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Imines and a-aminophosphonates are privileged scaffolds in medicinal chemistry, known for
their diverse pharmacological profiles such as antitumor, antibacterial, and antiviral activities.
This study focuses on the synthesis and comprehensive characterization of a new thiazolidinone-
based imine, (E)-2-chloro-2-(((3-phenyl-2-thioxo-oxazolidin-4-yl)methylene) amino) acetate. The
compound was synthesized from glycidol-derived building blocks and characterized using IR and
NMR spectroscopy. A comprehensive density functional theory (DFT) analysis at the B3LYP-
GD3(BJ)/6-311G(d,p) level provided insights into its electronic structure, revealing a moderate
energy gap and identifying key electrophilic and nucleophilic sites using molecular electrostatic
potential (MEP) mapping. A molecular docking study was performed to qualitatively assess the
possible intermolecular interactions with the biological target, which allowed us to identify the
potential activity of the compound in the treatment of atherosclerosis.
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InTrerpoBane excnepumeHTaIbHE Ta OOYHCIIOBAJIBHE OCJIIJKE€HHS Tigpa3oHy
Tia30J/IIIMHOHY: MOOCIHIMKEeHHS PeaKI[iiHOl 3JaTHOCTi, JiKapchbKOol momiOHOCTI Ta
HOBEQIHKHM MOJIEKYJIAPHOro HOKiHTy. Anissa Zerhouni, Mourad Termoul, Zohra Douaa
Benyahlou, Ali Coruh, Abdelkader Chouaih, Benaouda Bestanil, Nouredine Benderdouche,
Narimane Kheddam, Joseph Kajima Mulengi

Iminu Ta a-aminodocoHaTH € IPUBLIEMOBAHUMY KapKacaMy B MEIWYHIN XIMil, BIIOMUMU
CBOIMHU PpISHOMAHITHAMHU (PAPMAKOJIOTIYHUMU IPOQIIIMHU, TAKUMU AK IIPOTUIYXJIMHHA,
aHTHOAKTeplajibHa Ta IIPOTUBIPYCHA aKTUBHICTB. lle mociiaKeHHs 30cepeqKeHo Ha CHUHTE31 Ta
OaraTorpaHHOMY IOCJIAKEHHI HOBOTO IMiHy Ha OCHOBI TiadosiguaoHy, (E)-2-xmop-2-(((3-denin-
2-TI0KCO-0KCa30I1quH-4-11)MeTrireH)amino)areraty. Croaykry 0yJio CHHTE30BaHO 3 Oy IiBEJIBHUX
0JI0KIB, OTPUMAHUX 3 TIIIIKI0JLY, Ta OXapaKTepu3oBaHo 3a gornomorow 19- ta AMP-cnexrpockorii.
Komrmnercauit anamnia reopii dpyurmionany rycruau (DFT) ua pisai BSLYP-GD3(BJ)/6-311G(d,p)
JI0O3BOJIUE 3PO3YyMITH MO0 E€JIEKTPOHHY CTPYKTYPY, BHUSIBUTH IIOMIPHY €HEPTeTUYHY IIIJINHY
Ta BU3HAYUTHU KJOYOBl €JeKTPOIIbHI Ta HYKJIeO(PIIbHI CAUTH 34 JIOIOMOIrOK KapTyBAHHS
MOJIEKYJIAPHOTO eJiekTpocraruynoro morenmiany (MEP). Bymo mnposemeno mocmimkeHHs
MOJIEKYJIAPHOTO JIOKIHTY JJI AKICHOI OINIHKKM MOKJIMBUX MIMKMOJIEKYJIIPHUX B3a€MOIIN
3 OlOJIOTIYHOI MINIEHHIO, IO IIIIKPECINJIO IOTEHITINHY AaKTUBHICTH CIIOJYKHA B JIKYBaHHI

aTepOCKJIEPO3y.

1. Introduction

The preparation of pure enantiomers is of
great interest to many industries, such as med-
icine, flavorings, perfume constituents, food ad-
ditives or pesticides [1]. The use of asymmetric
synthesis tools and concepts is commonly used
for the preparation of chiral molecules. Both
simple natural compounds and compounds with
a complex structure can act as biologically ac-
tive chiral compounds to be synthesized. They
may also be non-natural compounds identified
during biological analysis or optimization of
therapeutic activity. Asymmetric synthesis is
very suitable for the preparation of molecules
with simple structures such as those found in
a and B amino acids, monoterpenes, amines
or amino alcohols, etc. Asymmetric synthesis
will generally install one or two asymmetric
centers that in turn are chiral and govern the
introduction of additional asymmetric centers
[2]. The amine and alcohol functional groups
are present in a variety of molecules of biologi-
cal origin, and the combination of these two
functional units in 1,2-(8) or 1,3-(y) aminoalco-
hol type structures is often found in early life
molecules, secondary metabolites, or synthetic
molecules with various biological activities.
Amino alcohols thus occupy a primordial place
in the therapeutic arsenal available to treat a
wide variety of pathologies including bacterial
or viral infections, hypertension or even cancer
[2]. Recently, there has been increased interest
in the synthesis of imines with a wide range
of properties, including antibacterial activity,
HIV reverse transcriptase inhibitor, antide-
pressant, and anticancer effects [3-7]. The elec-
tronic structure and charge distribution within
these molecules play a crucial role in defining
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their reactivity and molecular interactions
with biological targets. Theoretical approaches
based on density functional theory (DFT) pro-
vide a reliable means to predict and interpret
these properties at the molecular level.

In this work, we first synthesized an asym-
metric imine, (E)-2-chloro-2-(((3-phenyl-2-2-
thioxo-oxazolidin-4-yl)methylene)amino)  ac-
etate compound (hereafter referred to as com-
pound 7), which is important in the develop-
ment of new enantiomerically pure substances
with high added value via the synthesis of cer-
tain aldehydes, amino alcohols and other asym-
metrical constituent elements from glycidol
[8, 9]. These synthons are precursors of chiral
imines, which can be very useful vectors for cer-
tain depot drugs, and secondly, we performed
molecular docking on the imine synthesized.
Furthermore, the title compound is investigat-
ed using DFT calculations. The analysis was
focused on determining its optimized molecu-
lar geometry, electronic structure, and molecu-
lar electrostatic potential (MEP) distribution.
These theoretical results aim to elucidate the
electronic factors influencing its chemical reac-
tivity and to highlight the molecular sites po-
tentially responsible for biological interactions,
which will be further explored through molecu-
lar docking analysis. In silico approaches have
become essential in modern drug development,
allowing the prediction of biological activities
and the assessment of drug-likeness prior to
experimental testing [10, 11]. In this context,
the online tool Prediction of Activity Spectra
for Substances (PASS) was used to predict the
possible pharmacological activities of the stud-
ied compound and to evaluate its therapeutic
potential. Furthermore, the molecular docking
study was performed to elucidate the molecular
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Fig 1. Steps of glycidol synthesis (4)

interactions and binding efficiency of the com-
pound toward target proteins associated with
atherosclerosis, thereby providing insights into
its potential mechanism of action. In addition,
the drug-like properties of the compound were
assessed using Lipinski’s rule of five, which
serves as a key guideline in evaluating its suit-
ability as an orally active drug candidate.

2. Experimental and theoretical
sections

2.1.Materials

All reagents and solvents were purchased
from Aldrich and used without further purifica-
tion unless otherwise stated. Glycerol, acetone,
petroleum ether, sulfonyl chloride, triethyl-
amine, dichloromethane, hydrochloric acid,
methanol, diethyl ether, sodium metal, phenyl-
thioisocyanate, triacetoxyperiodinane (TAPI),
triphenylphosphine, and the azidoester precur-
sor were of analytical grade.
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2.2. Instruments

'H-NMR spectra were recorded using
Brucker AC 200 (200 MHz), Brucker AM250
(250 MHz), and Hitachi Perkin-Elmer R600
(60 MHz) spectrometers. Chemical shifts were
measured relative to tetramethylsilane (TMS)
used as an internal reference. Infrared spectra
were recorded using a JASCO FT/IR-430 Fouri-
er Transform instrument with a TGS detector,
and optical rotations were measured with the
help of a Perkin-Elmer 241 polarimeter with a
quartz cell.

2.3. Synthesis

Preparation of acetonide (1)

Glycerol (1 equiv.) was reacted with acetone
in petroleum ether. Water was continuously
removed by azeotropic distillation. The crude
product was distilled under reduced pressure
(boiling point (bp) 175 °C/20 mmHg) to give
acetonide 1 as a colorless liquid.

Preparation of tosyloxy-glycerol acetonide

2

Functional Materials, 33, 2, 2026
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Fig 2. Preparation of 4-hydroxymethyl-3-phenyl-
2-thiooxazolidine (5)

Acetonide 1 was dissolved in dry CH,Cl, and
treated with sulfonyl chloride in the presence of
triethylamine under anhydrous conditions. The
organic phase was washed with 5% H,SO , solu-
tion, brine and water, dried, and concentrated
to give compound 2 as a viscous liquid.

Preparation of I1-tosyloxypropane-2,3-diol
(3)

Compound 2 was refluxed in acetone with
1 N HCI for 30 min. After solvent removal, the
residue was crystallized to yield diol 3 as a
white solid (melting point (mp) 58 °C).

Preparation of glycidol (4)

Diol 3 was dissolved in dry MeOH/Et,O
under argon and cooled. Sodium metal (3 por-
tions) was added over 1 h. After 90 min of stir-
ring, the solvent was evaporated, the residue
extracted with dry ether, filtered, washed with
CHCl;, and concentrated to give glycidol 4 as a
colorless oil. Figure 1 shows the different steps
leading to glycidol (4).

Preparation of 4-hydroxymethyl-3-phenyl-2-
thiooxazolidine (5)

Glycidol 4 (0.07 mol) was reacted with
phenylthioisocyanate (1 equiv.) in CH,Cl, at
35-45 °C in the presence of Et;N (1.8 equiv.)
and stirred for 20 h. The mixture was washed
with water, brine, dried, and evaporated to give
compound 5. The synthetic pathway leading to
compound 5 is illustrated in Figure 2, which
outlines the preparation of 4-hydroxymethyl-3-
phenyl-2-thiooxazolidine (5).

Oxidation to aldehyde (6)

Compound 5 was oxidized with triacetoxy-
periodinane (TAPI) in CH,Cl, at low temper-
ature. Reaction progress was monitored by
TLC. After quenching and work-up, aldehyde
6 was obtained as a pale solid. The synthetic
route leading to aldehyde 6 is illustrated in Fig-
ure 3.

Synthesis of (E)-2-chloro-2-(((3-phenyl-2-
thioxo-oxazolidin-4-yl)methylene)amino) ac-
etate (7)

Azidoester (26 mmol) and chloromethane
were cooled under nitrogen. Triphenylphos-
phine (26 mmol) was added in portions, and the
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Fig 4. Synthesis of (E)-2-chloro-2-(((3-phenyl-2-
2-thioxo-oxazolidin-4-yl) methylene )amino) ac-
etate.

mixture was stirred for 3—4 h. Aldehyde 6 (26
mmol) was added, and the reaction was allowed
to stir overnight. Triphenylphosphine oxide
was filtered off, and the filtrate concentrated.
The crude product was purified using cold hex-
ane/methyl acetate to give imine 7, stored un-
der N, at —20 °C. The final step of the synthetic
sequence is illustrated in Figure 4, which de-
picts the formation of (E)-2-chloro-2-(((3-phe-
nyl-2-thioxo-oxazolidin-4-yl)methylene)amino)
acetate (7).

2.4. Computational details

All theoretical calculations were performed
using the Gaussian 09 software package [12],
while molecular visualizations and orbital anal-
yses were carried out with GaussView [13]. The
molecular geometry of the studied compound
was optimized using the B3LYP hybrid func-
tional and the 6-311G(d,p) basis set combined
with the D3 empirical dispersion correction
with Becke-Johnson (BJ) damping, hereinafter
referred to as B3LYP-D3(BJ) [14]. The inclu-
sion of dispersion corrections is known to yield
more accurate molecular geometries, particu-
larly by accounting for medium- and long-range
electron correlation effects that are absent in
standard hybrid functionals. The 6-311G(d,p)
molecule, augmented with polarization func-
tions on all atoms, was selected on the basis of
its well-documented performance for small and
medium-sized organic molecules, for which it
has been shown to yield reliable equilibrium
geometries in good agreement with experimen-
tal data [15]. To further validate the quality of
the optimized geometry, the norm of the energy
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Fig 5. Steps followed to obtain the imine (7) starting from glycidol (4)

gradient was evaluated at the BSLYP-D3(BdJ)/6-
311G(d,p) optimized geometry. The RMS force
was found to be 3.707 x 10 a.u., well below
the standard convergence threshold of 3.00 X
10'4 a.u., confirming that the optimized struc-
ture corresponds to a well-converged stationary
point. From the optimized geometry, the fron-
tier molecular orbitals (HOMO and LUMO)
were calculated to estimate the energy gap (AE)
and related global chemical reactivity descrip-
tors (GCRDs), such as ionization potential,
electron affinity, electronegativity, chemical
potential, hardness, softness, and electrophi-
licity index. Additionally, to identify regions
of high electron density (nucleophilic sites)
and low electron density (electrophilic sites),
a molecular electrostatic potential (MEP) was
mapped onto the electron density surface of the
molecule, which provides insights into the reac-
tivity of the molecule towards biological macro-
molecules. Molecular docking studies were con-
ducted using Auto-dock vina program [16], and
the ligand-protein interactions were identified
and visualized using Discovery Studio Visual-
izer program [17]. Additionally, ADMET prop-
erties were predicted using the SwissADME
web tool [18].

3. Results and discussion

3.1. Chemistry
Synthetic strategy overview

The target molecule, a chiral imine de-
rived from a glycidol scaffold, was synthesized
through a seven-step linear sequence starting
from readily available glycerol as can be shown
in Figure 5. The approach emphasizes regiose-
lective transformations, stereochemical control,
and mild, non-toxic reaction conditions [19].
The sequence involved (i) selective protection of
glycerol, (i1) activation through tosylation, (iii)
deprotection and epoxide formation to give en-
antiopure glycidol, (iv) heterocycle formation,
(v) mild oxidation, and (vi) Staudinger/aza-Wit-
tig condensation to yield the final imine.

Formation of glycidol and its derivatives

Protection of glycerol as acetonide 1 ensured
selective functionalization of the terminal hy-
droxyl group. Tosylation to compound 2 pro-
ceeded smoothly, and acid-mediated deprotec-
tion led to the formation of diol 3, which served
as an excellent precursor for intramolecular
cyclization. Treatment with sodium methoxide
under inert atmosphere provided optically ac-
tive glycidol (4) with excellent yield and stereo-
chemical purity (enantiomeric excess of 99%).
Two acetonide methyl groups were visible at
1.31 ppm as a singlet with an optical rotation in
methanol of [-10.5°] as shown in Figure S1. The
peak at 3432 cm'! in the FTIR spectrum was
ascribed to the hydroxyl band (Figure S2). The
characteristic 1H-NMR signals in the range of
2.8-3.95 ppm confirmed the presence of the ep-
oxide ring. Figure 6 shows the 'H-NMR spec-

Table 1. Chemical shifts of the synthesized imine (7)

6 (ppm) Multiplicity H number Attribution
7.2-7.5 Multiplet 5 Aromatic protons (Ph)
3.6-3.9 Singulet 3 OCHj, (ester)
4.5-5.0 dd/m 1 CH(CD)

3.0-4.5 Multiplets 2-3 Protons ocfygleiazolidine
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Fig 7. 1H NMR spectrum of E)-2-chloro-2-(((3-phenyl-2-2-thioxo-oxazolidin-4-yl) methylene) amino) ac-

etate

trum of glycidol. The signal of the methylene
group of the ring was observed at 2.8 ppm, the
signal of the methine group was observed at
3.15 ppm, and finally, a broad singlet of hy-
droxyl appeared at 3.81 ppm. The identification
of the product 2 by NMR (Figure S3) showed
the characteristic signals of the tosyl group:
a singlet at 2.47 ppm corresponding to benzyl

Functional Materials, 33, 2, 2026

methyl, a signal between 3.64 and 4 ppm as-
sociated with five protons of product, as well as
two doublets of the aromatic ring at 7.36 and
7.83 ppm.

Formation of thiooxazolidine intermediate

Glycidol reacted regioselectively with phen-
ylthioisocyanate, yielding heterocycle 5. The
H-and 13C-NMR data were consistent with
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Table 2. Yield and chemical shifts obtained for compounds 1 to 7.

Compound Yield (%) IH-NMR (ppm)

13C-NMR (ppm) IR (cm™})

2.4(s,0H)

3.5(m,2H)
4(m,1H)

4.2(m,1H)

1 86

1.31 & 1.4( 1s, 6H)

3431(0H)
2981(C-H)
2885(CH,)
1157(C-O)

2.47 (s, 3H)
3.64 (m, 1H)

2 67.7 4(m, 2H)

7.36 & 7.83 (2dd, 4H)

2.42(s,3H)
3.9-4.68(m,5H)
4.03(s,large,1H)

7.3(d,2H)

7.75(d,2H)

2.8(m,large,2H)
3.15(m,1H)
3.55(m,1H)

3.81(s, 1H,0H)
3.95(m,1H)

3398(0H)
— 2931(C-H)
1041(C-0)

2.6(dd,2H)
3.85(dd,2H)
3.4(m,1H)
7.1-7,4(m,5H)

5 80.5

61 (C=S)
46(C-0)
10(C-OH) —
32(C-N)

121-124(Ph)

6 62 7.9(s, CHO)

7 70 Table 1

ring formation, showing typical signals for the
thioamide carbon (C=S at 61 ppm) and aromat-
ic protons. Oxidation using TAPI furnished al-
dehyde 6 in 62% yield with excellent chemose-
lectivity, preserving the heterocyclic core. Alde-
hyde (6), identified by NMR (Figure S4), was
obtained with a yield of 62%.

Imine formation and structural confirma-
tion

The final step consisted of reacting aldehyde
6 with the azidoester precursor through an in
situ Staudinger/aza-Wittig sequence, yielding
compound 7. As can be shown in Figure 7, the
IH-NMR spectrum of the product displayed the
expected diagnostic signals, including aromatic
protons in the 7.2—7.5 ppm region, resonances
corresponding to the imine/heterocyclic me-
thine environment between 3.0 and 5.0 ppm,
and a signal from the methyl group of the es-
ter appearing in the range of 3.6-3.9 ppm.
Together, these spectral features confirm the
successful formation of (E)-2-chloro-2-(((3-phe-
nyl-2-thioxo-oxazolidin-4-yl)methylene)amino)
acetate.

For clarity, Table 2 shows the yield and
chemical of all compounds used to synthesize
the imine.

This study showed the feasibility of prepar-
ing chiral imine from glycidol derivatives, as a
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Schiff base with interesting applications in the
biological field. The imine synthesized repre-
sents a series of chiral imines, which remain of
great importance in several fields and especial-
ly the medical field, since they do not require
the use of solvents or toxic reagents. Regarding
the yield and reaction time, the results obtained
in this study are very significant. To complete
the study, we performed a molecular docking
analysis to investigate the potential medical
properties of this imine. To complement the
synthesis findings, comprehensive theoretical
investigations, including molecular structure
optimization, frontier molecular orbital (FMO)
analysis, and molecular electrostatic potential
(MEP) mapping, were conducted to elucidate
the structure-activity relationship. In addition,
molecular docking simulations were performed
to explore the possible pharmacological poten-
tial of the studied imine compound.

3.2. Optimized molecular structure

The geometry of compound 7 was fully opti-
mized without any symmetry constraints at the
B3LYP-D3(BdJ)/6-311G(d,p) level of theory. The
optimized structure is illustrated in Figure 8.
The calculated bond lengths and bond angles
(Table 3) are consistent with expected values
for similar thiazolidinone derivatives, confirm-

Functional Materials, 33, 2, 2026
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Table 3. Bond length and bond angles for compound 7 obtained by DFT calculations.

Bond length (A) Value Bond angles (°) Value
C1-C2 1.348 C1-C2-N18 105.56
C1-06 1.360 C1-06-C4 109.35
C2-N18 1.409 C2-C1-06 109.85
C4-N18 1.372 C2-N18-C4 109.81
C4-06 1.380 N18-C4-06 105.53
C4-S5 1.642 N18-C4-S5 130.61

N18-C19 1.429 N18-C2-C16 124.12
C2-C16 1.449 06-C4-S5 123.85
C16—-N7 1.270 C1-C2-C16 130.41
N7-C30 1.405 C4-N18-C19 124.50
C30-Cl18 1.874 C2-N18-C19 125.75
C30-C9 1.536 C2-C16—N7 120.62
C9-010 1.201 C16—-N7-C30 124.08
C9-011 1.334 C18-C30-N7 117.12
011-C12 1.442 C18-C30-C9 106.07
C19-C20 1.392 N7-C30-C9 111.57
C19-C21 1.392 C30-C9-010 123.00
C20-C22 1.392 C30-C9-011 111.31
C21-C24 1.392 010-C9-011 125.68
C22-C26 1.393 C9-011-C12 115.62
C26-C24 1.393 Cp=Cyr,—Cy. 120.00

ing the reliability of the chosen theoretical level
[20]. The optimized geometry revealed a con-
jugated framework in which the oxazolidinone
and thioxo groups are connected through an
imine linkage, suggesting extended m-electron
delocalization throughout the molecule. This
structural feature is expected to influence both
the electronic properties and the biological re-
activity of the compound.

3.3. Frontier molecular orbitals (FMOs)
and global reactivity descriptors

The HOMO-LUMO energy levels play a key
role in describing the chemical reactivity and
kinetic stability of a molecule [21]. The frontier
molecular orbitals (FMOs), namely the HOMO
and LUMO, provide useful qualitative insight
into the electronic characteristics and the pos-
sible donor-acceptor behavior of the studied
molecule. Within the Kohn-Sham DFT frame-
work, however, the energies of virtual orbitals
should not be interpreted as rigorous physical
observables. In particular, the LUMO energy
cannot be strictly equated with the electron
affinity, since it is a variational parameter of
the Kohn-Sham equations and depends on the
convergence of the molecular orbitals. There-
fore, in the present work the LUMO energy is
considered only as a qualitative indicator of the
electron-accepting tendency of the molecule.

Functional Materials, 33, 2, 2026

Fig 8. Optimized molecular structure of com-
pound 7.

Likewise, the obtained HOMO-LUMO energy
gap should be interpreted mainly as a reflec-
tion of the stability of the converged single-
reference DFT solution, rather than as a de-
finitive description of the electronic structure.
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Fig 9. HOMO — LUMO plot for compound 7.

The HOMO represents the electron-donating
capability, while the LUMO indicates the elec-
tron-accepting ability. As represented in Fig-
ure 9 for compound 7, the calculated Eynyo.
E;umo» and energy gap (AE) were —6.04 eV,
-2.36 eV, and 3.68 eV, respectively. The rela-
tively moderate energy gap reflects a balanced
chemical stability and reactivity, suggesting
potential suitability for biological interactions.
The HOMO density is mainly distributed over
the donor chain region, especially along the
conjugated C—C, C=N, and C-H bonds, while
the LUMO density is localized on the oxygen
and sulfur atoms of the acceptor regions. This
spatial distribution indicates possible sites for
electrophilic and nucleophilic attacks.

Global reactivity descriptors calculated from
FMO energies (Table 4) provide additional in-
sights. Nevertheless, since these quantities are
derived from Kohn-Sham orbital energies, they
should be considered as qualitative and com-
parative approximations rather than rigorous
quantitative values. The molecule exhibits an
electronegativity (x) and chemical potential (j1)
of —4.20 eV, a hardness (n) of 1.84 eV, and an
electrophilicity index (w) of 4.79 eV. These val-
ues indicate a compound with moderate elec-
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tronic stability and a good tendency to interact
with biological receptors through charge trans-
fer mechanisms [22].

3.4. Molecular electrostatic potential

The molecular electrostatic potential (MEP)
surface was generated to visualize the elec-
tron density distribution and identify reactive
regions within the molecule (Figure S7). The
MEP was mapped onto the electron density
surface using an isovalue of 0.002 a.u. The elec-
trostatic potential ranged from —0.044 a.u. (red
region) to +0.044 a.u. (blue region), as indicated
by the color scale. The color gradient from blue
to red represents regions from electropositive
to electronegative potential, respectively [23].
The MEP map reveals distinct regions of nega-
tive electrostatic potential (red areas) distrib-
uted over several electron-rich centers of the
molecule. Specifically, the carbonyl oxygen
(C=0) of the thiazolidinone ring exhibits the
most pronounced negative potential, reflecting
its high electron density and its well-known ca-
pacity to act as a strong hydrogen bond accep-
tor. The nitrogen atoms of the hydrazone group
(C=N-NH) also display significant negative po-
tential, which allows them to be considered as
additional sites susceptible to electrophilic at-
tack and as potential hydrogen bond acceptors
in interactions with the target. Furthermore,
the sulfur atom of the thiazolidinone ring con-
tributes to the electronegative character of this
region, owing to its lone pair electrons, and may
participate in weak electrostatic interactions or
chalcogen bonding with appropriate residues of
the binding site. These electron-rich centers
constitute the preferred sites for electrophilic
attack and are the key points of ligand interac-
tion for the formation of hydrogen bonding and
electrostatic contacts with positively charged
residues or hydrogen bond donors in the ac-
tive site of the target compound. Conversely,
regions of positive electrostatic potential (blue
areas), concentrated over the N—H group and
the aromatic hydrogen atoms, identify the sites
susceptible to nucleophilic attack and likely
acting as hydrogen bond donors. These com-
plementary reactive sites, as revealed by the
MEP analysis, are consistent with the binding
interactions observed in the molecular docking
study, where the electron-rich atoms of the li-
gand interact with the electropositive residues
of the active center of target, thereby providing
a physicochemical rationale for the predicted
binding affinity and mode of interaction. The
MEP analysis thus serves as a meaningful

Functional Materials, 33, 2, 2026



A. Zerhouni et al. / Integrated experimental and computational study ...

Table 4. Energy values of the GCRD parameters for compound 7.

Parameter Formula Value (eV)
HOMO (eV) Exoumo (€V) -6.04
LUMO (eV) Erumo (€V) -2.36
Energy gap (eV) Erumo — Enomo 3.68
Ionization Potential (I) I=-Eqgomo 6.04
Electron Affinity (A) A=-Erumo 2.36
Chemical potential () p=-120+A) -4.20
Chemical hardness (1) n=121-A) 1.84
Chemical softness (S) S=1/2q 0.27
Electronegativity (x) x=121+A) 4.20
Electrophilicity index (w) w =p2/2n 4.79

bridge between the intrinsic electronic proper-
ties of the molecule and its intermolecular rec-
ognition behavior toward the biological target.

3.5. Molecular docking

In computational chemistry, molecular
docking is a speedy and efficient method used
to predict how a drug binds to its target pro-
tein. This method aids in analyzing critical fac-
tors such as the active site, orientation, loca-
tion, and binding strength of the drug-protein
combination [24, 25]. Before doing molecular
docking, we performed an adequate prediction
for the activity of the molecule under study us-
ing the web application PASS online [26]. This
allowed us to obtain a series of activity values
listed in Table 5 with two percentages: P,, rep-
resenting the probability that the molecule is
active, and P;, the probability that the molecule
is inert. The investigated compound is effective
in treating atherosclerosis, with a P, of approx-
imately 0.72. Atherosclerosis is a pathologi-
cal condition characterized by the progressive
hardening and narrowing of arteries resulting
from the accumulation of lipid-rich deposits
known as plaques. This process restricts blood
flow to various regions of the body, depending
on the arteries affected. Effective treatment of
atherosclerosis i1s crucial, especially when the
disease affects the coronary arteries, leading
to impaired blood supply to the heart, a con-
dition known as coronary artery disease [27,
28]. The protein associated with this disease
was identified in the Protein Data Bank (PDB)
under the code 7R8U, which is equivalent to
LOX-1 - Structural and Functional Studies of
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Fig 10. Different locations of the ligand in the
three active sites that make up the protein

a Receptor Implicated in Atherosclerosis [29].
LOX-1, or Lectin-like Oxidized Low-Density
Lipoprotein Receptor-1, is a protein that is es-
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Table 5. Result of activity prediction using PASSonline

Pa Pi Activity
0.717 0.005 Atherosclerosis treatment
0.697 0.004 Heart failure treatment
0.717 0.040 Acrocylindropepsin inhibitor
0.717 0.040 Saccharopepsin inhibitor
0.717 0.040 Chymosin inhibitor
0.649 0.100 Phobic disorders treatment
0.609 0.066 Polyporopepsin inhibitor
0.624 0.105 Gluconate 2-dehydrogenase (acceptor) inhibitor
0.571 0.058 Fusarinine-C ornithinesterase inhibitor
0.552 0.080 Glycosylphosphatidylinositol phospholipase D inhibitor

Table 6. Binding scores (kcal/mol) and inhibition constant (uM) for the 3 complexes formed between the

ligand under study and the various active sites

Complex Box size Binding scores Inhibition
(Kcal/mol) constant (uM)
Active site 1 — ligand x=42 , y=-29 , z=-12 -5.7 66.35
Active site 2 — ligand x=36, y=-9, z=11 -6.6 14.53
Active site 3 — ligand x=14,y=-2, z=-10 -5.6 78.55

sential for the development of atherosclerosis
and cardiovascular health. The primary char-
acteristic of LOX-1 is its capacity to bind to
oxidized LDL particles, which are a modified
form of LDL cholesterol [30, 31]. Consequently,
LOX-1 inhibitors or blockers have the potential
to reduce this binding and thereby slow down,
or even prevent atherosclerosis. The protein
7TR8U possesses three active sites, as indicated
in Table 6. In this study, we will dock the test
compound with these three active sites to ascer-
tain the most optimal site for ligand binding. In
addition, we will evaluate the stability of the
complex formed as a result of ligand binding to
each of the active sites of the protein, measured
by the affinity energy (Figure 10).

To ensure maximum simulation efficiency,
the ligand was pre-optimized using the Gauss-
ian program to attain a stable shape with mini-
mal energy. Although the studied thiazolidi-
none hydrazone possesses rotatable bonds
that may give rise to multiple conformers, the
present docking calculations were performed
using the most stable geometry obtained from
B3LYP-D3(BJ)/6-311G(d,p) optimization. This
choice is supported by previous computational
studies on structurally related compounds,
which demonstrated that the lowest-energy
conformer dominates the binding interactions
with target and that the inclusion of higher-en-
ergy conformers does not substantially modify
the predicted binding poses or affinities [32,
33]. Next, Discovery Studio was implemented
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to prepare the receptor (protein). The AutoDock
Vina program was subsequently employed to
conduct molecular docking simulations, which
were used to ascertain the binding energy be-
tween the protein and the various ligand posi-
tions. A negative binding energy indicates the
most probable binding of the ligand to the re-
ceptor. The inhibition constant (K;) was deter-
mined by utilizing the follpé)ving equation:

K. =e®"

1

where AG denotes the binding energy, R is the
gas constant (1.9872036x103 kcal/mol), and
T is the ambient temperature (298.15 K) [34].
The drug derived from the molecule is more ef-
fective with a lower inhibition constant.

The combined analysis of the MEP map and
the docking results reveals a correspondence be-
tween the electrostatic regions of the ligand and
the interactions observed with LOX-1 residues.
Electron-rich regions (red/orange on the MEP)
correspond to oxygen and sulfur atoms, which
form conventional hydrogen bonds with resi-
dues SER67 and SER69, thereby contributing
to the stabilization of the complex. Neutral or
slightly electrophilic regions (green/blue on the
MEP) interact with hydrophobic residues such
as PRO201, LEU258, and ALA260 through m-al-
kyl interactions, while certain slightly positive
regions participate in carbon—hydrogen bonds,
such as interactions with residues SER65 and
SER69. This correlation between the MEP and
docking results helps to explain the stability of

Functional Materials, 33, 2, 2026



A. Zerhouni et al. / Integrated experimental and computational study ...

" ALA
SER B:260
D:74
PRO

3.46 2.00
(b) / 4.55 8201

- Convenlionsl HyGrogen Bond

D Carbon Hydrogen Bond

.

SER
D:69

LEU
B:258

Fig 11. (a) 3D detailed binding mode of the compound with optimal configuration in the catalytic active
site of target protein LOX-1 [PDB ID: 7R8U], (b) 2D receptor-ligand interaction diagram between the

ligands with the protein (7R8U).

the complex and identifies key ligand binding
sites involved in LOX-1 recognition.

Based on the data in Table 6, it is evident
that the ligand and active site 2 form the most
stable complex, with a binding score of -6.6
kcal/mol and an inhibition constant of 14.53
uM. Based on our findings, we may deduce that
the studied molecule is capable of successfully
inhibiting the activity of the protein by binding
to its active center 2. The 2D and 3D images il-
lustrate the unique connections that contribute
to the formation and strength of the complex,
highlighting the presence of four hydrogen
bonds, shown in green (Figure 11).

To provide a meaningful reference frame for
the predicted binding affinity of compound 7 in
the absence of experimental inhibition data,
the best docking score (6.6 kcal/mol, active
site 2, K; = 14.53 uM) was compared with those
of known LOX inhibitors reported in the recent
literature. Geronikaki et al. reported thiazolid-
inone derivatives exhibiting dual COX/LOX in-
hibitory activity, with docking scores in a com-
parable energy range, supporting the relevance
of the thiazolidinone scaffold for LOX targeting
[35]. Similarly, Eleftheriou et al. described 2-
benzo/benzisothiazolimino-5-aryliden-4-thia-
zolidinones as COX/LOX inhibitors with fa-
vorable binding affinities toward lipoxygenase
active sites [36]. Bennamane et al. reported N-
substituted pyrazolo-oxazin-2-thiones as COX-
LOX inhibitors with docking scores consistent
with significant enzyme inhibition [37]. More
recently, Nawaz et al. conducted molecular
docking and MD simulation studies of 4-phe-
nyl-5-p-tolyloxymethyl-4H-1,2,4-triazole thio-
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ethers as 15-lipoxygenase inhibitors, reporting
binding energies in the range of —5.5 to —7.2
kecal/mol for the most active compounds [38].
The binding score obtained for compound 7
(-6.6 kcal/mol) falls within this range, suggest-
ing a comparable predicted affinity toward the
LOX-1 active site and supporting its potential
as a LOX-1 inhibitor, pending experimental
validation.

3.6. Drug compatibility examination

To assess the effectiveness of the proposed
molecules as a drug for inhibiting the LOX-1
receptor and treating atherosclerosis, various
parameters were calculated using the bind-
ing energy and inhibition constant obtained
from the molecular docking study conducted
in Auto-Dock Vina. This was done to enhance
the previously predicted biological activity. The
initial equation computes the ligand efficiency
(LE), where a value below 0.350 indicates the
molecule as being lead-like. The second equa-
tion provides the LE_Scaled value, which is
a size-independent comparison of ligands. A
LE_Scaled score below 0.4 indicates that the
proposed compounds can inhibit the katG en-
zyme. The third equation was utilized to com-
pute the goodness of fit (FQ), which is the ratio
of LE to LE_Scaled. A high FQ value, near to 1,
indicates a strong binding to the receiver. One
final crucial factor is lipophilicity, which is de-
termined by the ligand lipophilicity efficiency
(LELP) and must exceed a value of 3. A high
value of LELP implies that the molecules have
a strong affinity for lipophilicity [39]. The re-
sults of the calculation for the compound title
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Table 7. Quality assessment indicators for the investigated compound including the inhibitory constant
(Ki), adjustment quality (FQ), ligand efficacy (LE), LE_scale, and LE-dependent lipophilicity (LELP).

Molecule | NHA | LogP | Ki (uM) | LE (kc‘;lﬁ)nn‘g’ heavy | yp Scale | FQ | LELP
Ligand 20 2.28 14.53 0.33 0.46 0.72 6.91
Table 8. Physicochemical parameters for the title compound.

Descriptor |TPSA2 (A2)| MLogP® | NHD¢ | NHAY | NRB¢ | MW! (g/mol) Lipinski’s
violation
Compound 7 83.22 0.95 0 4 5 312.77 0
Preferred <500 <5 <5 <10 <10 <500 <1

aTopological polar surface area, P calculated lipophilicity, ¢ Number of hydrogen bond donors, 4 Number
of hydrogen bond acceptors, ¢ Number of rotatable bonds, { Molecular weight.

of the previous parameters are summarized in
Table 7, which indicates that the molecule un-
der study exhibits promising inhibitory activity
against the LOX-1 receptor. This is because the
molecule studied is of the “lead-like” type, has
a strong affinity for the receptor, and has an
optimized affinity for lipophilicity.

LE = —;Iﬁi 1)
LE_, =0.873xe *®N™ 0064 (2
LE
FQ= (3)
LEscale
LELP = ligE D (4)

Once the efficacy and pharmacological ac-
tivity of the molecule studied had been estab-
lished, we investigated its potential as an orally
administered drug in humans using Lipinski’s
rule of five [40]. Drug design employs this rule
to 1dentify molecules that possess favorable ab-
sorption, distribution, metabolism, and excre-
tion (ADME) characteristics that are essential
for a drug to be effective in the body. In sum-
mary, these five regulations may be expressed
as follows: to achieve effective oral bioavail-
ability, the molecular weight must not exceed
500 Da, the number of hydrogen bond donors
must be less than 5, the number of hydrogen
bond acceptors must be less than 10, and the
number of rotatory bonds must be less than 10.
Additionally, LogP must be less than 5. These
characteristics may be acquired through the
utilization of the online molecular properties
calculator, Molinspiration [41], or Swiss ADME
[42]. Table 8 summarizes the results obtained
for the molecule studied, in which the Lipinski
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conditions were compared to determine that
the studied molecule complied with the Lipin-
ski ruling. Consequently, this molecule seems
to be an exceptional candidate for oral medica-
tion.

In the investigation of drug transport prop-
erties, such as intestinal absorption (HIA) [43]
and blood-brain barrier (BBB) penetration [44],
polar surface area (PSA) attribute is often used.
It represents the sum of the molecular surface
contributions (typically van der Waals) of polar
elements, including oxygen and nitrogen, and
their associated hydrogen atoms. The Swiss
ADME server’'s BOILED-Egg model was em-
ployed to investigate the human intestinal ab-
sorption (HIA) and blood-brain barrier (BBB)
of the molecule under study. This was accom-
plished by analyzing the TPSA in conjunction
with the LogP calculated using the Wildman-
Crippen method (WLog P) [42]. A molecule
that is present in the yellow region (egg yolk)
of the BOILED-Egg model can be interpreted
as suggesting a high level of BBB penetration.
Conversely, a molecule of the white region
(albumin) has a high HIA penetration. In the
BOILED-Egg model, neither the white nor the
yellow regions are mutually exclusive. The in-
vestigated molecule was identified in the albu-
min region (Figure 12), which indicated that
this molecule had efficient intestinal absorption
(HIA) and was unable to cross the blood-brain
barriers. The permeability glycoprotein (PGP)
is an additional parameter that the BOILED-
Egg model can predict. The model can forecast
non-substrates (PGP-) and substrates (PGP+).
The blue circles (PGP+) belong to the molecules
that are expected to be cleared from the central
nervous system by P-glycoprotein. Molecular
structures predicted to have a different struc-
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Fig 12. The BOILED-EGG model used to de-
scribe the title compound.
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ture are indicated by red circles (PGP-). Thus,
the model presented in Figure 12 indicates that
the compound investigated belongs to the PGP-
category, which means that the P-glycoprotein
is unable to remove it from the central nervous
system. The previous evaluations of the phar-
macokinetic and physicochemical parameters
strongly indicate that the suggested compound
has considerable potential to display drug-like
properties [45].

4. Conclusion

In this study, the chiral imine (E)-2-chloro-
2-(((3-phenyl-2-thioxo-oxazolidin-4-yl)methyle
ne)amino)acetate was successfully synthesized
from asymmetric glycidol and its derivatives,
which serve as valuable intermediates for the
preparation of diverse amino alcohols. As a
Schiff base, the obtained compound represents a
versatile precursor for the development of struc-
turally and pharmacologically significant mol-
ecules. The structural elucidation by 1H-NMR
spectroscopy confirmed the expected chemical
environments of the synthesized product, while
polarimetric analysis indicated a high optical
purity with an enantiomeric excess of 96%. The
synthesis also achieved a satisfactory yield of
60-70%. Furthermore, DFT calculations at the
B3LYP-GD3(BdJ)/6-311G(d,p) level provided a
comprehensive understanding of the geometry
and electronic structure of the molecule. The
optimized configuration revealed the presence
of conjugated systems that favor charge delocal-
ization, whereas the FMO and global reactivity
analyses indicated a moderate HOMO-LUMO
energy gap (3.68 eV) and distinct donor-accep-
tor regions, reflecting potential chemical reac-
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tivity toward biological targets. The MEP map
further delineated electrophilic (the O, S, and
Cl atoms) and nucleophilic (hydrogen atoms)
sites, providing insights into possible regions
of molecular recognition. Finally, molecular
docking simulations demonstrated promising
biological affinities, suggesting potential thera-
peutic relevance, particularly in the treatment
of atherosclerosis. Collectively, these findings
underscore the structural versatility and elec-
tronic properties of the compound, laying the
groundwork for further pharmacological and
biochemical investigations aimed at validating
its medicinal potential.
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