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ABSTRACT: The bioactivity of 1,3-thiazolidin-4-one derivatives T g & .
with a 2,5-bis (2,2,2-trifluoroethoxy) phenyl moiety was computa- EJ\IOF\/ 35 ¢ C?)
tionally developed and evaluated. All of the synthesized thiazolidin- ... L/ls = A 2 i
4-one derivatives have their chemical structures characterized using Z= G A F Cola spoposs ofGolstoma

1

1,4-Thiazolidinone compound Se

s

a variety of methods, including nuclear magnetic resonance
(NMR) ('H and 'C), high-resolution mass spectrometry

(HRMS), and Fourier transform infrared (FTIR) radiation. A L ddGe SO ‘ ® 5 g
human glioblastoma cancer cell line (LN229) was used to  j %, S AR @ « Lo e

investigate the purified derivatives’ antiglioma cancer efficacy. By  ( i T % 1%1 © 7
o e

using the MTT, colony formation, and tunnel tests, respectively, ~
the in vitro cytotoxic and apoptotic effects of these compounds '
were assessed. Thiazolidin-4-one derivatives Sb, Sc, and Se were
discovered to have the best efficacy against glioblastoma cells out of
all of these compounds. The derivatives Sb, 5S¢, and Se were determined to have respective IC, values of 9.48, 12.16, and 6.43 g/mL.
Computation results showed that the bioactivity evaluations of the compounds were quite significant. The bridging —NH group
forms a hydrogen bond with Glu 260 of synthesized derivatives Sb, Sc, 5d, Se, and Sh. The vast majority of freshly developed
compounds obeyed Lipinski’s rule of five, which is in line with the results that the ADMET model predicted. Additionally, molecular
docking evaluation and molecular dynamics simulation investigations against the proteins AURKA and VEGFR-2 were conducted
for the synthesized compounds to incorporate both in silico and in vitro data. The findings revealed that almost all of the compounds
had considerable binding to AURKA and VEGFR-2 residues, with binding affinities ranging from —9.8 to —7.9 kcal/mol.
Consequently, the results of the biological investigations and the docking scores demonstrated that thiazolidinone molecule Se
containing 4-chlorophenyl substituent may be considered as a potential moiety for glioblastoma cancer treatments.

Binding pose

1. INTRODUCTION and cell death, are the current standards of care for the
. 6,7 .

A wide variety of malignancies are collectively termed cancer. treatment of gliomas.”" The most crucial aspect of tumor

These tumors are often distinguished by unchecked cellular treatment is radiotherapy, which extends patient survival by 3—

growth and proliferation, uncontrolled cell migration, and the 4 months for a period of 7—12 months. However, the survival

spread of organs and tissue.”” When various regulatory,
signaling, and apoptotic pathways are interfered with a variety
of stimuli, a normal cell may develop tumors.” Carcinogenic
cells mostly exhibit highly unregulated cellular proliferation as
a distinguishing trait.* more efficient treatment modalities, such as “targeted” therapy,

The second most common cause of neurological disease- which focuses on a specific biochemical target or class of
related death is central nervous system (CNS) malignancies.’ 10,11
Most intracranial tumor adults are gliomas, with glioblastoma
multiform (GBM) having the worst prognosis and being the
most frequent. It is very challenging to properly treat GBMs,
which are grade IV gliomas, because of their rapid rate of
proliferation and infiltrative growth pattern, which make them
resistant to the medications that are currently being utilized.””
Chemotherapy, radiation therapy, and the alkylating medi-
cation Temozolomide (TMZ), which results in DNA damage

increases from an average of 12.1—14.6 months when adjuvant
TMZ is used.”’
Today’s cancer research is centered on developing novel,

targets in cancer cells. Therefore, developing new
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Figure 1. Design strategy for 2,5-bis(2,2,2-trifluoroethoxy)benzamide-1,3-thiazolidin-4-one hybrids.

anticancer drugs in medicinal chemistry that are selectively
directed toward cancer cells is a fascinating application field.

The Aurora kinase family of enzymes is significant because it
controls various facts of cellular division in mammalian cells,
which includes Aurora A, B, and C. Failure to maintain a
constant chromosomal content, a condition that can aid in
tumorigenesis, has been linked to the dysfunction of these
kinases.'”"” Furthermore, Aurora-A is frequently carcinogenic
and is increased in several tumor types. The therapeutic
inhibition of these kinases, on the other hand, has shown its
abilities in the treatment of cancer, probably because of their
crucial roles during cell division.'*"

Another innovative target is VEGFR-2. Biological and
preclinical data suggest that blocking VEGFR-2 may be an
effective strategy to stop tumor-induced angiogenesis.'”'” A
significant VEGF-signaling effector is the VEGF receptor 2
(VEGFR-2), which is produced by the tumor as well as
endothelial cells to boost both the autocrine and paracrine
effects of VEGF -A signaling.'® The overexpression of some
VEGF ligands, such as VEGF-C and VEGEF-D, is linked to the
course of disease in a variety of solid tumors."

Heterocyclic structures with nitrogen and sulfur are a well-
known family of molecules that offer many opportunities for
the synthesis of novel chemical compounds with physiological
effects.”” The study of 1,3-thiazolidin-4-ones, which are

43597

heterocyclic nuclei with sulfur, nitrogen, and a carbonyl
group in the first and third positions, has expanded significantly
in recent years. *% The agile and adaptable thiazolidinone
scaffold has been utilized in a variety of accurate diagnostic
medications.*”" It is generally known that the thiazolidinone
molecule (a thiazolidine ring with a carbonyl group) exerts a
wide range of biological functions, and this molecule is
recognized as a potent moiety in drug discovery.”” This moiety
plays a special role in a wide range of pharmacological
substances helping to develop and improve different anticancer
drugs 2%

Due to numerous biological features, including its ability to
be antlcancer,212425 anti- HIV anti-inflammatory,”” antitu-
bercular,”®* antidiabetic,*° antlmlcrobial31 and antioxidant,**
the 1,3-thiazolidine-4-one derivatives scaffold, in particular, is
receiving a lot of interest. Recent decades have seen an increase
in the importance of research on 1,3-Thiazolidine-4-one
derivatives for their anticancer activity on prostate, breast,
ovarian, lung, colon, kidney, central nervous system cancer,
leukemia, and melanoma cell lines for the creation of
anticancer medicines.’**

Utilizing the structural frameworks of previously reported
compounds, multifunctional molecular hybrids have been
developed. There are numerous therapeutics on the market
that combine the thiazolidinone substructure with other

https://doi.org/10.1021/acsomega.3c04662
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heterocyclic moieties. Examples include Efatutazone I, which is
well known for its effectiveness in treating metastatic colorectal
cancer, °> and Darbufelone II, which acts as a dual COX-2/5-
LOX inhibitor on colon cancer cell growth and apoptosis.”® A
registered antitumor has also been recorded for Compound III
(MKT 077)*(Figure 1)

Given the foregoing, the goal of this research is to examine
novel molecules that may serve as important anticancer agents.
The primary goal of this work is to synthesize these
heterocycles from acid hydrazide, various arene aldehydes,
and mercaptoacetic acid, to use an in silico technique, and to
assess their anticancer activity in GBM cells to prove them as
an effective inhibitor of AURKA and VEGFR-2.

2. RESULTS AND DISCUSSION

1. Chemistry. Scheme 1 provides the reaction plan
utilized to synthesize the title compound. The product of
esterification of 2,5-bis(2,2,2-trifluoroethoxy)benzoic acid was
utilized to synthesize the essential product, 2,5-bis(2,2,2-
trifluoroethoxy)benzohydrazide (3). By condensing the
relevant aldehydes with 2,5-bis(2,2,2-trifluoroethoxy)-
benzohydrazide in an ethanol medium, the hydrazones (4a-
k) were synthesized. The hydrazones and thioglycolic acid
when refluxed with 1,4-dioxane yielded N-[2-(phenyl)-4-oxo-
1,3-thiazolidin-3-y1]-2,5-bis(2,2,2-trifluoroethoxy)benzamide
(5a-k).

The spectral assessment was ascertained using high-
resolution mass spectrometry (HRMS), nuclear magnetic
resonance (NMR), and infrared (IR) analyses (Table 1).

In the IR spectrum of N-[2-(3,4-dimethyl phenyl)-4-oxo-
1,3-thiazolidin-3-yl]-2,5-bis(2,2,2-trifluoroethoxy)benzamide
(5d), for —NH, the band was observed at 3398 cm™". The Ar—
CH group showed a band at 3083 cm™'. The CH band was
found at 2918 cm™'. The carbonyl absorption band of the
thiazolidine ring was seen at 1717 cm™". A stretching vibration
of the aromatic C—C bond was noticed at 1588 cm™'. The
band appeared at 1224 cm™" due to the stretching vibration of
C-0-C.

In addition, proton NMR showed a multiplet at 6 4.0—4.38
integrating for four protons, which was detected in the 'H
NMR spectra of compound S5d for the CH, group of the
trifluoroethoxy group linked to the parent moiety. The CH,
protons of the thiazolidine cycle were detected as a singlet at &
3.7—3.9. The CH proton of the thiazolidine ring is responsible
for a singlet at 6 5.95. The dimethyl groups showed resonance
at 0 224 and 2.25. The signals are due to NH protons
observed in the region of 6 8.89. The 6 protons of the benzene
ring appeared as a multiplet at 6 6.84—7.68. Similarly, in the
3C NMR spectrum of the compound, the dimethyl groups
showed peaks at 6 19.4 and 19.6. The thiadiazoline CH,
resonated at 0 30.1. The thiadiazoline CH resonated at &
62.78. The CH, of the trifluoroethoxy group showed a peak at
0 66.1—67.6. The carbonyl carbon of the thiazolidine ring gave
a peak at 6 162.6. The carbonyl carbon attached to NH gave a
peak at 0 169.6. Additionally, the HRMS spectrum of this
molecule revealed the molecular ion peak at m/z 551.0229 [M
+ Na]*, which is compatible with the molecular formula =
C,,H,0FeN,0,S.

2.2. In Silico Studies. To screen the compounds, the
binding energy and stable binding poses of drug molecules
were anticipated. A two-dimensional (2D) ligand interaction
diagram of 1,3-thiazolidine-4-one derivatives with (a) AURKA
and (b) VEGFR-2 is shown in Figure 2. According to docking

Scheme 1. Synthetic Route and Structures for Compounds
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“Ar = 2-chlorophenyl, biphenyl, 3,5-dibromo-4-hydroxy phenyl, 3,4-
dimethyl phenyl, 4-chlorophenyl, m-NO, benzaldehyde, 2,6-dichlor-
ophenyl,4-methoxyphenyl, furfural, 3,4-dihydroxy phenyl, 6-methoxy
naphthyl.

studies, the main variables affecting the interactions are
hydrophobic and 7-stacking interactions. For both AURKA
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Table 1. Molecular Structure Data of Compounds Sa—k

compound. no Ar mol-wt M.E m.p (°C) yield (%)

Sa biphenyl 570.5 C,sH,0F¢N,0,S 115-117 92
Sb 3,5-dibromo-4-hydroxy phenyl 668.1 C,oH,,Br,FgN,05S 172—-173 95
Sc 2-chlorophenyl 528.8 C,oH,;CIF¢N,0,S 102—104 88
sd 3,4-dimethyl 5224 CyoHy0FN,0,8 142—144 85
Se 4-chlorophenyl 528.8 C,oH,;CIFN,0,S 111-113 89
sf m-NO, 539.4 CyoH sFN;O6S 127-129 86
5g 2,6-dichlorophenyl 563.2 C,oH,,CLFN,0,S 116—117 81
Sh 4-methoxyphenyl 524.4 C,,HgF¢N,O4S 106—108 72
si furfural 4843 CysH,FN,O,S 121-123 74
5j 3,4-dihydroxy phenyl 526.4 C,oH 6FeN,O4S 118—121 69
Sk 6-methoxy naphthyl 574.4 C,sH,0F¢N,O,S 122—-125 68
a ] Table 2. 1,3-Thiazolidine-4-one Derivatives Binding
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Figure 2. 1,3-Thiazolidine-4-one derivatives with (a) AURKA and (b)
VEGFR-2:2D ligand interaction diagram.

and VEGFR-2, none of the molecules exhibited a strong
tendency to create hydrogen bonds. The 1,3-thiazolidine-4-one
derivative docking study-derived binding affinities are given in
Table 2. Comparing 1,3-thiazolidine-4-one derivatives to
Temozolomide (—5.7 and —5.9 kcal/mol), the maximum
binding affinities were found for 1,3-thiazolidine-4-one
derivatives with AURKA and VEGFR-2, respectively, in the
vicinity of —9.8 to —8.0 and —9.4 to —7.9 kcal/mol.

2.2.1. AURKA. The interactions between the drug molecule
and kinase enzyme are mainly noncovalent in nature, which are
mainly the amino acid residues from Gly 140 to Asp 274 that

Affinities (in kcal/mol) to AURKA and VEGFR-2

binding affinity with (kcal/mol)

compound AURKA VEGFR-2
temozolomide -5.7 -5.9
1,3-Thiazolidine-4-one Derivatives
Sa -9.8 —8.2
Sb -9.0 —-8.7
Sc -89 -9.0
sd -9.2 —-8.1
Se —-8.7 -7.9
Sf -8.0 —9.4
Sg -85 —-9.2
Sh —8.6 —-8.7

cover the kinase’s binding pocket. Most of the interactions
between the molecules and residues Leu 273, Leu 263, Val
147, Leu 164, Leu 149, and Ala 160 are hydrophobic. The
bridging —NH group of the synthesized derivatives Sb, 5c, 5d,
Se, and Sh forms a hydrogen bond with Glu 260. The carbonyl
group of the five-membered ring in Sa and bridging carbonyl in
5f form hydrogen bonds with the residues Lys 141 and Lys 143
respectively. The aromatic 7—x stacking interactions demon-
strated by 1,3-thiazolidine-4-one derivative with AURKA are
given in Table 3. The parameters for the interactions of

Table 3. 7—x Aromatic Interactions between AURKA and
the 1,3-Thiazolidine-4-one Derivatives

compounds residues distance angle type
Sa Phe 144 6.35 83.26 edge-to-facee
Trp 277 6.69 58.71 edge-to-face
Sb Tyr 219 5.70 70.50 edge-to-face
Sc Tyr 219 4.96 71.59 edge-to-face
5d Tyr 219 6.37 66.84 edge-to-face
Se Tyr 219 5.71 86.82 edge-to-face
st Phe 144 6.01 84.11 edge-to-face
Trp 277 5.66 45.23 face-to-face
Sg Tyr 219 5.76 81.22 edge-to-face
Sh Tyr 219 5.94 71.94 edge-to-face

aromatic 7—7 stacking are 4.5—5.5 A for distance and 0—90°
for the angle between normal vectors of two rings. It is clear
that at a constant distance of around S—6 A, the compounds
prefer edge-to-face contact to face-to-face interactions with the
AURKA amino acid residues.

https://doi.org/10.1021/acsomega.3c04662
ACS Omega 2023, 8, 43596—43609
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Further validation of the docking data was provided by 100
ns molecular dynamics simulations. Two compounds, Se (most
active) and Sh (moderately active), were chosen from the
series to investigate how ligands behave dynamically at protein-
binding locations. Figure 3 shows the RMSD profile as well as

0.5
(a)
04 1
— backbone AURKA/5¢
zé — backbone AURKA/Sh
£ 0.3F 7
Z
2 0.2F,
=4
0.1
0 s s L L
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Figure 3. RMSD profiles of (a) backbone atoms in complexes with
AURKA and (b) ligands concerning AURKA over 100 ns of

simulation.

the backbone atoms concerning protein. It is conceivable that
the conformation of the residues in the kinase’s binding pocket
was altered by the ligand binding. Because the protein
fluctuations in the AURKA/Sh complex are higher than
those in the AURKA/Se complex, the mobility of active ligand
Se is high with the kinase backbone with an average RMSD of
0.6 nm after 20 ns. The compound Sh showed stable
movements up to 80 ns, which further changed the binding
geometry after 81 ns. Thus, it may be said that complex Se
demonstrated stronger binding pocket stability than complex
Sh.

The ligand at the binding pocket was discovered to be
stabilized via hydrogen-bond interactions, just like 7—n
interactions. The results from molecular docking are supported

by the average single hydrogen-bond contact being steady over
the course of the 100 ns simulation (Figure 4). Hydrogen
bonds could form between several residues, which are not seen
in docking experiments since the ligand was able to adopt a
favorable conformation at the pocket. Molecule Se demon-
strated three interactions involving hydrogen bonds with
residues Glu 260, Asn 261, and Lys 141, with Glu 260 making
a greater contribution to stability than the other residues. The
lower hydrogen-bonding occupancy is observed for the
moderately active compound (Table 4).

Table 4. Occupancy of Hydrogen Bond between the
Residues of Amino Acids and the Ligand in the Kinase
Binding Pocket

ligand hydrogen-bond occupancy (%)
Se Se (H) -- 260Glu (O) 14.0
261Asn (H) --- Se (O) 6.5
141Lys (H) - Se (O) 9.9
sh 141Lys (H) - Sh (0) 25.1

2.2.2. VEGFR-2. Similar to how kinase enzymes interact with
substances, the interactions of VEGFR-2 with treatment
candidates were primarily hydrophobic in nature. The
interactions are mostly confined to the region of the receptor’s
binding site, which consists of the amino acid residues from
His 816 to Leu 1049. Most of the interactions between the
bulky groups in the molecule and the amino acid residues, such
as Cys 817, Ala 866, Val 848, Ala 881, Leu 882, Ile 888, Leu
889, Ile 892, Val 898, Val 916, Leu 1019, Cys 1024, Ile 1025,
and Leu 1049, were hydrophobic. Only two of these
derivatives, compounds Sd and 5f, demonstrated hydrogen-
bonding interactions with residues Ile 1025 and Arg 1027,
respectively. Table S lists the interactions between 1,3-
thiazolidine-4-one derivatives and VEGFR-2 that exhibit 7—7x
stacking. The majority of 1,3-thiazolidine-4-one derivatives are
shown to interact weakly face-to-face with the residues His
1026 and Phe 1047 at a distance around 6—9 and 8.6—9.8 A,
respectively. At the binding pocket, compound Sd typically
forms weak edge-to-face interactions with His 816. Unlike
other compounds, Sf prefers to form a stable edge-to-face
interaction with His 1026 at a distance of 4.77 A. The
compounds 5g and Sh do not favor 7— interactions, possibly
due to the unfavorable ligand orientation.

Based on the experimental observations, the compounds Se
(active) and Sh (moderately active) were selected to learn the
ligand’s dynamic behavior at the VEGFR-2 binding site.

40 60
Time (ns)

80

100

Number

3

40 60
Time (ns)

80 100

20

Figure 4. Representation of a number of hydrogen bonds established throughout the simulation at 100 ns. The plot shows the kinase complex with

Se (green) and Sh (blue).
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Table S. 7—m Aromatic Interactions between VEGFR-2 and
the 1,3-Thiazolidine-4-one Derivative

compounds residues distance angle type
Sa His 1026 8.97 48.11 face-to-face
Phe 1047 9.83 50.45 face-to-face
Sb His 1026 7.35 54.95 face-to-face
Phe 1047 8.99 36.58 face-to-face
Sc His 1026 7.76 55.62 face-to-face
Phe 1047 8.62 41.54 face-to-face
Sd His 816 10.73 88.66 edge-to-face
His 1026 6.16 40.80 face-to-face
Se His 1026 9.22, 6.28 45.56, 47.61 face-to-face
Phe 1047 9.76 47.73 face-to-face
St His 1026 4.77 66.02 edge-to-face

Concerning the protein, the backbone atoms of VEGFR-2 and
its ligand are represented by their RMSD profiles in Figure S.
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Figure 5. RMSD profiles of (a) backbone atoms in VEGFR-2/ligand
complexes and (b) ligand relative to VEGFR-2 over the course of 60
ns simulations.

The revelation that protein fluctuations are larger in the
VEGFR-2/5h complex than in the VEGFR-2/Se complex
alludes to a change in the conformation of residues in the
binding pocket following the ligand interaction. Ligand
movements cope well with protein movement. It is observed
that compound Se stabilizes at the VEGFR-2 binding pocket at
a higher RMSD value compared to compound Sh. In addition,
the numerous hydrogen bonds that occur between the ligands
and the VEGFR-2 binding site help to explain the stability of
the molecule. The compound Se was found to have stable
hydrogen bond interactions with the residue Arg 1027
throughout the simulation (Figure 6). The hydrogen-bond
occupancy for compound Sh is much lower, suggesting an

unfavorable ligand orientation at the binding site (Table 6).
Thus, it can be concluded that Se is the favorable drug
candidate to bind the VEGFR-2 binding site through
hydrogen-bonding interactions and 7—7 interactions than Sh.

2.2.3. ADME Toxicity Prediction. Metabolism, distribution,
adsorption, excretion, as well as toxicity are some of the
pharmacokinetic (PK) characteristics that were determined
using the Swiss ADME web application. Using a series of
protocols, the synthetic molecule’s drug-likeness, potency, and
bioavailability were anticipated as provided in Table S.1
(Supporting Information). Except for compounds Sa and Sg,
all of the compounds adhered to Lipinski’s rule of five. Because
every synthesized compound has a molecular weight of more
than 500 g/mol, these substances are membrane-permeable.
For all of the compounds, it was discovered that the dipole
moment, rotatable bonds, several hydrogen bond acceptors,
and several hydrogen-bond donors were all within the
acceptable ranges of 1.0—12.5 debye, 0—15, 0.0—6.0, and
2.0—20.0, respectively. The cumulative chemical cell perme-
ability value, or the polar surface area, ranges from 93.17 to
138.99 A’ indicating good oral availability. The BBB
assessment makes it clear that substances do not effectively
cross the blood—brain barrier (BBB) if the polar surface area is
less than <60 A% The projected PSA values are less than 139
A?, which indicates that the molecules have favorable intestine
absorption characteristics. Molar refractivity tells the individual
ion’s electronic polarizability and how they interact in
solutions. The synthesized molecules have refractive values
ranging from 114.02 to 134.44 m*/mol. Compound Sa has a
refractivity value over the allowable range. Except for Sa and
Sg, the projected ADMET features imply that the compounds
can be useful therapeutic molecules.

2.3. Pharmacology. 2.3.1. Anticancer Cytotoxic Study.
The MTT assay was used to examine the cytotoxic effects of all
newly synthesized 1,3-thiazolidine-4-one derivatives on LN229
cells of glioblastoma. For 48 h, newly synthesized drugs were
exposed at a concentration of 0, 5, 10, 15, 20, and 25 pm as
shown in Figure 7. The IC, values and the percentage of cell
death for all freshly synthesized substances are given in Table
7. In this regard, compounds containing side chains such as
3,5-dibromo-4-hydroxy (Sb), 2-chloro (5c), and 4-chloro (Se)
had only 41.2, 32.5, and 24.2% of cell viability, respectively,
ensuring that they had the highest cytotoxic effects, as shown
in Figure 8(A). The compounds without halogen substituents
such as biphenyl (5a) and 4-methoxy (5h) have shown the
least activity and moderate to less activity. Figure 8(B)
illustrates the ICs, value. This confirms that compounds such
as Sb, Sc, and Se cause 58.75, 67.48, and 75.75% of cell death,
which consist of 9.48, 12.16, and 6.43 um as ICg,
concentrations, respectively.

2.3.2. Colony Formation Assay. The current study sought
to determine whether the cytotoxic profiles of individual drugs
in MTT influenced the relevant changes in the biological
processes of the LN229 cells. As a result, LN229 cells were
exposed to 10 ym and a maximum of 25 um of metal (as
selected from the MTT assay) to compare the efficiency of
compounds Sb, 5S¢, and Se to limit the proliferation and colony
formation. The capacity of a single cell to form many colonies
is restricted by all of the screened compounds at 25 um, as
shown in Figure 9(A). Furthermore, Se has been shown to
have the greatest mobility restriction and cytotoxic inhibition;
this is followed by Sc and Sb, all three of which have significant
cell proliferation inhibition capabilities.
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Table 6. Occupancy of Hydrogen Bond between the
Residues of Amino Acid and the Ligand in the Binding
Pocket of VEGFR-2

ligand hydrogen-bond occupancy (%)
Se 1027 Arg (H11) -- Se (O) 85.9
1027 Arg (H11) - Se (O1) 11
816 His (H) - e (O) 04
sh 1046 Asp (H) - 5h (0) 11
1046 Asp (H) - 5h (N) 0.6
1026 His (HE2) -- Sh (O) 0.3

2.3.3. Tunel Assay. The TUNEL assay will aid in identifying
the apoptotic cellular fragmented DNA hydroxyl group for
further validation of the cytotoxic effects of the screened
compounds. To evaluate the molecular effectiveness of the
screened compounds, glioblastoma cell lines were exposed to

compounds Sb, Sc, and Se for roughly 48 h. DNA strand
breaks (DSBs), which are produced when nuclear DNA is
extensively fragmented, were found in the treatment groups by
using green (FITC)-labeled fluorochromes (Figure 10). Cells
from groups of positive controls were exposed to the DNase
enzyme, whose DNA frequently exhibits high levels of CFTC
expression. The DNA of the negative control, in contrast,
exhibits no fluorescence since it was untouched. In comparison
to the negative control, the relative FITC expression of the
screened compounds was examined. These findings demon-
strate the potential anticancer capabilities of the tested
compounds (Sb, 5c, and Se) at the molecular level.

3. CONCLUSIONS

With comparatively good yields, a new series of substituted
1,3-thiazolidinone compounds were synthesized. The synthe-
sized compounds Sa-h were the subject of in silico research. All
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Table 7. IC;, Values and the Percentage of Cell Death for All of the Newly Synthesized Molecules

1,3-thiazolidine-4-one derivatives Ar ICs value in uM % of cell death at 25 yuM % of cell viability at 25 yM
Sa biphenyl 18.12 27.50 72.49
Sb 3,5-dibromo-4-hydroxy phenyl 9.48 58.75 41.24
Sc 2-chlorophenyl 12.16 67.48 3251
Sd 3,4-dimethyl 12.94 41.91 58.08
Se 4-chlorophenyl 6.43 75.75 24.24
Sf m-NO, 10.53 54.02 45.92
Sg 2,6-dichlorophenyl 14.7 45.87 54.12
Sh 4-methoxyphenyl 16.4 37.56 62.43
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Figure 8. (A) Cell viability percentage and (B) Hill plot curve showing the ICs, for the 1,3-thiazolidine-4-one derivatives that were tested.

of the synthesized compounds had relatively lower binding
energies than the conventional medication Temozolomide,
according to in silico studies, and may be suitable as inhibitors
of Aurka and VEGFR-2 of glioblastoma. The bridging —NH
group of the synthesized derivatives, Sb, Sc, 5d, Se, and Sh
forms a hydrogen bond with Glu 260. The results from
docking were confirmed by the molecular dynamic simulation
of the highly active molecule with the enzymes, which also
demonstrated the stability of the protein—ligand complex
stability. According to simulation data, hydrogen-bond
interactions play an identical role in ligand stability at the
binding pocket. Most synthetic compounds follow Lipinski’s
rule of five, which is consistent with the predictions of the
ADMET model, which shows them as a good drug candidate
for therapeutic use. The docking outcomes were also
connected to biological research. The efficiency of the newly
synthesized 1,3-thiazolidin-4-one moiety as an AURKA and
VEGEFR-2 inhibitor was investigated in vitro. Therefore, the
potential for developing these 1,3-thiazolidinone derivatives as
effective anticancer drugs has been expanded as a result of our
investigation. Additionally, the trifluoroethoxy-group-contain-
ing synthetic compounds were further investigated for their in
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vitro cytotoxic effects on LN229 glioblastoma cell lines.
Likewise, among the newly synthesized derivatives, compounds
with the electron-withdrawing substituents 3,5-dibromo-4-
hydroxy (5b), 2-chlorophenyl (Sc), and 4-chlorophenyl (Se)
showed strong cytotoxic effects in the MTT experiment. This
was further supported by restricting the rate at which colonies
grow, as well as by triggering cellular death (tunnel assay) at a
concentration of 25 m.

Finally, the biological inquiry findings line up with the in
silico results, indicating that the synthesized molecules may be
effective at inhibiting glioblastoma’s Aurka and VEGFR-2. The
halogen-substituted 5b, Sc, and Se compounds have shown
excellent results. By causing cell death, the electron-with-
drawing 4-chloro-substituted hit compound Se became a
highly effective anticancer drug.

4. MATERIALS AND METHODS

4.1. Synthesis. Melting points were investigated by using
the open capillary technique; the outcomes were not corrected.
The IR spectra were generated by the KBr pellet technique and
recorded using a Bruker FTIR-4100 spectrophotometer. The
compounds were analyzed using a Joel (400 MHz) instrument
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Figure 9. Colony formation tests were used to calculate the relative rate of proliferation of the LN229 brain cancer cell line. (A) Typical
illustrations of the colony-forming assay. (B) Calculation of the LN229 cell colony formation rate. Results from three different experiments are
presented as the mean and standard deviation. ns, not significant *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 vs respective control group.
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Figure 10. Results of the TUNEL assay after 48 h of treatment. (A) Quantity of TUNEL-positive cells was noticeably increased in compounds Sb,
Sc, and Se compared to the negative control group (original magnification 20 ym). The use of DAPI staining served as a counterstain. (B)
Comparison of the relative quantification of 5b, Sc, and Se’s FITC (green) expression to the negative control. The report of the standard and mean
deviation of two identical experiments are represented (*P < 0.05, **P < 0.01, ***P < 0.001).

for '"H NMR using TMS as an internal standard. The units of
chemical shift readings are ppm or & units. The mass spectra
were recorded using an HRMS instrument (model name,
Waters-Xevo G2-XS-QToF). Silica-gel-coated aluminum
sheets (silica gel 60 F254), which were acquired from
Merck, were used to conduct thin-layer chromatography
(TLC) to track the development of the reaction. The
synthesized compounds were purified by using reagents and
solvents of commercial quality.

4.2. Procedure for the Synthesis of 2,5-Bis(2,2,2-
trifluoroethoxy) benzohydrazide(3). 2,5-Bis(2,2,2-
trifluoroethoxy)benzoic acid (20 g, 0.0628 mol) was dissolved
in methanol (60 mL), and the slow addition of thionyl chloride
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(14.27 g, 0.12 mol) was done at 0—5 °C. The mass was slowly
heated to 60—65 °C and maintained for 1 h to get 2,5-
bis(2,2,2-trifluoroethoxy)benzoester (2). To monitor the
reaction’s development, TLC was checked. The mass is then
distilled to eliminate unutilized thionyl chloride, then
neutralized with 5% sodium bicarbonate, and extracted using
ethyl acetate two times (40 mL each time). The product
containing an organic layer is concentrated below 50 °C under
vacuum to get the esterification product (Yield = 94%).
Further, 2,5-bis(2,2,2-trifluoroethoxy)benzoester (2) (15 g,
0.043 mol) and 85% hydrazine hydrate (5.3 g, 0.090 mol) were
dissolved in absolute alcohol (25 mL) and refluxed the clear
solution for 3 h. The reaction completion was examined using
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TLC. Then, the reaction mass was distilled off to eliminate
excess alcohol. The solid precipitated was filtered using a
Buchner funnel, rinsed with precooled ethanol, and vacuum-
dried at 55—65 °C (Yield is 94%).

4.3. General Process for Synthesizing Hydrazone 4a-
k. 2,5-Bis(2,2,2-trifluoroethoxy)benzohydrazide (3) (1 g,
0.00301 mol) and an appropriate aldehyde (0.0033 mol)
were mixed, and the combination was heated for 2 h at 70—75
°C in ethanol. Further reaction mass was slowly allowed to
attain a temperature of 25 + 5 °C and subsequently cooled to
0—S5 °C. The precipitated solid was filtered over the Buchner
funnel, washed using prechilled ethanol, and dried at 55—65
°C.

4.4. General Method for Synthesizing N-[2-(Phenyl)-
4-oxo0-1,3-thiazolidin-3-yl]-2,5-bis(2,2,2-
trifluoroethoxy)benzamide (5a-k). Thioglycolic acid (0.01
mol) and 4a-k (0.01 mol) were combined and refluxed in 1,4-
dioxane solvent for 7—8 h. The progress of the reaction was
tracked by TLC, and after that, the extra solvent was distilled
off at 55—65 °C under decreased pressure; the concentrated
residue was solubilized in ethyl acetate and then washed with
sodium hydrogen carbonate solution (5%). The clear organic
layer containing the product was collected and distilled to a
minimum volume to separate the solid. The resulting solid
product was separated by Buchner filtration and washed with
hexane, and hot ethanol recrystallization was done to produce
a pure product. The material was dried at 55—65 °C.

4.4.1. N-[2-(4-Biphenyl)-4-oxo-1,3-thiazolidin-3-yl]-2,5-
bis(2,2,2-trifluoroethoxy)benzamide (5a). White microcrys-
tals; mp 115—117 °C; IR (KBr) y/ecm™': 3398 (NH), 3069
(ArC—H), 2979 (C—H), 1672 (C=O0 of thiazolidinone),
1717 (C=0 NH), 1264 (C—0O-C); '"H NMR (CDCI,, 400
MHz): § 891 (s, 1H, NH), 7.61 (d, J = 3.3 Hz, 1H, Ar—H),
7.47—7.54 (m, 4H, biphenyl ring 1), 7.38 (dd, ] = 8.0 Hz, 4H,
biphenyl ring 2), 7.29 (t, ] = 7.3 Hz, 1H, biphenyl ring), 7.02
(dd, J = 9.1, 1H, Ar—H), 6.76 (d, ] = 9.0 Hz, 1H, Parent Ar—
H), 599 (s, 1H, CH of thiazole), 4.03—4.30 (m, 4H,
CH,CF;), 3.76 (dd, J = 48.9, 159 Hz, 2H, CH, of
thiazolidinone); *C NMR (CDCl;, 100 MHz): § 30.12
(CH, of thiazolidinone), § 62.73 (CH of thiazolidinone), &
65.75—67.28 (quartet, *Jcp= 35.9 Hz,CH,CF;), &
115.33,117.17,120.99 (Cy,,0,, of biphenyl), §121.11—123.87-
(quartet, 'Jcp= 264 Hz,CF,-coupling),
§127.78,127.67,127.31,127.04 (C,4¢1, of biphenyl), &
128.98,128.82,128.01 (C,,, of biphenyl), 5 135.86 (C; of
Ar), 8 140.20 (C, of Ar), 5142.57,(C, of Ar), § 150.27 (C, of
Ar), § 162.71,153.05 (C,5 of Ar), & 169.73 (C=O of
thiazolidinone), § 174.16 (C=O attached to NH); HRMS
(ESL, m/2):593.0974 [M + Nal*; caled for CygH,oF¢N,0,S:
570.5034; found 570.1077.

4.4.2. N-[2-(3,5-Dibromo-4-hydroxy phenyl)-4-oxo-1,3-
thiazolidin-3-yl]-2,5-bis(2,2,2-trifluoroethoxy)benzamide
(5b). White microcrystals; mp 172—173 °C; IR (KBr) y/cm™":
3396 (NH), 3062 (ArC—H), 3031 (C—H), 1673 (C=0 of
thiazolidine), 1720 (C=0 NH), 1285 (C—0-C); 'H NMR
(CDCl,, 400 MHz): § 8.85 (s, 1H, NH), 7.63 (d, 1H, Parent
Ar—H), 7.45 (s, 2H, of substituted Ar—H), 7.07 (dd, ] = 9.2,
3.3 Hz, 1H, Parent Ar—H), 6.79 (d, ] = 9.0 Hz, 1H, Parent
Ar—H), 6.03 (s, 1H, OH), 5.79 (s, 1H, CH of thiazolidinone),
4.19—4.36 (m, 4H, CH,CF,), 3.79 (d, ] = 16.1 Hz, 2H, CH, of
thiazolidinone); *C NMR (CDCl,, 100 MHz): § 30.01 (CH,
of thiazolidine), 5 61.64 (CH of thiazolidine), 5§ 66.17—67.13
(quartet, *Jcg = 36 Hz,CH,CF;),8 110.20,114.90 (C,¢ of side

chain Ar—H), & 121-124(quartet, ‘Joz = 276 Hz,CF,-
coupling), 6 121.66 (C, of side chain Ar), § 122.27 (C, of
Ar), 5 123.88 (Cg of Ar), 5 124.40(C, of Ar), § 131.61, 131.48
(Cys of Ar), 6 15023 (C, of side chain Ar—H), §
153.02,150.44 (Cs of side chain Ar—H), § 162.86 (C=0
of thiazolidine), § 169.35 (NH—C=0); HRMS (ESI, m/z):
690.8768 [M + Nal*; calcd for C,oH,,Br,FsN,O.S: 668.1989;
found 667.8868.

4.4.3. N-[2-(2-Chlorophenyl)-4-oxo-1,3-thiazolidin-3-yl]-
2,5-bis(2,2,2-trifluoroethoxy)benzamide (5c¢). White micro-
crystals; mp 102—104 °C; IR (KBr) y/cm™: 3391 (NH), 3250
(ArC—H), 2992 (C—H), 1666 (C=0 of thiazolidine), 1707
(C=0 NH), 1285 (C—0—C); 'H NMR (CDCl,, 400 MHz):
59.02 (s, 1H, NH), 7.71 (d, ] = 3.1 Hz, 1H, Parent Ar—H),
7.46 (dd, J = 7.5 Hz, 1H, Parent Ar—H), 7.29—7.39 (m, 3H,
3,5,6 of substituted Ar—H), 7.12 (dd, J = 9.0, 1H, Parent Ar—
H), 6.86 (d, ] = 9.0 Hz, 1H,4H of substituted Ar—H), 6.47 (s,
1H, CH of thiazolidinone), 4.32—4.44 (m, 4H, CH,CF;), 3.82
(t, ] = 162 Hz, 2H, CH, of thiazolidinone); *C NMR
(CDCl;, 100 MHz): § 29.64 (CH, of thiazolidine), § 59.59
(CH of thiazolidine), & 65.76—67.20. (quartet, *Jcz = 36
Hz,CH,CF;),6 115.02,117.25,120.85,121.18 (Cj,5¢ of side
chain Ar—H), § 121.64,122.16,123.95,124.40(quartet, Jcr =
276 Hz,CF;-coupling), 5 127.69 (C, of Ar), § 127.80 (C; of
Ar), 6 130.15 (C4 of Ar), § 130.29 (C, of side chain Ar), §
133.50 (C, of side chain Ar—H), § 135.16 (C; of Ar),
152.99,150.23 (C, 5 of Ar), § 162.75 (C=O of thiazolidine), &
169.79 (NH-C=0); HRMS (ESI, m/z): 551.0229 [M +
Na]*; caled for C,H,CIF¢N,0,S: 528.8525; found 528.0332.

4.4.4. N-[2-(3,4-Dimethyl phenyl)-4-oxo-1,3-thiazolidin-3-
yl]-2,5-bis(2,2,2-trifluoroethoxy)benzamide (5d). White mi-
crocrystals; mp 142—144 °C; IR (KBr) y/cm™: 3441 (NH),
3023 (ArC—H), 2979 (C—H), 1684 (C=O0 of thiazolidine),
1725 (C=0 NH), 1293(C-0-C); 'H NMR (CDC13, 400
MHz): 6 8.89 (s, 1H, NH), 7.68 (d,1H, Parent Ar—H), 7.46
(dd, J = 7.5 Hz, 1H, Parent Ar—H), 7.29—7.39 (m, 3H, 3,5,6
substituted Ar—H), 7.12 (dd, J = 9.0, 1H, Parent Ar—H), 6.86
(d, J = 9.0 Hz, 1H,4H substituted Ar—H), 5.95 (s, 1H, CH of
thiazolidinone), 4.21—4.38 (m, 4H, CH,CF,), 3.80 (t, ] = 15.9
Hz, 2H, CH, of thiazolidinone), 2.25 (d, J = 2.2 Hz, 6H, 2
CH;); *C NMR (CDCl;, 100 MHz): § 19.4,19.6 (2 CH;), §
30.1 (CH, of thiazolidine), § 62.78 (CH of thiazolidine), &
66.1—67.8. (quartet, 2Jcz = 36 Hz,CH,CF;), § 116.01,117.06
(Cs,4 of side chain Ar), § 121.47,122.12,125.08 (C, 54 of side
chain Ar), § 128.41 (quartet, 'Jcp = 332 Hz, CF;-coupling), &
137.70 (C; of side chain Ar), 5 134.36 (C, of Ar), § 130.17
(C; of Ar), 5 13835 (C, of Ar), 5§ 13436 (Cg of Ar), &
153.21,150.42 (C, 5 of Ar), § 162.63 (C=O of thiazolidine), &
169.66 (NH-C=0); HRMS (ESI, m/z): 545.0966 [M +
Nal*; calculated for C,,H,,F¢N,0,S: 522.4606; found
522.1069.

4.4.5. N-[2-(4-Chloro phenyl)-4-oxo-1,3-thiazolidin-3-yl]-
2,5-bis(2,2,2-trifluoroethoxy)benzamide (5e). White micro-
crystals; mp 111—113 °C; IR (KBr) y/cm™: 3402 (NH), 3072
(ArC—H), 2945 (C—H), 1683 (C=O0 of thiazolidine), 1726
(C=0NH), 1291 (C—0-C); 'H NMR (CDCl,, 400 MHz):
5 891 (s, 1H, NH), 7.69 (d, 1H, Parent Ar—H), 7.35 (s, 4H,
substituted Ar—H), 7.12 (dd, J = 9.0, 3.3 Hz, 1H, Parent Ar—
H), 6.85 (d, J = 9.2 Hz, 1H, Parent Ar—H), 5.98 (s, J = 1.2 Hz,
1H, CH of thiazolidinone), 4.17—4.40 (m, 4H, CH,CF;), 3.80
(ddd, J = 50.6, 15.9, 1.2 Hz, 2H, CH, of thiazolidinone); '*C
NMR (CDCl,, 100 MHz): § 30.04 (CH, of thiazolidine), &
62.35 (CH of thiazolidine), § 66.17—67.23. (quartet, >Jcp = 34
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Hz,CH,CF;), § 115.11,117.28,120.85,121.12 (C,356 of side
chain Ar), § 123.89, 122.17, 121.64 (quartet, 'Jz = 277 Hz,
CF;-coupling), 6 124411 (C, of Ar), & 129.08 (C; of Ar), &
130.15 (Cg4 of Ar), 5§ 129.26 (C, of side chain Ar), 5 135.48
(C, of Ar), 6 135.57 (C, of side chain Ar), § 153.06,150.24
(Cys of Ar), & 162.74(C=0 of thiazolidine), § 169.53 (NH—
C=0); HRMS (ESI, m/z): 551.0229 [M + Nal*; calcd for
CyoH,CIF(N,0,S: 528.8525; found 528.0332.

4.4.6. N-[2-(m-Nitrophenyl)-4-oxo-1,3-thiazolidin-3-yl]-
2,5-bis(2,2,2-trifluoroethoxy)benzamide (5f). White micro-
crystals; mp 127—129 °C; IR (KBr) y/cm™': 3398 (NH),
3091(ArC—H), 2995 (C—H), 1677 (C=0 of thiazolidine),
1721 (C=0 NH), 1291 (C—O—C); 'H NMR (CDCl,, 400
MHz): 6 8.94 (s, IHNH), 8.30 (t, J = 1.9 Hz, 1H, SH of
substituted Ar—H), 8.24 (dq, J = 82, 1.1 Hz, 1H, 3H of
substituted Ar—H), 7.79 (d, J = 7.7 Hz, 1H, Parent Ar—H),
7.70 (d, ] = 3.3 Hz, 1H, Parent Ar—H), 7.60 (t, ] = 7.9 Hz, 1H,
6H of substituted Ar—H), 7.14 (dd, J = 9.0, 3.3 Hz, 1H, 2H of
substituted Ar—H), 6.84 (d, ] = 9.2 Hz, 1H, Parent Ar—H),
6.08 (s, 1H, CH of thiazolidinone), 4.23—4.41 (m, 4H,
CH,CF,), 3.86 (ddd, ] = 39.4, 16.0, 1.3 Hz, 2H, CH, of
thiazolidinone); *C NMR (CDCl,;, 100 MHz): § 30.01 (CH,
of thiazolidine), § 62.20 (CH of thiazolidine), § 66.18—66.95
(quartet, *Jcg = 36 Hz,CH,CF,;), §
114.68,117.37,120.53,121.32 (C,;54 of side chain Ar), &
122.32(quartet, 'Jcp = 240 Hz,CF;-coupling), 5 122.93 (C, of
Ar), 5 130.17 (C; of Ar), § 124.46 (Cg4 of Ar), 5§ 133.72 (C, of
Ar), 5 139.69 (C, of Ar), 5§ 148.59 (C, of side chain Ar), §
153.02,150.17 (Cy5 of Ar), § 162.96 (C=O of thiazolidine), &
169.54 (NH-C=0); HRMS (ESI, m/z): 562.0502 [M +
Nal*; caled for C,H,FgN;O4S: 539.405S; found 539.0605.

4.4.7. N-[2-(2,6-Dichlorophenyl)-4-oxo-1,3-thiazolidin-3-
yll-2,5-bis(2,2,2-trifluoroethoxy)benzamide (5g). White mi-
crocrystals; mp 116—117 °C; IR (KBr) y/cm™': 3404 (NH),
3051 (ArC—H), 2986 (C—H), 1680 (C=0O of thiazolidine),
1718 (C=0 NH), 1266 (C—O—C); 'H NMR (CDCl,, 400
MHz): 6 9.08 (s, 1H,NH), 7.73 (d, 1H, Parent Ar—H), 7.12—
7.19 (m, 2H, substituted Ar—H), 7.00—7.09 (m, 1H,
substituted Ar—H), 6.87 (d, ] = 9.0 Hz, 1H, Parent Ar—H),
6.72 (s, 1H, Parent Ar—H), 4.33—4.48 (m, 4H, CH,CF,),
3.75—3.89 (m, 2H, CH, of thiazolidinone); '*C NMR (CDCl,,
100 MHz): § 29.65 (CH, of thiazolidine), § 59.31 (CH of
thiazolidine), & 66.17—67.25 (quartet, *Jcp = 36.4
Hz,CH,CF;), § 120.95 (quartet, 'Jcg = 270 Hz,CF;-coupling),
5122.95 (C, of side chain Ar), § 125.88 (C, of Ar), 6 130.71—
130.62 (Cy4 of side chain Ar), § 153.01,150.33 (Cy of Ar), 6
163.18(C=0 of thiazolidine), 5 168.74(NH—C=0); HRMS
(ESI, m/z): 569.0158 [M + Li—H]"; caled for
CyoH,,CLEN,O,S: 563.2975; found 563.0827.

4.4.8. N-[2-(4-Methoxyphenyl)-4-oxo-1,3-thiazolidin-3-yl]-
2,5-bis(2,2,2-trifluoroethoxy)benzamide (5h). White micro-
crystals; mp 106—108 °C; IR (KBr) y/cm™': 3400(NH),
3099(ArC—H), 3005 (C—H), 1666 (C=O0 of thiazolidine
ring), 1707 (C=0 NH), 1285 (C—O-C); '"H NMR (CDCl,,
400 MHz): 6 8.88 (s, 1H, NH), 7.69 (d, 1H, Parent Ar—H),
7.35 (s, 4H, substituted Ar—H), 7.12 (dd, J = 9.0, 3.3 Hz, 1H,
Parent Ar—H), 6.85 (d, J = 9.2 Hz, 1H, Parent Ar—H), 5.98 (s,
J = 1.2 Hz, 1H, CH of thiazolidinone), 4.17—4.40 (m, 4H,
CH,CF,), 3.80 (ddd, J = 50.6, 159, 1.2 Hz, 2H,CH, of
thiazolidinone); *C NMR (CDCl;, 100 MHz): § 30.18 (CH,
of thiazolidine), § 30.92 (OCH,),5 55.32 (CH of thiazolidine),
5 62.69—67.50 (quartet, Joz = 36 Hz,CH,CF;), &
114.40,115.67 (Cs of side chain Ar), § 117.09(quartet, 'Jcg

= 268 Hz,CF;-coupling), 6 115.67 (C, of Ar), § 121.22(C; of
Ar), 5 122.13 (C4 of Ar), 5 129.15 (C, of side chain Ar), §
128.56 (C, of Ar), § 160.56(C, of side chain Ar), 6§
153.12,150.34 (C,5 of Ar), 6 162.66(C=0 of thiazolidine),
5 169.57 (NH-C=0); HRMS (ESI, m/z): 525.0912 [M +
H]%; caled for Cp H,FeN,O,S: 524.4334; found $524.842.

4.5. Molecular Docking Studies. Molecular docking can
offer information about how the drug molecules and proteins
interact. The crystal structures of AURKA and VEGFR-2 were
retrieved from the RCSB Protein Data Bank. The 1,3-
thiazolidine-4-one derivatives were docked to the binding
sites of AURKA and VEGFR-2 proteins using AutoDock
Vina.*® AutoDock GUI* was used to prepare the protein
coordinate by eliminating water and cocrystallized ligands. The
three-dimensional (3D) structures of 1,3-thiazolidine-4-one
derivatives were optimized by B3LYP level 37 and 6-31G(d,p)
basis set'’ using the Gaussian 09 package. At the binding
pocket of the proteins, a 3D grid with a spacing of 0.375 A was
produced using Auto Grid. For the binding locations for
AURKA and VGEFR-2, the grid box dimensions were set to 70
A x64AX64Aand60AX64AX60A, respectively. In the
docking process, both proteins were regarded as rigid. The
confirmation of the 1,3-thiazolidine-4-one derivatives with the
lowest binding energy at the protein-binding site was
considered to be a favorable drug candidate. Moreover,
ADMET prediction was used for the synthesized compounds
to determine the safety, effectiveness, and bioavailability of the
therapeutic candidates using the SwissADME web tool.*!
Lipinski’s rule of five was employed to assess the compound’s
drug-likeness."”

4.6. Protocol for Molecular Dynamics Simulation.
Molecular dynamics simulation is a crucial tool for more
precise prediction of protein—drug interactions.*”** Based on
experimental findings and docking data, the most active (Se)
and moderately active (Sh) ligands from the chosen
synthesized compounds were used to explore the protein—
drug interactions. Dynamic simulation studies were executed
for AURKA/Se and AURKA/Sh protein complexes by
GROMACS 2018.4 software*® using the AMBER99SB-ILDN
force field*® and TIP3P water model.”” A periodic cubic box
was used to solvate the protein—ligand combination, with the
protein’s distance from the box boundary being 1 nm. To
utilize as little energy as possible, the steepest descent
technique was applied after Na* ions were used to neutralize
the system charge. At a time step of 2 fs, a 10 ns equilibration
of NVT (at 300 K) and NPT (at 300 K and 1 atm) was
performed. The short-range van der Waals cutoff was
established at 1.2 nm, and the long-range electrostatic
interactions were determined using the particle mesh Ewald
technique.*® The link containing hydrogen atoms was
restrained using LINCS constraints.”” The production run
was then extended by 100 ns, until the protein RMSD
converged. Further, using the same simulation protocol, the
complexes of the most active (Se) and moderately active (Sh)
ligands were studied to understand the ligand binding at the
VEGFR-2 binding site. Until convergence of the protein
RMSD, a 60 ns production run was carried out for both
complexes.

4.7. Cytotoxic Assay for Anticancer Studies. 4.7.1. Cell
Culture. Glioblastoma LN229 cells from humans were cultured
in DMEM high-glucose media (HiMedia, cat. no. AL007S)
supplemented with 10% heat-inactivated fetal bovine serum
(FBS) (HiMedia, cat. no. RM10432), and 1% antibacterial and
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Anti-Mycotic solution. Cells were kept at 37 °C with 5% CO,,
and growth media was replaced every 2 days. For cytotoxic
experiments, the cells were subcultured once they had reached
70—80% confluence.

4.7.2. MTT Assay. A cell density of 0.03 X 10° cells/well of
LN229 glioblastoma cells was used for the cytotoxicity assay.
Cells are treated with these derivatives, consisting of 8
compounds, at varying concentrations of S, 10, 15, 20, and
25 uM after the confluence of the cells has reached 70—80%.
The cell viability of LN229 was assessed using the MTT test
after 48 h of incubation at 37 °C in 5% CO,. In brief, to each
well, 0.5 mg/mL solution of MTT (3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyltetrazolium bromide) was added. After 4 h of
incubation, the MTT solution was withdrawn, and the purple
crystal formazan forms were dissolved by adding 300 uL of a
solubilizing buffer. At 570 nm, absorbance readings were
determined after shaking the plates. Three concurrent
experiments produced three findings, shown as mean =+
standard deviation.”"™>*

4.7.3. ICs, Concentration Estimation for Newly Synthe-
sized Compounds. After each treatment, the obtained
absorbance values were employed in regression analysis of
nonlinear type with the help of the GraphPad Prism software
to estimate the ICS0 values for each chemical (version 8.3.0).
To do the nonlinear regression analysis, the MTT experiment’s
triplicate absorbance results were extracted into the XY sheet,
where the values of X (concentration) were converted to
logarithms and the values of Y (absorbance) were normalized.

4.7.4. Colony Formation Assay. The colony formation
assay, also referred to as the clonogenic assay, is a test for in
vitro cell survival that relies on the ability of a cell to form a
colony. This experiment examined the capacity of cancer cells
to sustain reproductive integrity over a prolonged length of
time.”® Trypsinized LN229 cells were plated at a consistent
density of 50 cells per well on a 24-well plate. The change of
medium was done to 5% FBS media, and then the studied
compounds were added with minimum and maximum
concentrations of 10 and 25 uM (depending on the findings
of the MTT assay) and cultivated at 37 °C. The former
colonies were stained with 0.5% crystal violet after 15 days of
incubation, and the “Promega colony counter” web application
tool was used to manually count the colonies.”

4.7.5. Tunnel Assay. Utilizing the tunnel test, the chosen
samples from the MTT assay were assessed. With the use of
this technique, particular endonucleases that cleave genomic
DNA in the space between nucleosomes during apoptosis can
be identified. Utilizing the Elabscience one-step TUNEL test
kit, the selected molecules were examined for their capacity to
cause cell apoptosis (catalog no: E-CK-A320).

4.7.6. Statistical Analysis. One-way analysis of variance
(ANOVA) was used to evaluate all of the data, which were
examined using GraphPad Prism 8.3.0. (nonparametric or
mixed). Data from at least three separate experiments are given
as the mean and standard deviation (error bars). P < 0.05.
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