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Abstract
Novel families of thiazolidine-2,4-dione and imidazolidine-2,4-dione derivatives were synthesized. Thiazolidine-2,4-di-
one 3 was prepared using chloroacetic acid and thiourea, followed by condensation with terephthalaldehyde to form 
4-((2,4-dioxothiazolidine-5-ylidene)methyl)benzaldehyde 4. This compound reacted with 2-aryloxyacetohydrazides 
8a-b to yield Schiff bases 9a-b. Imidazolidine-2,4-diones 13a-c were synthesized via cyclizing of anilines 10a-c, urea 
11, and chloroacetic acid 12. The compounds 9a-b and 13a-c were evaluated for antitumor activity against the Caco-2 
cell line, compounds 13b and 13c exhibiting the highest potency (IC50 values of 41.30 ± 0.07 μM and 109.2 ± 0.027 μM, 
respectively). DFT calculations, including HOMO-LUMO analysis, energy gap estimation, and molecular docking, were 
conducted to evaluate and optimize the molecular properties of the target compounds.

Keywords: Imidazolidine-2,4-dione; thiazolidine-2,4-dione; molecular docking; DFT; anti-cancer.

1. Introduction
Tumors are a category of intricate disorders de-

scribed by the rapid, unregulated, and serious cell prolifer-
ation, which disrupts the process of normal cell division.1 
It is considered one of the gravest diseases threatening hu-
man health. Improved recognition of the complicated na-
ture of cancer biology has been critical in the advancement 
of cancer therapies. Recent research has focused on devel-
oping novel cancer therapies using non-toxic therapeutic 
approaches.2 Chemotherapy, a widely used cancer treat-
ment, works by interfering with the mechanisms regulat-
ing cell division. Its goal is to prevent metastasis and inva-
sion by inhibiting tumor growth. However, chemotherapy 
can cause adverse side effects due to its impact on healthy 
cells. Key challenges in cancer treatment include drug re-
sistance and adverse off-target effects, driving the develop-
ment of new anti-cancer agents with minimal toxicity and 
high efficacy.3 Heterocyclic scaffolds are valued in medici-
nal and synthetic organic chemistry for their diverse bio-
logical activities and chemical versatility.4,5 These com-
pounds, derived from natural sources or synthetic 
methods, have significant potential in overcoming drug 
resistance and improving treatment efficacy.  Notably, thi-
azolidine-2,4-diones, commonly known as glitazones, are 

a class of heterocyclic compounds exemplified by the ar-
chetypal medication ciglitazone. These compounds are 
used in the management of type 2 diabetes mellitus, intro-
duced in the late 1990s.6 In addition to their antidiabetic 
efficacy, thiazolidine-2,4-diones inhibit the proliferation of 
various cancer cell lines, including colon, breast, and pros-
tate, both in vivo and in vitro.7,8 Thiazolidine-2,4-dione is a 
highly selective oral agonist of peroxisome proliferator-ac-
tivated receptor gamma (PPARγ), which shown potential 
in stabilizing disease progression in patients with meta-
static colorectal cancer (mCRC), along with demonstrat-
ing favourable safety and pharmacokinetic stability.9 Imi-
dazolidine-2,4-dione and thiazolidine-2,4-dione are 
significant five-membered heterocycles characterized by 
two carbonyl groups. These groups impart unique elec-
tronic and steric properties, making them valuable syn-
thetic intermediates and pharmacophores in medicinal 
chemistry. The incorporation of nitrogen and sulfur in 
these frameworks significantly affects their nucleophilic, 
electrophilic, and tautomeric properties, thus regulating 
their reactivity and applications. The imidazolidine-2,4-di-
one ring is a key pharmacophore with diverse biological 
properties.10 Its derivatives are well-known for anticonvul-
sant, antiarrhythmic, antibacterial, skeletal muscle relax-
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ant, and non-steroidal antiandrogen properties. Imidazo-
lidine-2,4-dione and its analogues are found in some 
naturally occurring compounds, such as certain alkaloids. 
Numerous alkaloids containing an imidazolidine-2,4-di-
one ring, such as the aplysinopsins, have been isolated 
from sponges or corals and demonstrate potent biological 
activity, including antimicrobial and cytotoxic effects.10 
Building on the diverse therapeutic potential of imidazoli-
dine-2,4-dione and thiazolidine-2,4-dione derivatives, this 
study investigates novel approaches to enhance cancer 
treatment by synthesizing and evaluating new derivatives 
for their anti-cancer activity.11

2. Experimental 
2. 1. Materials and Methods 

All chemical reagents were of analytical grade and 
purchased from Accela ChemBio Co., Ltd. (Shanghai, Chi-
na). Melting points have been determined using an XT-4 
melting point instrument (Beijing Tech Instrument Co., 
China). 1H and 13C NMR were recorded on an AVANCE 
III HD 400 MHz NMR spectrometer (Bruker Corpora-
tion, Switzerland.) or JEOL ECX 500 MHz NMR spec-
trometer (JEOL Ltd., Japan) operating at room tempera-
ture, using DMSO-d6 or CDCl3 as solvents. Reaction 
progress was monitored by thin-layer chromatography 
(TLC). FT-IR spectra were recorded on a Nicolet iS5 FTIR 
spectrophotometer (Thermo Fisher Scientific, USA) using 
KBr pellets.

2. 2. Synthesis of Thiazolidin‑2,4‑dione (3)12

The established procedure was followed to synthe-
size compound 3. Chloroacetic acid (9.45 g, 0.1 mol) and 
thiourea (7.61 g, 0.1 mol) were dissolved in 10 mL of H2O 
and stirred for 15 minutes until a white precipitate formed. 
The mixture was cooled, and 10 mL of concentrated HCl 
was slowly added. The flask was then attached to a reflux 
condenser, and the mixture was refluxed with stirring at 
100–110 °C for 8–10 hours. The product was cooled, fil-
tered, washed, dried at room temperature, and recrystal-
lized from water to yield a white solid. Melting point: 115 
°C; yield: 11.11 g (95%).

2. 3. �Synthesis of 4-((2,4-dioxothiazolidine-5-
ylidene)methyl)benzaldehyde (4)13

 

A mixture containing compound 1 (0.03 mol), tere-
phthalaldehyde (0.03 mol), and 45 mL of ethanol was pre-
pared. Piperidine (3 mL, 0.0188 mol) was added, and the 
solution was stirred and refluxed for 12 hours. The reaction 
mixture was then poured onto ice and acidified using gla-
cial acetic acid. This process yielded a yellow substance 
identified as compound 4, which was subsequently filtered, 
dried, and purified through recrystallization using ethanol.

2. 4. �Synthesis of Ethyl 2-substituted-
oxyacetate 7a–b13,14

In 65 mL of anhydrous acetone, hydroxy aromatic 
compounds (5a–b, 0.034 mol), anhydrous K2CO3 (4.72 g, 
0.034 mol), and chloroethyl acetate (2, 4.2 g, 0.034 mol) 
were refluxed for 8–10 h. After completion, the solvent was 
removed under reduced pressure, and the residue was dis-
solved in dichloromethane (DCM, 20 mL) and washed 
with water. The organic layer was evaporated to yield com-
pounds 7a and 7b as solids, with yields of 84% (7a) and 
92% (7b), respectively.

2. 5. �Synthesis of 2-(substituted-2-yloxy) 
acetohydrazide 8a–b13–15

The hydrazine hydrate (0.75 g; 0.015 mol) was added 
dropwise to solution of 7a or 7b (0.015 mol) in ethanol (25 
mL). The resulting mixture was subjected to ultrasonic ir-
radiation at ambient temperature for 0.5 h. The solid was 
filtered and dried to produce compounds 8a, Yield: 45%; 
m.p. 220–222 °C; 8b, Yield: 60%; m.p. 242–243 °C.

2. 6. Synthesis of Compounds (9a-b) 
Using a catalytic quantity of glacial acetic acid, sub-

stituted hydrazides 8a or 8b (0.01 mol) were added to a 
solution of compound 4 (0.01 mol) in methanol (50 mL), 
and the obtained mixture was refluxed for 4–18 h. The fi-
nal compounds (9a-b) were obtained by recrystallizing the 
reaction mixture from methanol after it had cooled.

Synthesis of 2-((3,6-dioxocyclohexa-1,4-dien-1-yl)ox-
y)-N’-(4-(-(2,4-dioxothiazolidin-5-ylidene)methyl)ben-
zylidene)acetohydrazide (9a)

Brown solid; Yield: 45%; m.p. 220–224 °C.; FT-IR 
υmax (KBr)/cm–1 3367, 3186 (NH), 1774, 1716, 1678 
(C=O); 1H NMR (DMSO-d6): δ 4.57 (s, 2H, CH2), 7.27–
8.02 (m, 9H, CH=C, H-Ar), 11.71, 11.76 (s, 2H, NH).  
13C NMR (DMSO-d6): δ 52.10, 116.22, 129.68,131.50, 
143.82, 146.87, 162.91, 163.51, 165.14, 165.43; Anal. Calcd. 
for C19H13N3O6S (411.05): C, 55.47; H, 3.19; N, 10.21; 
Found: C, 55.52; H, 3.09; N, 10.29%.

Synthesis of N’-(4-(-(2,4-dioxothiazolidin-5-ylidene)
methyl)benzylidene)-2-(naphthalen-1-yloxy)acetohy-
drazide (9b).

Pale brown solid; Yield: 60%; m.p.  243 °C; FT-IR 
υmax (KBr)/cm–1 3323–3257(N-H), 3098–3021 (C-HAr), 
2967–2911 (C-HAliph), 1709–1619 (C=O), 1651–1624 
(C=N) 1645–1625 (C=C); 1H NMR (DMSO-d6): δ 4.98 (s, 
1H, NH), 5.30 (s, 2H, CH2), 6.40–7.95 (m, 13H, C=CH, 
H-Ar), 11.73 (s, 1H, NH). 13C NMR (DMSO-d6): δ 62.54, 
105.99, 121.21, 125.76, 125.95, 126.46, 126.55, 127.89, 
127.94, 134.56, 154.11, 162.86, 172.54; Anal. Calcd. for 
C23H17N3O4S (431.09): C, 64.03; H, 3.90; N, 9.74; Found: 
C, 64.13; H, 3.99; N, 9.94%.
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2. 7. �Synthesis of 3-phenyl-2-(phenylimino) 
imidazolidin-4-one derivatives (13a-c) 
A mixture of phenylamine (0.01 mol, 0.94 g), urea 

(0.01 mol, 0.69 g), and chloroacetic acid (0.01 mmol, 0.95 
g was stirred for 30 minutes. The resulting mixture under-
went trituration with hot, diluted methanol solution in 
distilled water. After cooling, the precipitated solid was 
separated through filtration, subjected to drying, and sub-
sequently recrystallized using ethanol as solvent, produc-
ing buff-coloured crystalline material identified as com-
pound 13a-c.

Synthesis of 2-((4-chlorophenyl)imino)-3-phenylimida-
zolidin-4-one (13a)

Pale brown solid; Yield: 53%; m.p. 277–280 °C; FT-
IR υmax(KBr)/cm–1 3310–3277 (N-H), 3100–3001 (C-H, 
Ar), 2997–2941 (C-H, Aliph), 1733–1649 (C=O), 1649–
1627 (C=N), 1635–1619 (C=C); 1H NMR (DMSO-d6): δ 
3.90 (s, 2H, CH2), 6.17–7.62 (m, 9H, H-Ar). 13C NMR 
(DMSO-d6): δ 52.09, 114.00, 115.70, 120.13, 120.20, 
121.32, 129.01, 138.17, 147.50, 172.04; Anal. Calcd. for 
C15H12ClN3O (285.07): C, 63.05; H, 4.23; N, 14.71; Found: 
C, 63.12; H, 4.16; N, 14.63%.

Synthesis of 2-((4-bromophenyl)imino)-3-phenylimi-
dazolidin-4-one (13b) 

Pale brown solid; Yield: 66%; m.p 281–285°C; FT-IR 
υmax(KBr)/cm–1 3301–3282 (N-H), 3099–3001(C-H, Ar), 
2997–2941(C-H, Aliph), 1731–1656 (C=O), 1649–1627 
(C=N), 1625–1619 (C=C); 1H NMR (DMSO-d6): δ 3.90  
(s, 2H, CH2), 6.20–7.57 (m, 9H, H-Ar) . 13C NMR  
(DMSO-d6): δ 52.10, 107.50, 114.58, 114.60, 114.41, 
114.74, 116.27, 121.70, 131.78, 131.83, 132.01, 132.67, 
138.59, 147.87, 172.00; Anal. Calcd. for C15H12BrN3O 
(329.02): C, 54.56; H, 3.66, N, 12.73; Found: C, 54.66; H, 
3.78, N, 12.85%.

Synthesis of 2-((4-acetylphenyl)imino)-3-phenylimida-
zolidin-4-one (13c)

Pale brown solid; Yield: 43%; m.p. 279–284 °C; FT-
IR υmax(KBr)/cm–1; 3313–3267 (N-H), 3108–3021(C-H, 
Ar), 2977–2921 (C-H, Aliph), 1713–1619 (C=O), 1654–
1619 (C=N) 1645–1625 (C=C; 1H NMR (DMSO-d6): δ 
1.65 (s, 3H, CH3), 4.40 (s, 2H, CH2), 7.47–8.21 (m, 9H, 
C=CH, H-Ar), 11.71(s, 1H, NH). 13C NMR (DMSO-d6): δ 
22.49, 50.85, 128.54, 129.04, 129.38, 133.34, 133.37, 134.50, 
134.86, 143.00, 146.43, 169.34, 171.25; Anal. Calcd. for 
C17H15N3O2 (293.12): C, 69.61; H, 5.15; N, 14.33; Found: 
C, 70.11; H, 5.45; N, 14.67%.

2 .8. Biological Evaluation
2. 8. 1. Cell Culture

Human splenic fibroblast (HSF) and human colonic 
epithelial (Caco-2) cell lines, obtained from the National 
Cancer Institute in Egypt, were cultivated in RPMI 1640 or 

DMEM media (Gibco, USA) with a 10% fetal bovine se-
rum added (Hyclone, USA). At 70–80% confluence, cells 
were harvested using a 0.25% trypsin/EDTA cocktail and 
planted into a fresh culture flask containing DMEM-LG 
with 10% FBS and 0.1 mg/mL primocin. Flask were then 
incubated at 37 °C with 5% CO2. Cells were passaged every 
5–6 days, and the media was replaced every 48 hours.13,15

2. 8. 2. MTT Assay
Using the MTT assay, recently synthesized com-

pounds (9a-b, 13a–c) were evaluated for cytotoxicity 
against normal human skin fibroblasts (HSF) and malig-
nant Caco-2 cell lines, the latter derived from human 
colorectal adenocarcinoma and serving as a standard in 
vitro model for colorectal cancer. These compounds had 
not previously been tested against Caco-2 in this context, 
making this study novel in assessing their anticancer activ-
ity in a colorectal cancer model. The results, particularly 
for 13b and 13c, demonstrated significant cytotoxicity and 
selectivity, supporting their potential as anticancer agents.

The MTT assay was used to assess the cytotoxicity of 
compounds 9a-b and 13a–c by measuring cell viability via 
mitochondrial reduction of yellow tetrazolium salt to pur-
ple formazan crystals. Cells were plated at a density of 1 × 
104 cells/well in 96-well plates and incubated at 37 °C with 
5% CO2. They were then exposed to test compounds at 
concentrations of 0–500 μM for 48 hours. After incubation 
with 10 μL of MTT solution for 4 hours, 100 μL of solubi-
lization solution (e.g., DMSO) was added to dissolve the 
formazan, and absorbance was measured at 490 nm. Ex-
periments were conducted in biological triplicate, with un-
treated control cells set as 100% viability. IC50 values were 
analyzed using GraphPad Prism 5.0.

2. 9. Docking Simulation
AutoDockTools-1.5.6rc3 (ADT4),16 was adopted for 

in silico molecular docking toward calculate the compel-
ling modes of potent 13b through selected proteins. ADT4 
has been widely reported as one of the best docking tools 
for structure-based drug design and virtual screening of 
drug-like molecules through the prediction of how the lig-
ands can interact with protein targets to obtain the possi-
ble effective interactions between them.17–19 In the current 
docking, we have used Bcl-2 protein (PDBID: 4IEH) 
which is recognized as a target for anti-cancer compounds, 
especially with colorectal cancer.19–21 The 3D structure da-
ta of Bcl-2 protein target proteins were obtained in pdb, 
format from RCSB- PDB internet site (http://www.rcsb.
org/pdb/). Besides, the compound 13b was built and re-
fined in 3D-Chem Draw Ultra 12.0 and minimized ener-
getically by MM2 force field before saving in pdb. file. Pri-
or of the docking, the target protein has been prepared by 
deleting all water, co-crystal ligand and co-factors. As well, 
ADT4 was utilized to set polar hydrogens, charge deacti-

file:///C:\Users\HP\Downloads\RCSB-%20PDB
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vations and rotatable bonds. The computer simulation of 
ligand-protein was achieved under Lamarckian Genetic 
Algorithm (LGA) technique.22 The docking grid box [110 
× 110 × 110 Å3] was run at the active site pocket of the Bcl-
2 protein. The prediction analysis of docking results was 
carefully done under strict settings with RMSD ≤ 2.0Å. 
This effects for modern docking exposed possible H-bonds 
as well as binding energy interactions of our compound 
with the Bcl-2 protein. The parameters of five orientations 
are recorded in Table 2. Along with ADT4, both PyMOL 
and BIOVIA software were also used for the analysis and 
visualization of the results.22–24

2. 10. Density Functional Theory (DFT)
The computational function within the current test 

was done through using DFT-B3LYP efficient under 
6-311++G(d,p) bases organized which is considered as 
one of the best computational quantum models used with 
organic compounds.25,26 DFT-B3LYP/6-311++G(d,p) 
combination has proven high degree of accuracy in the ge-
ometric optimization, energies, electronic structure and 
correlated molecular characteristics.26–28 Owing to the re-
lation between the reactivity features and biological be-
haviours of the compound, DFT-B3LYP/6-311++G(d,p) 
was employed to calculate the verves of lowest- unoccu-
pied/highest employed molecular orbitals (LUMO-HO-
MO) which are recognized as (FMOs = frontier molecular 
orbitals). Based on the FMOs, we have also computed the 
energy gap (ΔEgap) and other parameters of chemical reac-
tivities like; international electrophilicity index ψ, global 
hardness η, electronegativity χ, electronic chemical poten-
tial μ and global softness ζ. Moreover, the molecular elec-
trostatic potential (MEP) of the computed compound was 
also explored under the same computational combination. 
All the DFT studies, in the present work, were executed in 

Gaussian 09 program.29 While the construction of struc-
ture input file and figure visualizations have been done us-
ing GaussView5 program.13,30

3. Results and Discussion
3. 1. Rationale of the Study

This study builds on the well-documented pharma-
cological potential of thiazolidine-2,4-dione and imidazo-
lidine-2,4-dione scaffolds, both recognized for their broad 
spectrum of biological activities, particularly in cancer 
therapy (Figure 1). Previous research by El-Adl et al. de-
scribed the development of thiazolidine-2,4-dione-based 
compound A, which demonstrated superior anticancer 
efficacy compared to a reference drug against HepG2, 
HCT-116, and MCF-7 cell lines.30 Similarly, Mahmoud et 
al. reported the synthesis of novel imidazolidine-2,4-dione 
derivatives, derivative B, which exhibited significant cyto-
toxicity against MCF-7 and A549 cell lines, surpassing the 
activity of the standard treatment. Inspired by the robust 
anticancer profiles of these scaffolds, the present study in-
troduced strategic modifications to enhance their thera-
peutic performance. This approach successfully yielded 
compounds 13b and 13c, both showing notable inhibitory 
activity in vitro.

3. 2. Chemistry 
In this study, we synthesized novel imidazoli-

dine-2,4-dione as well as thiazolidine-2,4-dione deriva-
tives via synthetic pathway shown in Schemes 1. The pro-
duction of thiazolidine‑2,4‑dione 3 has been accomplished 
by an established literature procedure using chloro-acetic 
acid and thiourea in the presence of HCl as catalyst.31 
Consequently, Knoevenagel condensation of thiazoli-

Figure 1. Examples of the well-documented pharmacological potential of thiazolidine-2,4-dione and imidazolidine-2,4-dione scaffolds.
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din‑2,4‑dione 3 with equivalent amount of terephthalalde-
hyde was performed resulting in the formation of 
4-((2,4-dioxothiazolidine-5-ylidene)-methyl)-benzalde-
hyde 4 in the presence of piperidine.31

In this study, the key intermediate compounds, sub-
stituted ethyl 2-aryloxyacetates (7a-b), were synthesized 
efficiently with good yields by reacting ethyl 2-chloroace-
tate (6) with substituted hydroxy compounds (5a-b, as de-
tailed in Scheme 1) using anhydrous potassium carbonate 
in dry acetone. These intermediates were then reacted with 
hydrazine hydrate in ethanol to yield substituted 2-ary-
loxyacetohydrazides (8a-b) with yields of 84 and 92%.32,33 
In the final step, 4-((2,4-dioxothiazolidin-5-ylidene)me-
thyl)benzaldehyde (4) was refluxed with 2-aryloxyaceto-
hydrazides (8a-b) in absolute ethanol with a catalytic 
amount of acetic acid for 4–5 hours, forming Schiff bases 
(9a-b), as illustrated in Scheme 1.

In Scheme 2, the target molecules 13a-c were synthe-
sized by one-pot condensation reaction of aniline deriva-

tives 10a-c, urea 11, and chloro-acetic acid 12 which un-
dergo cyclization without solvent to produce 
N-phenylimidazole, followed by condensation with anoth-
er molecule of aniline to furnish 3-phenyl-2-(phenylimi-
no)imidazolidin-4-one 13a-c.

All the target compounds were structurally con-
firmed through IR, 1H and 13C NMR spectroscopy. The 
formation of Schiff base compound 9a was confirmed by 
IR spectroscopy, which revealed a C=N stretching band at 
1649 cm–1 and two carbonyl stretching bands at 1626 and 
1635 cm–1, consistent with conjugated carbonyl groups. 
The 1H NMR spectrum showed signals at 11.71 and 11.76 
ppm, assigned to two NH proton Additionally, new signals 
were observed in the range of 7.27–8.02 ppm, attributed to 
C=CH and aromatic protons. The IR spectrum of com-
pound 13a revealed bands at 3282 and 3292 cm–1 assigned 
to NH stretching and a band at 1639 cm–1 assigned to C=N 
stretching. The 1H NMR spectrum displayed a signal at 
3.90 ppm attributed to the CH₂ group and signals in the 

 Scheme 1. Synthetic route of compounds 9a and 9b.

Scheme 2. Synthesis of compounds 13a-c
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range of 6.20–7.57 ppm corresponding to aromatic pro-
tons, consistent with the proposed structure.32,33

3. 3. Biological Assays 
3. 3. 1. Cytotoxicity Assay

This study investigated the in vitro cytotoxic activity 
of all selected compounds (9a-b and 13a-c) against normal 
(HSF) and cancer (Caco-2) cell lines. All tested com-
pounds exhibited cytotoxicity against Caco-2 cells, with 
IC50 values ranging from 40.67 ± 0.09 to 109.2 ± 0.027 μM 
(Table 1). Compounds 13b and 13c showed higher cyto-
toxicity, with IC50 values of 41.30 ± 0.07 μM and 109.2 ± 
0.027 μM, respectively. Compounds 13a and 9a displayed 
moderate cytotoxicity, with IC50 values of 40.67 ± 0.09 μM 
and 66.68 ± 0.068 μM, respectively, while compound 9b 
exhibited less potent cytotoxicity, with an IC50 value of 
73.91 ± 0.03 μM. To address IC50 values exceeding 500 μM, 
particularly for HSF cells, compounds 9a-b and 13a-c 
were tested using a two-fold serial dilution from 15.625 to 
1000 μM. Compounds with low cytotoxicity against HSF 
cells (e.g., 13b, 13c) were evaluated at higher concentra-
tions, despite initial screening up to 500 μM. IC50 values 
were calculated using GraphPad Prism 5.0 based on full 
dose-response curves, with data points up to 1000 μM en-
suring accurate determination for compounds like 13c, 
which showed low inhibition below 500 μM. All com-
pounds were soluble in culture medium with ≤0.5% DM-
SO, showing no precipitation or turbidity, ensuring no ve-
hicle-related cytotoxicity. Caco-2 and HSF cell lines were 
treated under identical conditions (seeding density, incu-
bation time, medium composition, assay procedures) to 
ensure data consistency and comparability, validating the 
reported IC₅₀ and selectivity index values.

Table 1. In vitro cytotoxicity (IC50) of compounds 9a-b and 13a-c 
against HSF and Caco-2 cell lines using the MTS assay.

Compound	                    IC50 ± SD* (μM)	 SI for Caco-2
	 HSF	 Caco-2	

9a	 187.3±0.014	 66.68±0.068	 2.81
9b	 102.1±0.11	 73.91±0.036	 1.38
13a	 143.4±0.022	 40.67±0.09	 3.52
13b	 496.8±0.041	 41.30±0.07	 12.03
13c	 805.9±0.05	 109.2±0.027	 7.38

*IC50: Concentration of the compound resulting in 50% suppres-
sion of cell growth ± standard deviation.

The selectivity index (SI), defined as the ratio of IC50 
values for normal (HSF) to cancer (Caco-2) cell lines, was 
calculated and presented in Figure 2 and Table 1. SI values 
greater than 2.0 indicate higher selectivity for cancer 
cells.34 According to the results, compound 9b with SI of 
1.38 suggests that it has comparable effects on malignant 

and healthy cells, which limits its usefulness as a selective 
anticancer agent. Because cancer cells do not exhibit a 
markedly increased cytotoxicity, the use of this compound 
in therapy may result in significant toxicity to normal cells, 
raising the possibility of adverse effects. On the other 
hand, compound 9a demonstrates moderate selectivity (SI 
= 2.81), indicating that although the chemical is more 
harmful to cancerous cells than cells that are normal, the 
difference is not very large. This indicates that the possibil-
ity of cytotoxic effects on healthy cells remains at thera-
peutic dosages. Compound 13a, with an SI of 3.52, demon-
strated moderate selectivity for Caco-2 cells over HSF 
cells, making it a promising candidate for further preclini-
cal anticancer studies. According to this, the compound is 
substantially more cytotoxic to cancer cells than healthy 
cells, which makes it an attractive option for more preclin-
ical study in anticancer investigations. Compounds 13b 
and 13c exhibited SI values of 12.02 and 7.38, respectively, 
for Caco-2 cells relative to HSF cells, indicating higher se-
lectivity with significantly greater cytotoxicity toward can-
cer cells than normal cells (Figure 2). These results posi-
tion both compounds as promising candidates for further 
anticancer drug development.35

Figure 2. SI of synthesized compounds.

3. 3. 2. Docking Simulation
The molecular docking study was aimed to check the 

possible effective interactions of potent molecule com-
pound 13b with the Bcl-2 protein receptors. Based on the 
co-crystal ligand, the typical modes for  inhibition binding 
positions were identified within the Bcl-2 active site, which 
comprise the interaction of cocrystal ligand (1E9) with 
ARG66 and GLY104 residues.20 The outcomes of recent 
docking exposed rational H-bond connections with our 
ligand with the effective amino acids of Bcl-2 as listed in 
Table 2. The greatest binding energy reached (–7.77 kcal/
mol) through three H-bond interaction formed as single 
bond of GLY104 with N14 atom at distance 1.78 Å, as well 
as double H-bonds linked over-coordinated O29 atom of 
our ligand with two N atoms of ARG66 residue at distanc-
es of 1.78, 1.82 and 2.14 Å forming R2

1 ring motif which 

https://www.rcsb.org/ligand/1E9
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strengthens the interaction and bond stabilization of pro-
tein-ligand. Additionally, this conformation exhibited pi-
pi stacking between HIS432 and the phenyl ring of com-
pound 13b, as shown in Figures 3 and 4. Other 
conformations (2 and 3) showed hydrogen bonds with 
ARG66 and PHE63 via the O29 atom (2.17 Å and 2.28 Å, 
binding energies of –7.71 and –7.69 kcal/mol, respective-
ly). Moreover, the conformations 2 and 3 showed H-bond 

interactions of AGR66 and PHE63 a with the O29 atom at 
distances 2.17 and 2.28 Å and B.E of –7.71 and –7.69 kcal/
mol. Likewise, TYR161 and GLY104 residues in confor-
mations 4 and 5 shaped H-bonds with N14 atom at dis-
tances of 2.15, and 1.97 Å (see Figure S1 in Supplementary 
Material).  Thus, the bond interactions in our current 
docking are observed to be parallel to that of co-crystal li-
gand and reported literature which reflects the perfect set-
tlement of our potent molecule in Bcl-2 active site pock-
et.20,21,36 Figure 3 depicts 2D plot of ligand-Bcl2 
interactions, while Figure 4 illustrates the enfoldment of 
ligand inside Bcl-2 active site cleft with zoom view in rib-
bon and 3D models. Consistently, the computer docking 
predicted the better B.E values and strong bonding inter-
actions of our potent compound 13b, that might be a fa-
vourable candidate for anticancer drugs development.

3. 4. Density Functional Theory (DFT)
3. 4. 1. Geometry Optimization 

The structure geometry of compound 13b has been 
prudently enhanced at stationary point of ground state 
energy level, which is adopted in all other computations. 
Furthermore, the stability of optimized geometry has 
been examined and confirmed by implementing the ‘’sta-

Table 2.  Docking results of the potent molecule 13b compound docked with 4IEH.

Conf	 B.E	 L.E	 I. C, µM	 vdW-Hb-	 H-bonds of	 B.L	 π‒Interaction
	 (kcal/mol)		  T = 298.15 K	  des-energy	  amino acids	 (Å)	 (Å)
				    kcal/mol	 with ligand

1	 –7.77	 –0.39	 2.03	 –7.82	 AGR66NH:	 1.82	 TYR161…Cg1
					     O	 2.14
2	 –7.71	 –0.39	 2.23	 –7.76	 AGR66NH:O	 1.47	 -----------------	
3	 –7.69	 –0.38	 2.31	 –7.47	 PHE63NH:O	 2.28	 TYR161…Cg2	
4	 –7.21	 –0.36	 5.22	 –7.55	 TYR161O:HN	 1.45	 -----------------	
5	 –7.07	 –0.35	 6.56	 –7.52	 GLY104O:HN	 1.42	 TYR161…Cg1	

Conf: Conformation, B.E: Binding Energy, L.E: Ligand Efficiency, I.C: Inhibition Constant, vdW: Vander Walls energy, Hb: Hydrogen 
bond energy, des: desolv energy, and B.L: Bond length. Cg1 and Cg2 are the centroids of phenyl and bromophenyl rings, respectively.

Figure 3. 2-D interaction plot of the potent molecule compound 
13b docked with 4IEH showing hydrogen bond and pi interactions.

Figure 4. Visualization of whole and close view of the potent molecule compound 13b docked at the active site groove of the protein target a) Ribbon 
and b) 3D model.
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bile’’ keyword and validated by the nonappearance of neg-
ative frequencies, which specified the stationary point 
computed structure at the ground state.37,38 The DFT op-
timized tested form of compound 13b through atoms 
enumeration is given in Figure 5. The selected computed 
geometries are recorded in Tables 3–5. Full geometry pa-
rameters are given in Tables 3–5 of Supplementary Mate-
rial. The DFT computed structure of compound 13b ex-
hibited coplanarity conformation between phenyl rings, 
while the mean plane of imidazole ring is nearly perpen-
dicular to the both phenyl rings as depicted in Figure 5. 
The torsion angle usually describes the steric connection 
across the bonds and ring geometries. The imidazole ring 
is an anti-clinal conformity by point to the phenyl ring, as 
specified by the rotation angle degree of –125.72° (C28–
N13–C17–C18). While the imidazole ring exhibited in 
+anti-clinal with respect to bromophenyl ring according 
to the torsion angle of C4–C3–N12–C15 (121.24°). The 
optimized geometry of compound 13b is in good agree-
ment with the similar reported phenyl-imidazole com-
pounds.39

3. 3. 2. Frontier Molecular Orbitals (FMOs) 
The reactivity, stability, and electronic transport 

properties are significantly associated with the values of 
EH, EL and ΔEgap which empowers us to explore chemical 
hardness, softness, and kinetic stability for tested mole-
cules.40,41 Typically, the small data for ΔEga reflects the 
softness which lead toward the easy electronic transporta-
tions from HOMO toward LUMO of the molecules, which 

points to the significant bio-activity of the molecules. Be-
cause the biomedical system possess well interaction with 
soft molecules compared to hard ones.42 The illustration of 
LUMO and HOMO populations of 13b are depicted in 
Figure 6, as (–ve &+ve) stages are introduced in red as well 
as green, individually. The computed values all reactivity 
parameters are enumerated in Table 6.  The EH value of 
HOMO orbital is found to be –3.514 eV with electronic 
distribution of π character appears over the bromophenyl 
ring which predictable to involve in pi-pi stacking interac-
tion. In addition, the σ electronic density covered the imi-
dazole ring and bromine moiety, while the other phenyl 
ring has no electron density. In contrast, the LUMO orbital 
revealed the main π electronic distribution over the entire 
molecular system with EL = –1.060 eV. The DFT values of 
ΔEgap and softness are 2.453 eV and 0.815, respectively. 
The lower ΔEgap value, highest softness degree and main 
dose of electronic intensity for LUMO compared to LU-
MO signifies the easiest of electronic transportation and 
good reactivity of the molecule in comparison of similar 
reported compounds.43,44

3. 3. 3. Molecular Electrostatic Potential MEP 
The diagram of 3D-MEP illustration at different ori-

entations of our potent molecule is shown in Figure 7. It 
portrayed in colour system ranging from highest +ve po-
tential (dark blue) to highest –ve potential (deepest red). 
The highest nucleophilic site (i.e., –ve site) seems round 
the oxygen atom, so it exists an attractive object for the 
electrophilic attack to shape acceptor hydrogen bonds. The 
average –ve sites represented by orange colour and appear 
over bromine Br11 and nitrogen bridge atom N12 with 
middling opportunity to construct H-bonds with electro-
philic sites. On the other hand, the maximum electrophilic 
site (i.e., +ve site) appears over the nitrogen atom in imida-
zole ring N14, so it tends to build donor hydrogen bond 
during the interaction with nucleophilic substrate-protein 
interactions, (see docking part).

Besides, the carbon atom in imidazole ring C30 ex-
hibited average +ve site which may also act as hydrogen 
donor in the interaction with nucleophilic sites. The light 
green (zero potential) is broadly covering phenyl rings, 
which tend to shape pi-bonding interactions as demon-
strated in docking study.  

Table 4. Selected bond angles (°) of potent compound 13b computed at dft-b3lyp/6-311++g(d,p)

Atoms	 Angle (°)	 Atoms	  Angle (°)	 Atoms	 Angle (°)	 Atoms	 Angle (°)

C2–C1–C6	 119.46	 C6–C5–H10	 120.36	 N13–C17–C18	 120.23	 C24–C22–H26	 120.22
C2–C1–H7	 120.16	 C1–C6–C5	 120.75	 N13–C17–C19	 119.21	 C20–C24–C22	 119.81
C2–C3–C4	 118.34	 C15–N13–C28	 111.52	 C17–C19–C22	 119.57	 O29–C28–C30	 126.58
C2–C3–N12	 122.24	 C17–N13–C28	 123.91	 C17–C19–H23	 119.9	 N14–C30–C28	 102.71
C3–C4–H9	 118.9	 H16–N14–C30	 122.49	 C18–C20–H25	 119.51	 C28–C30–H31	 109.08
C4–C5–C6	 119.43	 N12–C15–N14	 130.23	 C19–C22–C24	 120.24	 H31–C30–H32	 108.59

Table 3. Selected bond lengths(å) of potent compound 13b comput-
ed at dft-b3lyp/6-311++g(d,p)

Atoms	 Length (Å)	 Atoms	 Length (Å)

C1–C2	 1.3927	 N14–H16	 1.008
C1–C6	 1.3911	 N14–C30	 1.4511
C3–N12	 1.4054	 C19–C22	 1.3925
C4–C5	 1.3918	 C19–H23	 1.0822
C4–H9	 1.0836	 C20–C24	 1.394
C6–Br11	 1.9195	 C22–H26	 1.0839
N12–C15	 1.2726	 C24–H27	 1.084
N14–C15	 1.3792	 C30–H32	 1.093 
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Table 6. Values of homo-lumo, δegap and reactivity parameters of 
potent compound 13b computed at dft-b3lyp/6-311++g(d,p)

Property	 Formula	 Value

LUMO energy	 EL (eV)	 –1.060
HOMO energy	 EH (eV)	 –3.514
Energy gap	 ΔEgap = EL –EH (eV)	 2.453
hardness	 η = (EL – EH)/2 (eV)	 1.227
Softness	 ζ = 1/η (eV-1)	 0.815
Chemical potential	 μ = (EL + EH)/2 (eV)	 –2.287
Electronegativity	 χ = –μ (eV)	 2.287
Electrophilicity	 ψ = μ2/2η (eV)	 2.132

4. Conclusions
To summarize, our work involved design and syn-

thesis of two compound series featuring imidazoli-
dine-2,4-dione as well as thiazolidine-2,4-dione structural 
elements. The synthesized compounds have demonstrated 
notable cytotoxicity against the tested cancer (Caco-2) cell 
lines. The two most potent compounds were compound 
13b and compound 13c. The activity values of these com-
pounds against the Caco-2 cell line were 41.30 ± 0.07 μM 
and 109.2 ± 0.027 μM, respectively. The compounds 13b 
and 13c, which exhibited the highest activity, had selective 
index values of 12.03 and 7.38, respectively. This indicates 
that the compounds had a good therapeutic window and 
significant anticancer selectivity. To validate its promise as 
a clinically effective anticancer treatment, more mechanis-

Table 5. Selected torsion angles (°) of potent compound 13b computed at dft-b3lyp/6-311++g(d,p)

Atoms	 Angle (°)	 Atoms	 Angle (°)	 Atoms	 Angle (°)

C6–C1–C2–C3	 –0.05	 C3–N12–C15–N14	 –3.26	 N13–C17– C19–C22	 –179.01
C2–C1–C6–Br11	 –179.94	 C15–N13–C17–C18	 55.4	 C17- C18- C20- H25	 179.59
H7–C1–C6–C5	 –178.99	 C15–N13–C17–C19	 –125.58	 H21–C18–C20–C24	 –179.59
H7–C1–C6–Br11	 0.5	 C28– N13–C17–C18	 –125.72	 H21–C18–C20–H25	 0.64
C2–C3–C4–C5	 1.23	 C17–N13–C28– C30	 –179.65	 C18–C20–C24–C22	 0.22
N12–C3–C4–C5	 176.95	 H16–N14–C15–N13	 160.69	 H25–C20–C24–C22	 179.99
C4–C3–N12–C15	 121.24	 C15–N14–C30–C28	 –9.11	 C19–C22–C24–H27	 –179.72
H9–C4–C5–C6	 178.88	 H16–N14–C30–C28	 –159.56	 N13–C28–C30–N14	 5.66
C4–C5–C6–Br11	 –179.68	 N13–C17–C18–C20	 179.53	 O29–C28–C30–N14	 –174.5

Figure 5. Optimized structure of the potent compound 13b DFT-
B3LYP/6-311++G(d,p).

Figure 6. HOMO-LUMO surfaces with ΔEgaof the potent 13b com-
puted at DFT-B3LYP/6-311++G(d,p) combination.

Figure 7. MEP of the potent molecule1 obtained by DFT-B3LYP/6-311++G(d.p) level
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tic research, in vivo validation, and drug formulation im-
provement are required.
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Povzetek
Sintetizirali smo derivate tiazolidin-2,4-diona in imidazolidin-2,4-diona. Tiazolidin-2,4-dion 3 je bil pripravljen z up-
orabo kloroocetne kisline in tiouree, nato pa kondenziran s tereftalaldehidom za tvorbo 4-((2,4-dioksotiazolidin-5-il-
idensko)metil)benzaldehida 4. Ta spojina je reagirala z 2-ariloksiacetohidrazidi 8a in 8b in dala Schiffove baze 9a-b. Im-
idazolidin-2,4-dioni 13a-c so bili sintetizirani s ciklizacijo anilinov 10a-c, sečnine 11 in kloroocetne kisline 12. Spojine 
9a-b in 13a-c so bile ovrednotene glede protitumorske aktivnosti proti celični liniji Caco-2, pri čemer sta spojini 13b in 
13c izkazali najmočnejšo jakost (vrednosti IC50 41,30 ± 0,07 μM in 109,2 ± 0,027 μM). Izvedeni so bili DFT-izračuni, 
vključno z analizo HOMO-LUMO, oceno energijske vrzeli in molekularnim dokovanjem, z namenim ovrednotenja in 
optimizcije molekulskih lastnosti ciljnih spojin.
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