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Azaindole-based scaffolds are recognised for their diverse pharmacological properties, including anticancer, anti-angiogenic, antioxidant, 

antibacterial, antifungal and anti-inflammatory activities. In present study, a novel series of 4-chloro-1H-pyrrolo[2,3-b]pyridine-3-amine 

derivatives was synthesised and characterised to investigate their potential as poly(ADP-ribose) polymerase-1 (PARP1) inhibitors for 

anticancer therapy. The synthesised derivatives were evaluated for anticancer activity against MCF-7 breast cancer cell lines using the 

MTT assay method. Among the tested compounds, 5b, 5g, 5h and 5a demonstrated notable cytotoxic activity against breast cancer cells. 

The molecular docking studies were further performed against the PARP1 target protein (PDB ID: 7KK4) to examine ligand–protein 

interactions and binding affinity. The computational analysis revealed that compounds 5e and 5c exhibited favourable binding interactions 

within the active site, suggesting their potential as promising PARP1 inhibitory candidates for further anticancer investigations. 
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INTRODUCTION 

 Pyridine- and pyrrole-containing heterocycles constitute 

important structural motifs in medicinal chemistry because of 

their broad spectrum of pharmacological activities and thera-

peutic applications [1-4]. Pyridine derivatives, in particular, 

have attracted considerable attention owing to their signifi-

cant antitumour and anticancer properties against various cancer 

cell lines including MCF-7 and HepG-2 [5-14]. Several pyridine 

based analogues such as picolinamide and fused pyridine 

derivatives, have demonstrated potent antiproliferative and 

VEGFR-2 inhibitory activities against colorectal adenocar-

cinoma (HT-29), pancreatic cancer (PANC-1), hepatoma 

(HepG-2) and breast cancer (MCF-7) cell lines [10-13]. 

 Similarly, pyrrole-based heterocyclic systems are associ-

ated with diverse biological activities including antibacterial, 

anti-inflammatory, antiseptic, lipid-lowering, and anticancer 

effects [15-18]. Recent investigations have shown that pyrrolo-

[2,3-d]pyrimidine and azaindole derivatives exhibit promi-

sing anticancer potential through inhibition of multiple mole-
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cular targets such as epidermal growth factor receptor (EGFR), 

Janus kinases (JAK), carbonic anhydrase and murine double 

minute-2 (MDM-2) proteins [19-21]. In addition, aryl urea 

containing heterocycles form key pharmacophoric elements 

in clinically important tyrosine kinase inhibitors including 

sorafenib and linifanib [22]. 

 Breast cancer remains one of the most commonly diag-

nosed malignancies and a major cause of cancer-related mor-

tality among women worldwide [23,24]. The MCF-7 breast 

cancer cell line, characterised by estrogen receptor positivity 

and estrogen-responsive proliferation, is extensively employed 

as an experimental model for evaluating anti-estrogen thera-

pies and investigating mechanisms of drug resistance [12,23,24]. 

Despite advances in targeted therapeutics, the treatment of 

advanced breast cancer continues to face significant chall-

enges due to tumour heterogeneity, resistance development, and 

inadequate immune infiltration [23,24]. Recently, the U.S. FDA 

approved imlunestrant, an oral selective estrogen receptor 

degrader (SERD), for the treatment of hormone receptor-

positive (HR+)/HER2-negative, ESR1-mutated advanced or 

  

   

Asian Journal of Chemistry; Vol. 38, No. 5 (2026), 1361-1366 

 

 
 

https://doi.org/10.14233/ajchem.2026.35812 

 

https://orcid.org/0009-0002-5749-6038
https://orcid.org/0009-0001-2155-0840
https://orcid.org/0009-0005-7872-1400
https://orcid.org/0009-0000-6770-8976
https://orcid.org/0009-0000-6501-732X


1362 Chandra et al.  Asian J. Chem. 

metastatic breast cancer, highlighting the continuing need for 

novel targeted therapeutic agents [14]. 

 Poly(ADP-ribose) polymerase-1 (PARP1) has emerged 

as an important molecular target in anticancer drug discovery 

due to its central role in DNA damage detection and repair 

pathways [25,26]. The pharmacological inhibition of PARP1 

results in the accumulation of unrepaired DNA lesions, ulti-

mately leading to tumour cell death, particularly in cancers 

with defective DNA repair mechanisms such as breast and 

ovarian cancers [25,26]. Consequently, the development of 

novel PARP1 inhibitors based on heterocyclic scaffolds rep-

resents a promising strategy for anticancer therapy. 

 In view of the pharmacological significance of azaindole-

based heterocycles and the therapeutic relevance of PARP1 

inhibition, the present study focuses on the synthesis and 

characterisation of a new series of 4-chloro-1H-pyrrolo[2,3-b]-

pyridine-3-amine derivatives derived from 4-chloro-7-aza-

indole (5a-g). The synthesised compounds were evaluated 

for their anticancer activity against MCF-7 breast cancer cell 

lines using the MTT assay method. Furthermore, molecular 

docking studies were carried out against the PARP1 receptor 

protein (PDB ID: 7KK4) to investigate ligand-protein inter-

actions and binding affinity profiles [27,28]. 

EXPERIMENTAL 

 All the required reagents and chemicals were procured 

from Sigma-Aldrich. Reaction progress was monitored by TLC 

using silica gel G precoated plates and visualised under UV 

light ( = 254 nm) and iodine vapours. Melting points were 

deter-mined using a digital melting point apparatus. FTIR 

spectra were recorded using Shimadzu IR 460 spectrophoto-

meter, while 1H and 13C NMR spectra were obtained using a 

Bruker NMR spectrometer (500 MHz) with tetramethylsilane 

(TMS) as internal standard. 

 Synthesis of 4-chloro-N-(2-chlorophenyl)-1H-pyrrolo-

[2,3-b]pyridine-3-amine derivatives (5a-h): 4-Chloro-7-

azaindole (1) (0.01 mol) was reacted with trichloroacetic acid 

and AlCl3 (0.01 mol) in dichloromethane (25 mL) under reflux 

for 2 h. After completion of the reaction, the product was 

filtered, dried, and purified to afford intermediate (2). The inter- 

mediate was subsequently refluxed with tosyl chloride to obtain 

compound 3, which on further treatment with thionyl chloride 

and KOH in ethanol under reflux for 45 min yielded inter-

mediate 4. The resulting product was recrystallised and further 

reacted with substituted phenylamine derivatives in the presence 

of KOH/ethanol to furnish the final 4-chloro-1H-pyrrolo[2,3-b]-

pyridine-3-amine derivatives (5a-h) (Scheme-I). The final 

compounds were isolated by filtration, dried and purified 

through recrystallisation. 

 4-Chloro-N-(2-chlorophenyl)-1H-pyrrolo[2,3-b]pyri-

dine-3-amine (5a): Light yellow solid, yield: 65%, m.p.: 

179-181 ºC; 1H NMR (500 MHz, chloroform-d6,  ppm): 6.86 

(d, 1H), 7.27 (M, 1H), 7.43 (d, 1H), 7.59 (d, 2H), 7.75 (d, 

1H), 8.46 (d, 1H), 9.25 (s, 1H), 9.28 (s, 1H); 13C NMR (125 

MHz, chloroform-d6,  ppm): 100.5, 115.5, 121.9, 122.9, 122.2, 

123.4, 125.6, 127.8, 130.8, 134.2, 136.8, 143.9, 150.2. 

HRMS: m/z for C13H9Cl2N3 ([M+H]+): 277.14; found 278.16. 

 4-Chloro-N-(2,4-dichlorophenyl)-1H-pyrrolo[2,3-b]-

pyridine-3-amine (5b): Light yellow powder, yield: 68%, 

m.p.: 167-168 ºC; 1H NMR (500 MHz, chloroform-d6,  ppm): 

6.86 (d, 1H), 7.06 (m, 1H), 7.14 (d, 1H), 7.45 (d, 2H), 7.59 

(d, 1H), 8.46 (d, 1H), 9.25 (s, 1H), 9.58 (s, 1H); 13C NMR 

(125 MHz, chloroform-d6,  ppm): 100.4, 115.5, 119.2, 121.7, 

123.4, 125.6, 126.8, 127.7, 131.8, 134.3, 143.9, 150.3. HRMS: 

m/z for C13H8Cl3N3 ([M+H]+): 311.58; found 312.59. 

 4-Chloro-N-(4-chloro-3-nitrophenyl)-1H-pyrrolo[2,3-b]-

pyridine-3-amine (5c): Yellow crystal, yield: 63%, m.p.: 

157-158 ºC; 1H NMR (500 MHz, chloroform-d6,  ppm): 6.86 

(d, 1H), 7.06 (m, 1H), 7.14 (d, 1H), 7.45 (d, 2H), 7.59 (d, 1H), 

8.46 (d, 1H), 9.25 (s, 1H), 9.58 (s, 1H); 13C NMR (125 MHz, 

chloroform-d6,  ppm): 100.5, 110.6, 115.9, 117.9, 121.2, 123.4, 

128.6, 130.8, 134.2, 141.8, 143.9, 1480.2, 150.5. HRMS: m/z 

for C13H8Cl2N4O2 ([M+H]+): 322.00; found 323.13. 

 4-Chloro-N-(4-fluorophenyl)-1H-pyrrolo[2,3-b]pyri-

dine-3-amine (5d): Light brown solid, yield: 65%. m.p, 189-

191 ºC; 1H NMR (500 MHz, chloroform-d6,  ppm): 6.86 (d, 

1H), 7.26 (m, 1H), 7.29 (d, 1H), 7.38 (d, 2H), 7.45 (d, 1H), 

8.46 (d, 1H), 9.78 (s, 1H); 13C NMR (125 MHz, chloroform-d6, 

 ppm): 100.5, 114.5, 115.9, 118.9, 121.2, 121.4, 123.6, 139.8, 

143.8, 148.9, 150.2. HRMS: m/z C13H9ClN3F for ([M+H]+): 

261.05; found 261.68. 

 

 

Scheme-I: Synthetic route of 4-chloro-1H-pyrrolo[2,3-b]pyridine-3-amines (5a-h) 
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 4-Chloro-N-(2-chloro-4-nitrophenyl)-1H-pyrrolo[2,3-b]-

pyridine-3-amine (5e): Brown solid powder, yield: 62%. 

m.p.: 198-211 ºC; 1H NMR (500 MHz, chloroform-d6,  ppm): 

6.86 (d, 1H), 7.31 (m, 1H), 7.34 (d, 1H), 7.42 (d, 2H), 7.43 

(d, 1H), 7.46 (d, 1H), 8.42 (s, 1H), 9.68 (s, 1H), 9.72 (s, 1H). 
13C NMR (125 MHz, chloroform-d6,  ppm): 100.5, 115.5, 

116.3, 116.9, 121.2, 123.4, 123.6, 123.8, 134.2, 141.8, 143.2, 

150.2, 157.8. HRMS: m/z for C13H9Cl2N4O2 ([M+H]+): 322.00; 

found 323.13. 

 4-Chloro-N-(2-chloro-4-methoxyphenyl)-1H-pyrrolo-

[2,3-b]pyridine-3-amine (5f): Light yellow solid, yield: 75%. 

m.p.: 212-218 ºC; 1H NMR (500 MHz, chloroform-d6,  ppm): 

6.86 (d, 1H), 7.36 (m, 1H), 7.43 (d, 1H), 7.91 (d, 2H), 8.15 

(d, 1H), 8.42 (d, 1H), 9.23 (s, 1H), 9.58 (s, 1H); 13C NMR 

(125 MHz, chloroform-d6,  ppm): 100.5, 115.5, 118.9, 121.9, 

122.8, 123.4, 125.6, 126.8, 134.8, 139.2, 142.8, 143.9, 150.3. 

HRMS: m/z for C14H11Cl2N3O ([M+H]+): 307.03; found 308.16. 

 4-Chloro-N-(2-bromo-4-methylphenyl)-4-chloro-1H-

pyrrolo[2,3-b]pyridine-3-amine (5g): Light brown crystal, 

yield: 72%. m.p.: 165-168 ºC; 1H NMR (500 MHz, chloro-

form-d6,  ppm): 2.36 (d, 3H), 6.86 (d, 1H), 7.02 (m, 1H), 

7.09 (d, 1H), 7.24 (d, 2H), 7.45 (d, 1H), 8.42 (d, 1H), 9.25 (s, 

1H), 9.58 (s, 1H); 13C NMR (125 MHz, chloroform-d6,  ppm): 

20.7, 100.5, 115.5, 117.9, 118.9, 121.2, 123.4, 128.6, 130.8, 

134.2, 134.8, 143.9, 147.3, 150.2. HRMS: m/z for C14H11ClBrN3 

([M+H]+): 334.98; found 336.63. 

 4-Chloro-N-(2-chloro-4-methoxyphenyl)-1H-pyrrolo-

[2,3-b]pyridine-3-amine (5h): Yellow solid powder, yield: 

69%. m.p.: 169-171 ºC; 1H NMR (500 MHz, chloroform-d6, 

 ppm): 3.81 (d, 3H), 6.68 (d, 1H), 6.86 (m, 1H), 7.14 (d, 1H), 

7.25 (d, 2H), 7.49 (d, 1H), 8.46 (d, 1H), 9.25 (s, 1H), 9.58 (s, 

1H); 13C NMR (125 MHz, chloroform-d6,  ppm): 55.8, 100.5, 

113.5, 115.5, 115.9, 118.2, 121.4, 123.6, 126.5, 126.8, 134.2, 

143.8, 150.9, 152.2. HRMS: m/z for C14H11Cl2ON3 ([M+H]+): 

307.03; found 308.16. 

 In vitro Biological activity by MTT assay method: 

Human breast cancer MCF-7 cell lines were cultured in RPMI-

1640 medium supplemented with 2 mM L-glutamine and 5% 

fetal bovine serum. The cells were seeded into 96-well micro-

titer plates (100 L/well) and incubated for 24 h at 37 ºC in a 

humidified atmosphere containing 5% CO2 and 95% air. After 

incubation, different concentrations of the test compounds 

were added to the respective wells containing fresh medium, 

followed by further incubation for 48 h under identical condi-

tions. The assay was terminated by the addition of cold tri-

chloroacetic acid to fix the adherent cells and the plates were 

incubated at 4 ºC for 1 h. The supernatant was discarded and the 

plates were washed repeatedly with distilled water and finally 

air-dried. Subsequently, 100 L of 0.4% sulforhodamine B 

solution prepared in 1% acetic acid was added to each well 

and allowed to stain the cells for 10 min. Excess dye was 

removed by washing with 1% acetic acid, and the plates were 

dried. The protein-bound dye was then dissolved in 10 mM 

Trizma base and absorbance was measured at 515 nm using 

a microplate reader to determine cell viability and anticancer 

activity. 

 Three dose–response parameters were determined for each 

tested compound. The GI50 value, defined as the concentra-

tion required to inhibit 50% of cell growth, was calculated 

using the following formula:  

  
Ti Tz

100 50
C Tz

−
 =

−
 

where 50 is the drug concentration, GI50 was calculated.  

 Molecular docking: Docking studies were performed to 

identify novel breast cancer drugs by observing the molecular 

interactions of designed ligands with PARP1 receptor protein. 

The selection of the target protein for docking is based on 

several factors such as it must possess resolution less than 2.0 Å, 

the structure should be determined by X-ray diffraction, it 

consists of co-crystallised ligand and it does not have any 

protein breaks in the selected protein’s 3D structure. PARP1 

receptor protein is the recently exploring target for the identi-

fication of breast cancer drugs possessing an pyrrolo-

pyrimidine nucleus. The crystal structure of the PARP1 target 

receptor protein was obtained from the protein databank PDB 

ID: 7KK4 having resolution of 1.96 Å. AutoDock 4.2.6 soft-

ware was utilised to know the type of interactions of the 

designed 3D-structured pyrrolopyrimidines with the 7KK4 

active site region. ChemSketch, version 2022.1.2, ACD/Labs 

software was used to draw the designed structures and they 

were converted into suitable 3D models. By applying mole-

cular mechanics they were subjected to energy minimisations, 

which are required for molecular docking and for the prep-

aration of corresponding pdb files. Docking studies were 

preformed to find out the possible locations for the ligand in 

the active site region of the receptor. Grid-based docking 

studies was carried out using default parameters and docking 

was performed by considering Olaparib as reference ligands 

at PARP1 active site. Discovery Studio visualizer v21.1 is 

used to check the 2D and 3D interactions of ligands with 

target [27,28]. 

RESULTS AND DISCUSSION 

 A series of novel 4-chloro-1H-pyrrolo[2,3-b]pyridine-3-

amine derivatives (5a-h) was successfully synthesised from 

4-chloro-7-azaindole through sequential chlorination, tosyla-

tion, cyclisation and nucleophilic substitution reactions with 

substituted phenylamines. The target compounds were obtained 

in good yields (62-75%) as crystalline solids with distinct mel-

ting points. 

 The structures of the synthesised compounds were confir-

med by 1H NMR, 13C NMR and HRMS analyses. In the 1H 

NMR spectra, aromatic proton signals corresponding to the 

pyrrolopyridine and substituted phenyl rings appeared within 

the  6.68-8.46 ppm region, while singlets observed around  

9.2-9.7 ppm confirmed the NH proton of the azaindole frame-

work. Substituent-specific signals such as methyl ( ~2.36 ppm) 

and methoxy ( ~3.81 ppm) resonances further supported the 

assigned structures. The 13C NMR spectra displayed charact-

eristic aromatic and heterocyclic carbon signals within the 

expected chemical shift range, confirming the fused pyrrolo-

pyridine scaffold. HRMS spectra showed molecular ion peaks 

([M+H]+) consistent with the calculated molecular masses of 

the respective compounds, including the expected isotopic 

patterns for halogen-containing derivatives. 
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 Molecular docking:  Molecular docking analysis was 

performed to investigate the binding interactions of the synth-

esised 4-chloro-1H-pyrrolo[2,3-b]pyridine-3-amine derivatives 

(5a-h) with the PARP1 receptor protein (PDB ID: 7KK4). The 

docking results provided information regarding binding energy, 

hydrogen bonding interactions, bond lengths and amino acid 

residues involved in ligand stabilisation within the active site 

(Table-1). Olaparib was used as the reference ligand and 

exhibited a binding energy of -10.22 kcal/mol. 

 Among the synthesised compounds, derivatives 5e and 

5c demonstrated the most favourable binding affinities with 

docking scores of -8.95 and -8.68 kcal/mol, respectively, 

indicating strong interaction with the PARP1 active site. 

Compound 5e formed multiple stabilising interactions, inclu-

ding hydrogen bonding and hydrophobic contacts with key 

amino acid residues such as SER904, ASN767 and GLY863, 

which contributed to enhanced binding stability. Similarly, 

compound 5c exhibited favourable interactions with important 

active site residues through hydrogen bonding and - inter-

actions, supporting effective ligand accommodation within the 

receptor cavity. The remaining compounds showed moderate 

binding affinities ranging from -7.54 to -8.34 kcal/mol, indi-

cating acceptable interaction potential with the target protein. 

Halogen substituents such as chloro, bromo and nitro groups 

appeared to contribute significantly to receptor binding through 

hydrophobic and electrostatic interactions. The presence of 

azaindole and pyrrolopyridine nuclei further enhanced ligand 

orientation and stabilisation within the catalytic pocket of 

PARP1. 

 The 2D and 3D interaction diagrams (Figs. 1-3) reve-

aled that the synthesised ligands occupied the active binding 

pocket in a manner comparable to the reference ligand olaparib. 

The interaction profiles suggest that these compounds may 

effectively inhibit PARP1 activity through stable ligand-protein 

complex formation. Thus, the docking study identified comp-

ounds 5e and 5c as the most promising candidates of the series 

for further anticancer investigation targeting PARP1. 

 Biological activity: All the synthesised compounds (5a-h) 

were evaluated for their anticancer activity against the human 

breast cancer MCF-7 cell line using the MTT assay method, 

with olaparib employed as the reference standard. The results 

presented in Table-2 demonstrated that the compounds exhi-

bited moderate to significant cytotoxic activity, with GI50 values 

ranging from 12.11 to 135.12 M. Among the tested deriva-

tives, compound 5b showed the highest anticancer activity 

with a GI50 value of 12.11 M, indicating superior growth 

inhibitory potential against MCF-7 cells. Compounds 5g and 

5f also displayed notable cytotoxic activity with GI50 values 

of 14.21 and 15.62 M, respectively, while compounds 5a 

and 5d exhibited moderate activity with GI50 values of 22.14 

and 26.41 M. 

 The enhanced activity observed for compounds 5b, 5g, 

and 5f may be attributed to the presence of electron-withdrawing 

substituents such as chloro and bromo groups, which could 

improve hydrophobic interactions and cellular uptake, thereby 

enhancing antiproliferative activity. In contrast, compounds 5c 

and 5h showed comparatively lower anticancer activity, possibly 

due to the presence of nitro substituents on the phenyl ring, which  

 

TABLE-1 

DETAILS OF SYNTHESISED COMPOUNDS (5a-h) WITH DOCKING SCORES, H-BOND INTERACTION AND AMINO ACID RESIDUES 

Compound KI Binding scores Amino acid residues H-Bond distance 
H-Bond 

interactions 

5a 4.17 µM 7.34 SER904 1.9 1 

5b 1.1 µM 8.13 SER904 1.88 1 

5c 431.77 µM 8.68 GLY863, ARG865, SER904 1.84, 2.87, 1.80 3 

5d 6.61 µM 7.07 SER904 1.87 1 

5e 276.73 µM 8.95 ASN767, SER864, ARG865, GLY863 2.02, 3.02, 2.07, 2.35, 2.31 5 

5f 1.68 µM 7.88 SER864, ARG865, SER904 2.56, 2.16, 2.08 3 

5g 1.25 µM 8.05 NA – 0 

Std. 32.39 nM 10.22 GLY863, TYR896, SER904 2.09,3.18, 2.94, 1.86 4 

 

 

Fig. 1. 2D & 3D interactions of reference molecule with the PARP1 target protein with PDB ID: 7KK4 
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TABLE-2 

ANTIPROLIFERATIVE ACTIVITY DATA 

OF THE TESTED COMPOUNDS (5a-h) 

Compd. 
GI50 

(M) 
Compd. 

GI50 

(M) 
Compd. 

GI50 

(M) 

5a 22.14 5d 26.41 5g 14.21 

5b 12.11 5e 53.22 5h 135.12 

5c 122.34 5f 15.62 Std. 35.12 

 

may adversely influence receptor interaction and cellular perm-

eability. The biological evaluation suggests that halogen substi-

tuted pyrrolo[2,3-b]pyridine derivatives possess promising anti-

cancer potential against breast cancer cells, with compound 5b 

emerging as the most active analogue of the series. 

Conclusion 

 A novel series of 4-chloro-1H-pyrrolo[2,3-b]pyridine-3-

amine derivatives (5a-h) was successfully synthesised from 

4-chloro-7-azaindole through a multistep synthetic strategy 

involving chlorination, cyclisation and nucleophilic substitution 

reactions. The structures of the synthesised compounds were 

satisfactorily established using spectral and analytical techni-

ques including 1H NMR, 13C NMR and HRMS analysis. The 

biological evaluation against MCF-7 human breast cancer 

cell lines demonstrated that several derivatives possess signi-

ficant antiproliferative activity. Among the series, compounds 

5b, 5g and 5f exhibited the most promising cytotoxic effects 

with GI50 values of 12.11, 14.21 and 15.62 M, respectively, 

indicating the favourable influence of halogen-substituted 

phenyl moieties on anticancer activity. It is observed that the 

electron-withdrawing substituents enhance the interaction 

potential and biological performance of the pyrrolopyridine 

scaffold. Molecular docking studies against the PARP1 

receptor protein (PDB ID: 7KK4) further supported the experi-

mental findings by revealing stable ligand–protein inter-

actions within the active binding pocket. Compounds 5e and 

5c displayed the most favourable binding affinities, attributed 

to hydrogen bonding, hydrophobic interactions and effective 

accommodation within the catalytic domain of PARP1. 
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Fig. 2. 2D & 3D interactions of 5e with the PARP1 target protein with PDB ID: 7KK4 

 

 

Fig. 3. 2D & 3D interactions of 5c with the PARP1 target protein with PDB ID: 7KK4 
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