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ABSTRACT

In the present study, a series of thiazolidin-4-one derivatives were
designed as analogues of combretastatin A4 (CA4); a known an-

docking ti-tubulin agent. The molecular structures incorporate either a
3,4,5-trisubstituted phenyl ring or a 3-alkoxy-4-methoxyphenyl ring,
with the two aromatic systems connected via an amide linkage and
a thiazolidin-4-one scaffold. Structural variation was introduced
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ring. All compounds, along with CA4 as the reference molecule, were
subjected to molecular docking studies targeting the tubulin (3-2B
chain (Protein Data Bank code: 8QEA). The docking results revealed
that the newly synthesized molecules exhibit binding affinities and
inhibition constant (K) values comparable to those of CA4. These
findings suggest that the designed thiazolidin-4-one derivatives war-
rant further experimental investigation for their potential as anti-tu-
bulin (i.e., anti-cancer) agents.
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1. Introduction

Chemotherapeutic agents remain
among the most effective strategies
for cancer treatment. Several an-
ti-cancer compounds exert their ef-
fects through distinct mechanisms,
including interaction with structur-

al proteins such as tubulin; a key
component in the mitotic process.
Tubulin polymerizes to form mi-
crotubules, which are essential for
cell division'? Accordingly, the in-
hibition of tubulin polymerization
by specific molecules can induce
apoptosis and arrest the cell cycle
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Figure 1. (A): General structure of the designed compounds 1-10. (B): The best pose of compound 9 at the com-
bretastatin A4 binding site, in 3D. (C): The best pose of compound 9 at the combretastatin A4 binding site, in 2D.

at the G2/M phase, thereby suppressing cancer cell
proliferation*.

Taxol and Vinca alkaloids are well-known in-
hibitors of tubulin polymerization; however,
their clinical utility is limited by adverse effects
and the emergence of drug resistance®. Combret-
astatin A4 (CA4), a natural compound, is recog-
nized as a potent tubulin inhibitor. Its structure
comprises a 3,4,5-trimethoxyphenyl ring and a
3-hydroxy-4-methoxyphenyl ring connected via
a cis-configured double bond (C=C), which facil-
itates an interaction with the B-tubulin subunit
at the colchicine-binding site, thereby inhibit-
ing tubulin polymerization®. This mechanism not
only disrupts microtubule formation, but also se-
lectively inhibits angiogenesis by obstructing tu-
mor-associated blood supply.

Moreover, CA4 and its analogues exhibit prom-
ising activity against multidrug-resistant cancer
phenotypes. Nonetheless, the compound’s thera-
peutic potential is hindered by the isomerization
of its active cis-isomer to the biologically inactive
trans-isomer’. Consequently, there is growing in-
terest in the development of structurally related
molecules that retain the pharmacophoric fea-
tures of CA4 while offering enhanced stability, po-
tency, and selectivity.

Molecular docking is a widely employed compu-
tational technique for evaluating the interaction of
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designed compounds with biological targets. In the
present study, we report a series of 1,3-thiazoli-
din-4-one derivatives as structural analogues of CA4,
and investigate their binding interactions with the
CA4 site on the tubulin 3-2B chain using molecular
docking simulations.

2. Methodology

The three-dimensional structure of the tubulin (-2B
chain (PDB code: 8QEA) was retrieved from the Pro-
tein Data Bank in PDB format. Ligands, water mole-
cules, and chains A and C were removed by using the
BIOVIA Discovery Studio Visualizer. Polar hydrogen
atoms and Kollman charges were added by using
AutoDock Tools. Docking parameters were set as fol-
lows: exhaustiveness: 50; grid box center coordinates
(x,y,2): 11.39,-16.58, and 17.42; grid box dimensions
(x,y,2): 16.22,18.72, and 18.18, respectively.

Density Functional Theory (DFT) calculations
were performed by using the ORCA 5.0.3 software
package®. Ligands were fully optimized by using the
BP86 functional in conjunction with the def2-TZVP
basis set for all atoms, and the auxiliary basis set of
Weigend (def2/])*.

3. Results and Discussion

A series of thiazolidin-4-one derivatives were de-
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signed as structural mimics of CA4. Each mole-
cule features either a 3,4,5-trimethoxyphenyl or a
3-alkoxy-4-methoxyphenyl ring, connected via an
amide group and a 1,3-thiazolidin-4-one scaffold.

Molecular docking simulations were conducted
for ligands 1-10 against the CA4 (cis) binding site
of the tubulin B-2B chain (PDB code: 8QEA). The
calculated binding affinities (in kcal/mol) for the
ligands 1-10 were -7.3, -7.2, -7.2, -7.3, -7.6, -7.7,
-7.1,-7.9, -8.2, and -7.6, respectively. For CA4, the
binding affinity was -7.4 kcal/mol. These results
indicate that all designed compounds exhibit fa-
vourable binding interactions comparable to CA4.

Ligand 9 demonstrated the most favourable
binding pose, with a binding affinity of -8.2 kcal/
mol (Figure 1). Its interaction with the target pro-
tein (8QEA) involved two hydrogen bonds: ASN,_,
with the sulfur atom (2.69 A) and LYS,,, with the
oxygen atom (2.49 A). Additionally, two carbon-
hydrogen interactions were observed: ASN,_, with
the methoxy group’s carbon atom (3.77 A) and
VAL, , with another methoxy carbon (3.55 A).

The inhibition constant (K) values were calcu-
lated using the equation K.=exp(AG/RT), yielding
the following results (in puM) for ligands 1-10:
4.457, 5.276, 5.276, 4.457, 2.686, 2.269, 6.247,
1.619, 0.976, and 2.686, respectively. Ligand 9 ex-
hibited the lowest K value, thereby indicating the
highest predicted efficacy.
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4. Conclusion

A series of 1,3-thiazolidin-4-one derivatives were
developed as structural analogues of CA4 and were
evaluated through molecular docking against the
CA4 (cis) binding site of the tubulin (3-2B chain (PDB
code: 8QEA). All compounds demonstrated favoura-
ble binding affinities and inhibition constants, with li-
gand 9 (featuring a cyclohexanecarbonyl substituent)
exhibiting the most potent interaction profile. These
findings support the potential of these compounds for
further experimental validation as anti-cancer agents.
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