (R7 and R8) improved lipo-

philicity, metabolic stability and ligand-protein interactions, 

while the difluoro substitution in R8 (o-F, p-F) provided an 

optimal balance of hydrophobic and electronic effects, resul-

ting in enhanced cell growth inhibition. 

 Steric bulk influences target binding as dichloro-substi-

tuted R5 demonstrated good potency (IC50 = 14.07 M) but 

was slightly less active than fluoro analogues, possibly due to 

steric hindrance around the urea linkage restricting optimal 

orientation within the HDAC binding pocket. Electron-donating 

groups reduce potency which is shown by the presence of -OH 

or -OCH3 groups (R3 and R12) led to lower activity, likely due 

to increased electron density on the aromatic ring, which 

reduces the electrophilicity of the urea carbonyl group and 

weakens hydrogen bonding with target residues. Moreover, 

polar substituents may engage in solvent hydrogen bonding, 

thereby diminishing binding affinity at the hydrophobic pocket 

of HDAC. Unsubstituted analogue retains strong baseline 

activity as the unsubstituted compound R11 exhibited strong 

activity (IC50 = 11.48 M), suggesting that the indazole-diaryl 

urea core itself possesses intrinsic cytotoxic potential, possibly 

through dual engagement with kinase and HDAC targets, as 

seen in similar scaffolds reported in literature [17]. These 

findings establish that the electron-withdrawing substituents, 

especially fluorine, play a key role in strengthening the bio-

logical activity of these compounds. 

 In silico ADME and drug-likeness evaluation: To predict 

the pharmacokinetic and physico-chemical properties of the 

synthesised compounds, ADME analyses were performed 

using the SwissADME web tool. All compounds exhibited 

drug-like characteristics with no violations of Lipinski’s rule 

of five, depicted in Table-2. 

 The calculated molecular weights were below 500 Da, 

and hydrogen bond donors and acceptors ranged from 2-3 and 

4-6, respectively, remaining within acceptable limits for oral 

drug candidates. Predicted log P values (1.87-4.67) indicate 

balanced lipophilicity, supporting membrane permeability and 

bioavailability, while aqueous solubility (log S) values betw-

een -4.07 and -5.44 correspond to moderately soluble lipo-

philic compounds. TPSA values below 90 Å2 suggest efficient 

passive diffusion across cell membranes. The limited number 

of rotatable bonds ( 8) and moderate molecular flexibility 

are consistent with favourable oral absorption. None of the 

compounds were predicted to cross the blood-brain barrier, 

which is advantageous for anticancer agents targeting perip-

heral tissues. These ADME parameters indicate suitable 

physico-chemical properties, structural stability and predicted 

absorption characteristics, supporting further in vivo pharma-

cological evaluation. 

Conclusion 

 A library of indazole-diaryl urea derivatives (R1-R12) was 

successfully designed, synthesised and structurally character-

ised, confirming the formation of the intended scaffolds with 



1266 Patel et al.  Asian J. Chem. 

good purity and reproducibility. Spectroscopic analyses (1H/ 
13C NMR and ESI-MS) verified the presence of key funct-

ional features, including the indazole core and urea linkage, 

supporting the structural integrity of the synthesised comp-

ounds. The cytotoxic evaluation against MCF-7 breast cancer 

cells demonstrated that several derivatives exhibited signifi-

cant antiproliferative activity, with compounds R7, R8 and 

R11 showing enhanced potency compared to the reference 

drug. Structure–activity relationship analysis indicated that 

electron-withdrawing substituents particularly fluorine, impr-

oved biological activity, while steric and electronic factors 

influenced binding interactions and cytotoxic response. In 

silico ADME predictions revealed favourable drug-like prop-

erties, including acceptable molecular weight, balanced lipo-

philicity, suitable polarity and predicted oral absorption, 

supporting the pharmacokinetic suitability of the series. These 

findings highlight the indazole-diaryl urea scaffold as a pro-

mising framework for anticancer drug development and 

provide a basis for investigations and in vivo evaluation. 
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