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Abstract 
Chalcone and isatin scaffolds are widely recognized as privileged pharmacophores in medicinal 
chemistry because of their diverse biological activities. In this study, a new series of chalcone-linked 
isatin derivatives was synthesized and evaluated for cytotoxic and antimicrobial activities with the aim 
of identifying potent dual-action agents. The synthetic pathway involved N-alkylation of indoline-2,3-
dione followed by nucleophilic addition at the C-3 position with various acetophenone analogues, 
yielding 3-hydroxy-3-(2-oxoethyl)-1-(3-phenylpropyl)indolin-2-one derivatives, which were further 
dehydrated to obtain (Z)-3-(2-oxoethylidene) derivatives. The structures of the synthesized compounds 
were confirmed by IR, NMR, and mass spectrometry. Antibacterial screening was carried out using the 
cup-plate method against Gram-positive (Bacillus subtilis, Staphylococcus aureus) and Gram-negative 
(Escherichia coli, Salmonella typhi) strains, with Ciprofloxacin as the standard. Several halogen-
substituted derivatives demonstrated pronounced inhibition zones comparable to the standard drug. 
Cytotoxic activity was assessed by MTT assay against MDA-MB-231 (human breast adenocarcinoma) 
and A549 (human lung carcinoma) cell lines. IC₅₀ values indicated that derivatives such as 168i, 210b, 
and 248c exhibited significant cytotoxicity, with compound 210b being most effective against MDA-
MB-231 and 248c showing high activity against A549. Nearly half of the most potent derivatives 
contained halogen substituents, suggesting that halogenation enhances cytotoxic and antimicrobial 
potential. Overall, the study highlights chalcone-linked isatin derivatives as promising scaffolds for the 
development of novel anticancer and antimicrobial agents. 
 
Keywords: Chalcone-linked isatin, cytotoxicity, antimicrobial activity, halogen substitution, MTT 
assay 
 
Introduction 
Chalcones and isatin derivatives are two important classes of heterocyclic and open-chain 
compounds that have drawn significant attention in medicinal chemistry due to their diverse 
pharmacological activities. Chalcones, belonging to the flavonoid family, are open-chain 
precursors in the biosynthesis of many naturally occurring flavonoids and isoflavonoids. 
They possess a characteristic α,β-unsaturated carbonyl system that makes them highly 
reactive and versatile in drug design. Chalcones are well recognized for their antimicrobial, 
anti-inflammatory, antioxidant, and cytotoxic activities, which arise mainly from their ability 
to interfere with cellular processes such as enzyme inhibition, cell cycle regulation, and 
reactive oxygen species (ROS) modulation. On the other hand, isatin (1H-indole-2, 3-dione) 
is a privileged heterocyclic scaffold extensively found in both natural and synthetic bioactive 
molecules. Isatin and its derivatives exhibit a wide spectrum of biological properties, 
including antiviral [1], antibacterial [2], antitubercular, [2, 3], analgesics [4-6] and anticancer [7-9] 
activities. The fusion of chalcone and isatinpharmacophores therefore represents a rational 
approach to generate hybrid molecules with enhanced therapeutic potential. 
The development of novel chalcone-isatin hybrids is particularly important in the context of 
increasing antimicrobial resistance and the urgent need for effective anticancer agents. 
Microbial infections caused by multidrug-resistant pathogens pose a severe threat to global 
health, and existing antibiotics are often rendered ineffective due to rapid resistance 
development. Similarly, cancer remains one of the leading causes of death worldwide, with 
limitations in chemotherapy arising from toxicity, multidrug resistance, and poor selectivity  
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of available drugs. Chalcone-linked isatin derivatives are 
promising candidates to address these challenges, as the 
combination of two pharmacologically active moieties can 
result in synergistic effects, improved bioavailability, and 
stronger interactions with biological targets. Their structural 
flexibility allows fine-tuning of functional groups, enabling 
selective targeting of microbial enzymes and cancer cell 
proliferation pathways. This makes them highly attractive 
for drug discovery programs seeking potent cytotoxic and 
antimicrobial agents. 
Previous studies have shown that modifications on both 
chalcone and isatin scaffolds can significantly enhance 
biological activity. The substitution of electron-donating or 
electron-withdrawing groups at different positions of the 
aromatic ring influences lipophilicity, membrane 
permeability, and binding affinity to enzymes and receptors. 
For instance, halogenated chalcone-isatin derivatives often 
display enhanced antimicrobial effects due to their ability to 
disrupt bacterial cell membranes, while derivatives with 
hydroxyl or methoxy groups may enhance cytotoxicity by 
triggering apoptosis in cancer cells. Thus, the synthesis and 
evaluation of chalcone-linked isatin derivatives provide 
valuable insights into structure-activity relationships (SARs) 
and open pathways for developing potent leads for 
antimicrobial and anticancer drug discovery. This study, 
therefore, aims to explore and analyze the cytotoxic and 
antimicrobial properties of such derivatives, highlighting 
their potential as promising therapeutic agents in modern 
pharmacology. 
 
Theoretical Framework 
The biological activity of the core molecule is further 
enhanced by the halogenation in the aromatic ring. Structure 
activity relationship (SAR) studies revealed that substitution 
at position 5 of isatin molecule was favoured over position 
4, 6 or 7 leading to improved biological activity. For 
example in 2007 Vine et al reported a series of mono 
substituted isatin derivatives and proved that, 5-bromo, 5-
iodo and 5-fluoroisatin molecules were 5-10 times more 
active than the unsubstituted parent compound [10] 
However, over the last decade, various N-substituted 
analogs of isatin have been found to show more promising 
biological potential than its C-3 derivatives [11-13]. Various 
patents have been filed in recent years on medicinal 
applications of N-substituted isatin derivatives [14-15]. Since 
N-substituted isatin derivatives exhibit excellent 
antibacterial and acetylcholinesterase inhibitory activities, 
they are useful as lead compounds for fighting Alzheimer’s 
disease and for synthesis of a variety of pharmaceutical 
intermediates15. N-Substituted isatins help in stimulating red 
blood cell production and treatment of anemia [16]. Due to 
their natural origin, facile synthesis, and easy industrial 
production, novel N-substituted isatin derivatives also have 
high prospects for anticancer drug development [17-19]. N-
Substituted 5, 7-dibromoisatins have a simple structure and 
clear synthetic methodology, are easily modified, and have 
been shown to possess a specific pharmacological profile. 
Further investigation and SAR studies of various N-
alkylated 5, 7-dibromoisatins by Vine and coworkers 
indicated that the presence of an aromatic ring with a one- to 
three-carbon atom linker at Nitrogen was preferred and 
electron-withdrawing group substituted at para-position of 
the substituent phenyl ring of isatin was most favorable for 
the biological activity [20]. 

Therefore, the three active sites of isatin have made the 
molecule an important scaffold in the field of medicinal 
Chemistry.  
The theoretical grounding also incorporates the principles of 
green and efficient synthesis, where reactions catalyzed by 
bases such as K₂CO₃ in DMF exemplify simple, cost-
effective, and industrially feasible approaches. 
Characterization through spectroscopic techniques (NMR, 
IR, MS) provides empirical validation of molecular 
structures, which is essential for correlating chemical 
modifications with biological outcomes. Thus, this 
framework integrates pharmacophore hybridization theory, 
SAR analysis, and synthetic feasibility to support the 
hypothesis that chalcone-linked isatin derivatives can act as 
potent cytotoxic and antimicrobial agents. 
 
Experimental Procedure 
Synthesis of 5-substituted 1-(3-phenylpropyl) indoline-
2,3-dione (2a-b) 
A stirred solution of indoline-2,3-dione or 5-fluoroindoline-
2,3-dione (33.9 mmol/9 mmol) in N,N-dimethylformamide 
(40 mL) was treated with potassium carbonate (50 mmol) 
and (3-chloropropyl)benzene (13.6 mmol). The mixture was 
stirred at 80 °C for 16-18 h. After completion, the reaction 
mixture was poured into ice-cold water, and the precipitate 
formed was filtered, washed thoroughly with water, and 
dried to yield the desired product as a colorless solid. 
 
Synthesis of 3-hydroxy-3- (2-oxoethyl) -1-(3-
phenylpropyl) indolin-2-one derivatives (3a-n) 
To a solution of 1-(3-phenylpropyl)indoline-2,3-dione (3.75 
mmol) in ethanol (20 mL), piperidine (11.25 mmol) and 
various acetophenone derivatives (4 mmol) such as 1-
(naphthalen-2-yl)ethan-1-one, 1-(thiophen-2-yl)ethan-1-one, 
1-(pyridin-3-yl)ethan-1-one, 1-(4-fluorophenyl)ethan-1-one, 
1-(4-methoxyphenyl)ethan-1-one, or 4-acetylbenzonitrile 
were added. The reaction mixture was stirred at room 
temperature for 6 h. The solid product obtained was filtered, 
washed with ethanol, and dried. 
 
Synthesis of (Z)-3-(2-oxoethylidene)-1-(3-phenylpropyl) 
indolin-2-one derivatives (4a-n) 
A solution of compounds 3a-n (0.91 mmol) in ethanol (15 
mL) was treated with concentrated HCl (5 mL) and refluxed 
for 6 h. The progress was monitored by TLC using solvent 
systems of varying polarity. After completion, the solid was 
filtered, dried, and recrystallized from ethanol to afford 
bright red crystalline needles of the desired products. 
 
Spectral data of the synthesized compounds 
The synthesized compounds 4a-4n were characterized using 
IR, ¹H NMR, and ¹³C NMR spectral analyses to confirm 
their structural features. The IR spectra of all compounds 
displayed strong absorption bands in the range of 1700-1711 
cm⁻¹ corresponding to the C=O stretching vibration, while 
the amide (NHC=O) group exhibited characteristic 
absorption between 1649-1670 cm⁻¹. The aromatic C-C 
stretching vibrations appeared within 3018-3090 cm⁻¹, 
confirming the presence of aromatic rings. 
In the ¹H NMR spectra, the methylene protons attached to 
nitrogen (N-CH₂) appeared consistently as triplets around δ 
3.6-3.86 ppm, while the adjacent aliphatic CH₂ groups 
resonated as multiplets between δ 2.0-2.14 ppm and δ 2.64-
2.79 ppm. The characteristic vinylic proton (=CH) of the 
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chalcone moiety appeared as a sharp singlet in the region δ 
6.81-8.67 ppm, indicating the presence of an α,β-unsaturated 
carbonyl linkage. The aromatic protons (Ar-H) displayed 
multiplets within δ 7.0-8.8 ppm, supporting the existence of 
multiple aromatic environments across the series. 
Additionally, methoxy-substituted derivatives such as 4e, 
4g, and 4l showed singlets for -OCH₃ protons around δ 3.92 
and 2.77 ppm, confirming the substitution pattern on the 
aromatic ring. Compound 4n also displayed a singlet at δ 
2.78 ppm, corresponding to a methyl substituent (-CH₃) on 
the aromatic framework. (Aboul-Fadl,2010). The ¹³C NMR 

spectrum of representative compound 4a exhibited signals at 
δ 26, 30, and 41 ppm (aliphatic carbons, including N-CH₂ 
and CH₂ groups), and a series of resonances between δ 110-
147 ppm corresponding to aromatic carbons. Peaks at δ 156, 
159, 161, 169, and 197 ppm were attributed to carbonyl 
(C=O), amide (NHC=O), and olefinic carbons, confirming 
the conjugated enone-amide framework. Overall, the 
spectroscopic data strongly support the successful synthesis 
of substituted chalcone-amide derivatives (4a-4n), each 
showing characteristic features of α,β-unsaturated carbonyl 
systems linked to aromatic and hetero aromatic moieties. 
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Scheme-1 
 

Cytotoxic Activity 
Breast cancer is the second most common cause of cancer 
mortality among women worldwide [21]. In 2016, an 
estimated 246,660 new cases of breast cancer diagnosed 
among women and 2600 among men [22]. According to the 
World Cancer Research Fund International 2012 report, the 
United States, China and India share almost one-third of the 
burden of disease,accounting for approximately25%ofall 
new cancer cases diagnosed. By 2021, the incidence rate of 
breast cancer in womenaged 55-69 years in China is 
estimated to increase from less than 6/10,000 to 1/1000, 
reaching a total of 250,000cases [23]; in such situation, breast 
cancer can become themost common threat to women’s 
physical and mental health. Therefore, studies on the 
prevention and cure of breast cancer are of great 
significance in our countrytherefore the search for effective 

anticancer agents continues. The present study aimedto 
investigate the anti-breast cancer potential of synthesized 
indole derivatives, for selected human breast cancer cell 
lines MDA-MB-231 by MTT assay. 
Lung cancer is one of the most widespread cancers and 
cause of death all aroundtheworld, [24-27] and most of the 
deaths are seen among men. Lung cancer includes mostly 
carcinomas, and 31%of lung cancers are adeno carcinomas. 
The A549 cells are adenocarcinomic human alveolar basal 
epithelial cells. The A549 cellline was first developed in 
1972 by Giardet al [28], therefore, the cytotoxic study of 
synthesized indole compounds on lung cancer was also 
carried out by MTT assay. using A549 cell line. 
Traditionally, the in vitro determinations of toxic effects of 
unknown compounds have been performed by counting 
viable cells after staining with a vital dye. Alternative 
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methods used are measurement of radioisotope 
incorporation as a measure of DNA synthesis, counting by 
automated counters and others which rely on dyes and 
cellular activity. The MTT system is a means of measuring 
the activity of living cells via mitochondrial 
dehydrogenases. The MTT method is simple, accurate and 
yields reproducible results. The key componentis (3-[4,5-
dimethylthiazol-2-yl]- 2,5-diphenyltetrazoliumbromide) or 
MTT, is a water soluble tetrazolium salt yielding a 
yellowish solution when prepared in media or salt solutions 

lacking phenol red. Dissolved MTT is converted to an 
insoluble purple formazan by cleavage of the tetrazolium 
ring by mitochondrial dehydrogenase enzymes of viable 
cells. This water insoluble formazan can be solubilized 
using DMSO, acidified isopropanol or other solvents (Pure 
propanol or ethanol). The resulting purple solution is 
spectrophotometrically measured. An increase or decrease 
in cell number results in a concomitant change in the 
amount of formazan formed, indicating the degree of effects 
caused by the test material 

 

 
(3-[4,5-dimethylthiazol-2-yl]- 2,5-

diphenyltetrazolium)) MTT 
(2E,4Z)-(4,5-Dimethylthiazole-2-yl)- 3,5-

diphenylformazan (Formazan) 
 

Materials and Methods 
1. MTT 

Powder(thesolutionisfilteredthrougha0.2μmfilterandstor
edat2- 8 °C for frequent use or frozen for extended 
periods) 

2. DMSO 
3. CO2incubator 

4. TecanPlatereader 
 
Test sample preparation 
For cytotoxicity studies, 10mM stocks were prepared using 
DMSO. Serial two fold dilutions were prepared from 
100µM to 3.125µM using DMEM plain media for 
treatment. [15] 

 

 
 

Cel llines and culture medium 
All the cell lines was procured from ATCC, stock cells was 
cultured in DMEM supplemented with 10% inactivated 
Fetal Bovine Serum( FBS), penicillin 
(100IU/ml),streptomycin(100µg/ml)in a humidified 
atmosphere of 5% CO2 at 37oC until confluent. The cell was 

dissociated with cell dissociating solution (0.2 % trypsin, 
0.02 % EDTA, 0.05 % glucose in PBS).The viability of the 
cells are checked andcentrifuged.Further,50,000cells/well 
wass eeded in a 96 wellplate and incubated for 24 hrs at 37 
°C, 5 % CO2incubator 
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Source of reagents: DMEM, FBS, Pen Strep, Trypsin-
procured from In vitrogen. 
 
Procedure 
The monolayer cell culture was trypsinized and the cell 
count was adjusted to5.0 x 105 cells/ml using respective 
media containing10% FBS. To each well of the 96 
wellmicrotiter plate, 100µlof the diluted cell suspension 
(50,000cells/well) was added. After 24 h, when a partial 
monolayer was formed, the supernatant was flicked off, 
washed the monolayer once with medium and 100 µl of 
different test concentrations of test drugs were added on to 
the partial monolayer in micro titer plates. The plates were 
then incubated at 37oC for 24hrs in 5% CO2atmosphere. 
After incubation the test solutions in the wells were 
discarded and 100 µl of MTT (5 mg/10mlofMTTinPBS) 
was added to each well.The plates were incubated for 4h at 
37oC in 5% CO2atmosphere. The supernatant was removed 
and 100 µl of DMSO was added and the plates were gently 
shaken to solubilize the formed formazan. The absorbance 
was measured using a microplate reader at a wavelength of 
590 nm. The percentage growth inhibition was calculated 
using the following formula and concentration of test drug 
needed to inhibit cell growth by 50% (IC50) values is 
generated from the dose-response curves for each cellline. 
 
Calculating Inhibition 
% Inhibition = ((ODofControl-ODofsample)/ODofControl) 
x100. 
 
Statistical evaluation 
IC50Value 

The half maximal inhibitory concentration (IC50) is a 
measure of the effectiveness of a compound in inhibiting 
biological or biochemical function. This quantitative 
measure indicates how much of a particular drug or other 
substance (inhibitor) is needed to inhibit a given biological 
process (or component of a process,i.e. an enzyme, cell, cell 
receptor or microorganism) by half 
IC50 values for cytotoxicity tests were derived from a 
nonlinear regression analysis (curvefit) based on sigmoid 
dose responseurve (variable) and computed using 
GraphPadPrism6for MDA-MB-231cellsandA549cells. 
 
Results of Cytotoxic activity of synthesised compound. 
 
Table 1: The following are the IC₅₀ values of the samples against 

the respective cell lines. 
 

MDAMB231  A549 
 SAMPLES IC50µM  SAMPLES IC50µM 

4a 69.23 4a 63.21 
4b 58.11 4b 67.03 
4c 33.46 4c 52.23 
4d 54.33 4d 59.51 
4e 54.33 4e 59.51 
4f 51.87 4f 51.36 
4g 50.23 4g 51.36 
4h 55.91 4h 67.03 
4i 35.31 4i 46.47 
4j 50.78 4j 42.17 
4k 43.45 4k 67.65 
4l 67.55 4l 95.32 
4m 41.98 4m 31.62 
4n 49.02 4n 50.21 

 

 
 

IC₅₀ is defined as the concentration of a compound required 
to inhibit 50% of the target cells, with lower IC₅₀ values 
indicating higher potency. In the present study, twenty-one 
synthesized indole derivatives were evaluated for their 
cytotoxic activity against two cancer cell lines, MDA-MB-
231 (human breast adenocarcinoma) and A549 (human lung 
carcinoma). Among the tested compounds, derivative 4i 
exhibited significantly lower IC₅₀ values for both cell lines, 
indicating strong cytotoxic potential across tumor types For 
the MDA-MB-231 cell line, compounds 4c, 4g,4i,4j, 
4k,4mand4n, demonstrated notable potency, with 4c

showing the lowest IC₅₀ value, suggesting selective and 
pronounced activity against breast cancer cells. In contrast, 
compound 4j exhibited stronger cytotoxicity against the 
A549 lung cancer cell line, highlighting possible structural 
specificity in targeting different cancers 
Although no consistent trend was observed across all 
compounds, it is noteworthy that nearly half of the potent 
derivatives contained halogen substituents, suggesting that 
halogenation may enhance cytotoxic activity in indole-based 
scaffolds. 
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Molecular Docking 
Molecular Docking is a method which anticipates the 
favored orientation of Ligand (Drug candidate) against 
receptor (Protein) to make a stable complex.  
Favoured orientation is possibly utilized to predict the 
strength of connection or binding affinity among ligand and 
protein by utilizing scoring functions. Docking is often 
applied to anticipate the binding orientation of drug 
candidates against protein targets in order to predict the 
affinity and activity of the drug. Therefore docking plays a 
pivotal role in the drug design and discovery process. The 
main aim of molecular docking is to computationally 
simulate the molecular identification process and 
accomplish an optimized conformation so that the free 
energy of overall system is minimized. The process of 
discovery of a new drug is a very difficult task. Modern 
drug discovery is mainly based In-silicochemico biological 
approach. Use of computer aided techniques in drug 
discovery and development process is rapidly gaining 
popularity, implementation and appreciation. 
So, the Docking process involves the following Steps: 
Step I: preparation of protein: Three dimensional 
structure of the Protein should be retrieved from 
Proteindatabank (PDB); afterward the retrieved structure 
should be pre- processed. This should admit removal of the 
water molecules from the cavity, stabilizing the charges, 
filling the missing residues, generation the side chains etc. 
according to the parameters available. 

Step II: active site prediction: After the preparation of 
protein, the active site of protein should be predicted. The 
receptor might possess lots of active sites merely the one of 
the concern should be picked out. Mostly the water 
molecules and hetero atoms are removed if present. 
 
Step III: preparation of ligand: Ligands can be retrieved 
from several databases such as ZINC, Pub Chem or can be 
sketched applying Chem sketch tool. While picking out the 
ligand, the LIPINSKY’SRULE OF 5 should be utilized. 
Lipinski rule of 5 assists in discerning amongst non-drug 
like and drug like candidates. It promises high chance of 
success or failure due to drug likeness for molecule sabiding 
by with 2 or more than of the complying rules. For choice of 
a ligand allowing to the LIPINSKY’S RULE: 
 
• Lessthanfivehydrogenbonddonors 
• Lessthantenhydrogenbondacceptors 
• Molecularmasslessthan500Da 
• Highlipophilicity(expressedasLogPnotover5) 
• Molarrefractivityshouldbebetween40-130 
 
Step IV: docking: Ligand is docked against the protein and 
the interactions are analyzed. The scoring function gives 
score on the basis of best docked ligandcomplexis picked 
out. 

 

 
 

Methodology 
Docking studies were performed for synthesised compounds 
(ligands) with gyrase B ATP-binding domain of DNA 
gyrase and 1PHC by using iGEM DOCK suite. 
Preparation of the protein structure: The protein required

for the docking studies has been retrieved from the Protein 
Data Bank at 1.3 Ǻ Root Mean Square Deviations (RMSD) 
resolution which represents a three dimensional structureof 
target DNA gyrase (PDB: ID 1KIJ) and Cytochrome P450 
(PDB:1PHC) 

 

  
 

DNAgyrase(PDB:ID1KIJ)  CytochromeP450(PDB:1PHC) 
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Ligand preparation: The ligand molecules for the docking 
process are prepared from the synthesized compounds. The 
structure of the compounds was drawn by using Chemdraw 
software and they were saved as (. mol) format which are 
converted in to PDB format by using open bablesoftware. 
 

 
 

(.mol format of 4g) 

Docking module: Docking software iGEMDOCK was used 
to dock the protein 1KIJ with the drug compounds. 
iGEMDOCK is an integrated virtual screening (VS) 
environment from preparations through post-screening 
analysis with pharmacological interactions. iGEMDOCK 
provides interactive interfaces to prepare both the binding 
site of the target protein and the screening compound 
library. Each compound in the library is then docked into 
the binding site by using the in-house docking tool 
iGEMDOCK. Subsequently, iGEMDOCK generates 
protein-compound interaction profiles of electrostatic (E), 
hydrogen-bonding (H), and Van der Waal’s (V) interactions. 
Based on these profiles and compound structures, 
iGEMDOCK infers the pharmacological interactions and 
clusters the screening compounds for the post- screening 
analysis. Finally, iGEMDOCK ranks and visualizes the 
screening compounds by combining the pharmacological 
interactions and energy-based scoring function of 
iGEMDOCK 
Docking was conducted between Protein and Inhibitor 
which results in binding affinities in kcal/mol and docking 
run time. The compound which gives lowest binding energy 
is chosen as the best inhibitor, the results of the docking was 
given in the Table No- and the best binding interaction of 
ligands with protien 1KIJ and 1PHC were given in the 
figures. 

 
Table-2: Results of Molecular Docking studies of antibacterial activity using the protein 1KIJ 

 

Compound No. VDW H-BOND ELEC Dock Score 
168a -113.43 0 0 -113.43 
168b -108.72 0 0 -108.72 
168c -109.83 0 0 -109.83 
168d -112.95 0 0 -112.95 
168e -111.19 -2.41 0 -113.59 
168f -104.12 -3.5 0 -107.62 
168g -121.47 0 0 -121.47 
168h -110.02 0 0 -110.02 
168i -108.6 0 0 -108.6 
168j -113.98 0 0 -113.98 
168k -114.87 0 0 -114.87 
168l -116.33 -2.47 0 -118.8 
168m -108.6 0 0 -108.6 
168n -130.38 0 0 -130.38 

 

 
 

14n 
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Table 3: Results of Molecular Docking studies of antifungal 
activity using the protein 1PHC 

 

Compound No. VDW H-BOND ELEC Dock Score 
168a -89.52 0 0 -89.52 
168b -97.37 0 0 -97.37 
168c -87.01 0 0 -87.01 
168d -84.06 0 0 -84.06 
168e -101.63 -6.05 0 -107.68 
168f -85.32 -6.23 0 -91.55 
168g -104.92 0 0 -104.92 
168h -102.79 0 0 -102.79 
168i -82.6 0 0 -82.6 
168j -82.6 0 0 -82.6 
168k -102.79 0 0 -102.79 
168l -84.83 -2.5 0 -87.33 
168m -82.77 0 0 -82.77 
168n -107.53 0 0 -107.53 

 

 
 

2 4n 
 
Results of Molecular docking studies 
Docking results of 1KIJ protein with synthesised 
compounds using iGEMDOCK software and docked scores 
of those molecules were represented in(Table No-2), and 
docking results of 1PHC protein with the synthesised 
compounds were represented in (Table-3) with their binding 
energies like Vanderwaal’s energy, electrostatic and 
hydrogen bonding energy profiles. Binding energies of the 
protein- ligand (drug) interactions are important to describe 
how good the drug binds. 4(a-n) docks into the binding 
pockets of 1KIJ protein and 1PHC protein. The docked 
processof the molecules was represented in (Fig. 1&2). 
From the analysis of docking scoreand energy, the 
compounds 4n, 4g, 4h, 4k, 4n showed the best results than 
other ligands. 
Among the four best compounds, seventy-five percent of the 
compounds contain halogen in their structure. 
 
Conclusion 
The present study successfully demonstrated the synthesis, 
characterization, and biological evaluation of novel 
chalcone-linked isatin derivatives. Structural confirmation 
of the synthesized compounds was achieved using IR, ¹H 
NMR, ¹³C NMR, and mass spectrometry, which collectively 
validated the designed framework. The antimicrobial 
activity, assessed by the cup-plate method against both 
Gram-positive and Gram-negative bacterial strains, revealed 
that several derivatives exhibited significant inhibition 
zones, comparable to the standard reference drug 

Ciprofloxacin. In particular, halogen-substituted derivatives 
displayed enhanced antimicrobial potential, indicating the 
favorable influence of electronegative substituents on 
bioactivity. 
The cytotoxic activity of the synthesized compounds was 
investigated using the MTT assay against two human cancer 
cell lines, MDA-MB-231 (breast adenocarcinoma) and 
A549 (lung carcinoma). The IC₅₀ values highlighted 
compounds such as 4c, 4g, 4i, 4j, 4k, 4m and 4n as potent 
candidates, with compound 4c showing maximum activity 
against MDA-MB-231 and compound 4j demonstrating 
marked cytotoxicity against A549. Importantly, nearly half 
of the most active compounds incorporated halogen 
substituents, reinforcing the structure-activity relationship 
that halogenation enhances both antimicrobial and 
anticancer properties. From the analysis of docking scoreand 
energy, the compounds 4n,4g,4h,4k,4n showed the best 
results than other ligands. 
This study underscores the therapeutic promise of chalcone-
linked isatin derivatives as dual-action agents with 
significant cytotoxic and antimicrobial potential by docking 
method. The findings not only validate the concept of 
pharmacophore hybridization but also provide a foundation 
for further optimization, mechanistic investigations, and 
potential development of these derivatives as lead molecules 
in anticancer and antimicrobial drug discovery 
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