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ARTICLE INFO ABSTRACT

Keyword:
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In this study, a series of bis amide thiazolidine derivatives (Q1-Q6) were synthesized and their anticancer activity
was evaluated against prostate (PC3) and breast (MCF7) cancer cells and normal cells line activity was evaluated
against breast (MCF10), prostate (PNT1A) and living human cells (HUVEC) cancer cells. The thiazolidine rings

were built from penicillamine and aromatic aldehydes (A1-A6), then converted to acetyl thiazolidines (B1-B6)
using acetic anhydride, and finally linked with phenylene diamine to form the final compounds (Q1-Q6).
Notably, compounds Q1 and Q3 displayed the highest activity against PC3, with IC50 values of 81 and 89 pg/ml,
respectively. Docking simulations were performed for Q1, Q4, and Q5 against protein structures related to cancer
(2FVD and 1SJ0). Additionally, DFT calculations were used to determine various molecular properties like
HOMO/LUMO energies, band gap, and other descriptors, providing insights into the compounds’ stability and

reactivity.

Introduction

Cancer is a complex and fatal disease that affects a large number of
organs in the body and spreads rapidly. This is the most harmful and
common characteristic of all cancer diseases. Therefore, it represents a
serious challenge to human health and well-being. Among the most
common and harmful cancers are breast cancer and prostate cancer.
Therefore, there is an urgent and necessarily need to discover and
develop therapeutic organic compounds, develop medicines, and in-
crease their effectiveness to get rid of the disease or stop its spread [1,2].
Chemistry contains a lot of wonderful and useful compounds in practical
and scientific life, which are used to treat diseases and stop their spread,
among those compounds, heterocyclic were considered first step of life
begins in disease treatment [3,4]. Among those heterocyclic compounds
of great importance, Thiazolidine has been described, which is a pen-
tacyclic containing sulfur nitrogen in its composition, resulting from the
condensation of carbonyl compounds with cysteine for its ability to

* Corresponding authors.

release cysteine, and the biological activity properties of some
substituted thiazolidine carboxylic acids have been studied and
proven2- alkyl and aryl [5,6].

Thiazolidine derivatives have wide applications in medicinal and
clinical chemistry, being effective as anticancer, anti-inflammatory [7],
antioxidant, antimicrobial, anti-fungi, anti-HIV, and other important
biological activities [8,9]. Thiazolidine-4-carboxylic acid is a conden-
sation product of D-penicillamine or L-cysteine with formaldehyde [10].
It is an effective nitrile-restricting agent in the human body and may
inhibit the endogenous formation of carcinogenic N-nitroso compounds
[11]. Penicillamine has two types (D-penicillamine and L-penicillamine)
with a carboxylic acid group which is biologically effective [12], which
is similar in structure to the compound Alpha Cysteine, but with the two
hydrogen atoms replaced by the m-CH2 group of the acid the amino L-
cysteine. Among the two similar substances, L-penicillamine is toxic
because it inhibits the action of pyridoxine, also known as vitamin B6
(22) [13]. Penicillamines were used as an anti-rheumatic drug, given to
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adults and children with rheumatoid arthritis, slowing it down and
sometimes stopping the progression of the disease [14,15]. It is also used
as a metal binder in cases of metal poisoning, and its goal is to remove
lead, mercury, copper, or arsenic from the body. Penicillamine binds to
these minerals and forms a chemical compound that the body can get rid
of by excretion [16]. It has been demonstrated that density functional
theory (DFT) is a workable approach for reasonably priced, highly ac-
curate molecular property determination. Molecular docking is to use
computational techniques to predict the structure of the ligand-receptor
complex and led to drug discovery [17-19]. Finally, DFT, molecular
docking and other computational studies of cyclic compounds including
thiazolidine have been used to demonstrate the vast progress in under-
standing molecules as pharmaceutical compounds. Therefore, DFT has
been widely used as a measure of the electronic structure, stability and
interactions of these cyclic molecules [20,21], which gives a wonderful
idea of the biological activity of these compounds and their potential use
as drugs, the studies indicate the possibility of using different levels of
DFT, such as B3LYP/6-311Gand B3LYP/6-311++G, to analyze different
electronic properties as well as HOMO, LUMO and DG energies, elec-
tronegativity, ionization sites and other different factors, as well as
knowing the electrostatic sites of MEPs binding and understanding re-
ceptor interactions [21-23]. Therefore, this technique provides a clear
understanding of the chemical interaction, electronic and inductive
properties of different thiazolidine derivatives and provides a clear
study of target proteins and their biological activity [23-25]. New
studies have also indicated the importance of molecular docking in the
discovery of pharmaceutical compounds and determining similarity
with other pharmaceutical compounds. For example, a study indicated
the use of pkCSM and ADME and the drug movement of heterocyclic
compounds [26-28]. Another study showed the use of thiazolidine de-
rivatives as inhibitors of VEGFr using molecular docking and proving
their effectiveness on living cells. Another study on the use of sulfon-
amide compounds containing heterocyclic compounds by molecular
docking and DFT gave effectiveness in the biological factor, as well as
the use of some dyes containing heterocyclic rings as pharmaceutical
compounds. Therefore, this technology has made it possible to quickly
screen and prepare heterocyclic compounds, including thiazolidine,
improve biological activity, increase their effectiveness, and reduce the
time in drug discovery. [29-33]. In this study, we will show and describe
the synthesis, characterization and biological activity against cancer
cells of some bis thiazolidine-4-carboxylic amide derivatives resulting
from the reaction of D-penicillamine with benzaldehyde derivatives and
the study of computational chemistry represented by molecular docking
and DFT.

Materials and methods
Materials

Characterization of synthesized compounds included melting point
determination, FTIR spectroscopy, and 'H/!*C NMR analysis using a
Bruker-400 MHz spectrometer with DMSO-ds and TMS as reference.
Chemical shifts were reported relative to the solvent or decomposing
peaks (8: H,3.3and2.5 ppm),and coupling constants were expressed in
Hz. The abbreviations for a signs used are as follows: s;(single), d;
(double), t; (triple), m; (multiple) and dd; (double doubling).). Addi-
tionally, mass spectra were acquired using an Agilent 5975 quadrupole
analyzer with EI technology (70 eV) to identify the molecular ions.

General method for preparing thiazolidine derivatives [ A1, A2,A3, A4, A5,
A6 ]

1.49 g (10 mmole) of D- penicillamine with (10mmole) of aromatic
aldehyde derivatives in the presence ethyl alcohol (20 ml) and water
(100 ml) in flask (250 ml) with continuous magnetic shaking at r. t for 8
h where a precipitate was observed. The result was filtered, and
recrystallized with a mix of water and ethyl alcohol at a ratio of (3:1),
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Fig. 1. Diastereoisomer of thiazolidine.

and the reaction was followed up by using (TLC) thin layer chroma-
tography using a solvent of (Ethanol: Chloroform) at a ratio of (1:9).
Thiazolidine cycle (Fig. 1) has two kinds of diastereomers, they are
difficult separated trans-(2S,4R) and cis-(2R,4R) because the presence of
two atoms chiral, the isomers percentages (trans/ cis) were powerfully
dependent on solvent [34-36].

General method for preparation of 3-Actyl thiazolidine derivatives [B1, B2,
B3, B4, B5, B6]

The 10 mmole of Al to A6 compounds were dissolved in solution of
(6 %)sodium carbonate (Na2CO3) (55 ml) in a 250 ml of flask, then the
solution was cooled in 0° C an ice bath to and then (1.02 ml) was added
to a mixture of acetic anhydride in drops over 5 min. The reaction was
left on the magnetic stirrer for one h, after stopping a reaction the mix
was acidified using a (10 %) hydrochloric acid and a brine solution
(NaCl) was added to it for the purpose of equivalence, and the reaction
was extracted by ethyl acetate (2 x 50 ml). The extracted organic layer
was washed with water and dried using Anhydrous magnesium sulfate
(Na2S0O4) and the solvent was evaporated after that, it results a solid.
The crystallization was done by a mixture of methanol with water in a
ratio of (3:1) The reaction was followed up by using TLCtechnique using
Solvent (ethyl acetate: Hexane) in a ratio of (7:3). [37,38].

3-Acetyl-2-(4-chlorophenyl)-5,5-dimethylthiazolidine-4-carboxylic acid
(B1). Compound (B1): White, m.p: 203-205 °C, Yield: 80 %. FT-IR
(KBr): 3419 m (OH), 3080w (C-HAr), 2920w (C-Halph.), 1737 s (C =
0). 'HNMR (400 MHz, DMSO-dg, 8 ppm); show the two isomers (dia-
stereoisomer). Trans (2S, 4R) major and Cis (2R,4R) minor (ratio 83:17).
Major: 61.29 s, 1.57 s (6H, 2CH3), 61.75 s (3H, CH3), §4.51 s (1H, H4),
86.42 s (1H, H2), §7.42-7.77d (4H, J = 8 Hz, H-Ar), §13.02 s(1H, OH).
Minor: §1.31 s, 1.58 s (6H, 2CH3), §2.03 s (3H, CH3), §4.69 s (1H, H4),
86.16 s (1H, H2), 512.99 s (1H, OH).

3-Acetyl-5,5-dimethyl-2-phenylthiazolidine-4-carboxylic acid (B2). Com-
pound (B2): White, m.p:220-218 °C,Yield: 74 %. FT-IR(KBr): 3431 m
(OH), 3020w (C-HAr), 2964w (C-Halph.), 1734 s (C = O). 'HNMR (400
MHz, DMSO-de, 8 ppm); shown two isomers. Trans (2S, 4R) major and
Cis (2R,4R) minor (ratio 93:7). Major: 61.28 s, 1.57 s (6H, 2CH3), 61.74 s
(3H, CH3), 564.51 s (1H, H4), §6.41 s (1H, H2), 67.2-7.7.7d, t (5H, J =8
Hz, H-Ar), §12.93 s (1H, OH). Minor: §1.32s, 1.56 s (6H, 2CH3), §2.01 s
(3H, CH3), 64.68 s (1H, H4), §6.2 s (1H, H2), §12.93 s (1H, OH).

3-Acetyl-5,5-dimethyl-2-(3-nitrophenyl)  thiazolidine-4-carboxylic  acid
(B3). Compound (B3): Yellow, m.p: 230-232 °C,Yield: 65 %,. FT-IR
(KBr): 3448 m (OH), 3061w (C-HAr), 2954w (C-Halph.), 1739 s (C =
0) and 1336, 1508 (NO2). THNMR (400 MHz, DMSO-dg, 6 ppm): show
two isomers. Trans (2S, 4R) major and Cis (2R,4R) minor (ratio 70: 30).
Major: 61.26 s, 1.58 s (6H,2CH3), §1.77 s (3H, CH3), 64.55 s (1H, H4),
§6.62 s (1H, H2), §7.4-7. 8.2d, t, s (4H, J = 8 Hz, H-Ar), §13.05 s (1H,
OH). Minor: §1.34 s, 1.61 s (6H, 2CH3), §2.02 s (3H, CH3), 54.74 s (1H,
H4), §6.36 s (1H, H2), §13.05 s (1H, OH).

3-Acetyl-5,5-dimethyl-2-(3-nitrophenyl)  thiazolidine-4-carboxylic  acid
(B4). Compound (B4): White, m.p:224-227 °C,Yield: 83 %. FT-IR(KBr):
3446 m (OH), 3020w (C-HAr), 2964w (C-Halph.), 1734 s (C = O).
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Fig. 2. Synthesis Diastereoisomer of bis amide thiazolidine derivatives.

'HNMR (400 MHz, DMSO-dg, 8 ppm): demonstration two isomers. Trans
(2S, 4R) major and Cis (2R,4R) minor (ratio 83: 17). Major: §1.4 s (CH3-
Ar), 1.24 s, 1.55 s (6H, 2CH3), §1.75 s (3H, CH3), 64.51 s (1H, H4),
86.52 s (1H, H2), §7.3-7.7d (4H, J = 8 Hz, H-Ar), §13.1 s (1H, OH).
Minor: §1.35 s, 1.61 s (6H, 2CH3), 62.00 s (3H, CH3), §4.74 s (1H, H4),
86.16 s (1H, H2), §13.1 s (1H, OH).

3-Acetyl-2-(4-methoxyphenyl)-5, 5-dimethylthiazolidine-4-carboxylic acid
(B5). Compound (B5): Yellowish White, m.p:209-212 °C, Yield: 88 %.
FT-IR(KBr): 3400 m (OH), 3028w (C-HAr), 2924w (C-Halph.), 1734 s (C
= 0)and 1197 (C-0). THNMR (400 MHz, DMSO-dg, & ppm): shown two
diastomer. Trans (2S, 4R) major and Cis (2R,4R) minor (ratio 96: 4).
Major: —81.27 s, 1.52 s (6H, 2CH3), §1.74 s (3H, CH3), 3.77(0CH3)
§4.39 s (1H, H4), 66.24 s (1H, H2), §6. 7-8.1.2d (4H, J = 8 Hz, H-Ar),
612.85 s (1H, OH). Minor: §1.3 s, 1.54 s (6H, 2CH3), 62s (3H, CH3), 3.78
s (OCH3), 64.33 s (1H, H4), 56.25 s (1H, H2), 5§12.85 s (1H, OH).

3-acetyl-5,5-dimethyl-2-(4-nitrophenyl)  thiazolidine-4-carboxylic  acid
(B6). Compound (B6): Yellow, m.p:224 dec, Yield: 88 %. °C. FT-IR
(KBr): 3450 m (OH), 3080w (C-HAr), 2918w (C-Halph), 1730 s (C =
0) and 1330, 1517 (NO2). THNMR (400 MHz, DMSO-dg, 8 ppm): show
two diastomers. Trans (2S, 4R) major and Cis (2R,4R) minor (ratio 85:
15). Major: 61.26 s, 1.57 s (6H, 2CH3), 61.73 s (3H, CH3), 64.51 s (1H,
H4), §6.44 s (1H, H2), §7.3-7.88 d (4H, J = 8 Hz, H-Ar), §12.93 s (1H,
OH). Minor: 61.33 s, 1.53 s (6H, 2CH3), 61.99 s (3H, CH3), 64.67 s (1H,
H4), 56.18 s (1H, H2), §12.93 s (1H, OH).

General synthesis of di amide thiazolidine compounds [ Q1, Q2, Q3, Q4,
Q5, and Q6]

Mix 4 mmole of [B1-6] compounds with 0.82 g (4 mmole) of N,N-
dicyclohexyl carbodiimide (DCC) and 0.54 g(HOBt) (4mmole) of 1-
Hydroxybenzotriazole and (20 ml) of Dichloromethane as a solvent in
acircular flask (100 ml) and left the solution with continuous magnetic
at 0 Cfor (10) min., until the rection became clear, then (2 mmole) of a p-
phenylene diamine was added to the reaction and left under continuous
magnetic stirrer for (24) h at r. t, after which the formation of a pre-
cipitate was observed, and then the reaction was filtered to get rid of a
precipitate, which is dicyclohexylurea (DCU). The filtrate solution was
diluted with (20 ml) Dichloromethane. The mix was washed succes-
sively with a solution (5 %) Sodium bicarbonate, then with (10 %)citric
acid, then with a solution sodiumchloride and finally with water. The
reaction was dried by adding Anhydrous magnesium sulfate, then
filtered and evaporated to make a precipitate recrystallized by a mixture
of ethyl alcohol and water (1:1) The chemical reactor was carried out
using (TLC) using a solvent (Formic acid, benzene, tetrahydrofuran) at a
ratio of (2:6:2) [39,40].

N,N’-(1,4-phenylen) bis(3-acetyl-2-(4-chlorophenyl)-5,5-dimethylthia
zolidine-4-carboxamide) (Q1). Compound (Q1) was described above:
Yellow Crystals, m.p:187-188°C, Yield: 28 %. FT-IR(KBr):3327w (NH),
1737 s, 1658 m (C = O amide), 1627 m (NH bending). IHNMR spectra
(400 MHz, DMSO-dg,5 ppm); show the two isomers (Di stereoisomer)
(Fig. 2). Trans (2S, 4R) major and Cis (2R,4R) minor(ratio 70:30).Major:

61.44 s, 1.62 s (6H, 2CH3), 1.7 s (3H, CH3), 64.74 s (1H,H4), 56.38 s
(1H, H2),87.33d, 7.6d (8H,J = 8, H-Ar), 7.93d (4H, J = 8, H-Ar phe-
nylene),510.55 s (1H, NH).Minor:51.47 s, 1.52 s(6H, 2CH3), §2.1 s (3H,
CH3),54.61 s (1H,H4),66.31 s (1H,H2), §10.44 s (1H, NH).!3CNMR
spectrum (100 MHz, DMSO-dg, & ppm); §-23.06 (CH3), 31.23 (2CH3),
52.3(C5), 65.2 (C4), 72.12(C2),127.9,128.3,128.9, 132, 141.2, 150.85
(C-Ar), 168.32, 169.95 (C = O amide). Mass spectrum (EI, 70 ev); m/
2:699(M 1), Fragment: 43, 270, 374 and 91 peas peak.

N, N’-(1,4-phenylene) bis(3-acetyl-5,5-dimethyl-2-phenylthiazolidine-4-
carboxamide) (Q2). Compound (Q2) is described: Yellow Crystals, m.
p: 191-193 °C, Yield: 32 %. FT-IR(KBr): 3265w(NH), 1697 m, 1635 m
(C = O amide), 1591 m (NH bending). 'HNMR spectrum (400 MHz,
DMSO-dg, 5ppm); shown the two isomers (Di stereoisomer). Trans (2S,
4R) major and Cis (2R,4R) minor (ratio80:20). Major:51.47 s, 1.66 s (6H,
2CH3), 51.79 s (3H, CH3),54.75 s (1H, H4),56.4 s (1H, H2), 57.4d, 7.52
t,7.6d (10H,J = 8,4Hz, H-Ar),7.99d (4H, J = 8, H-Ar phenylene),510.59
s (1H, NH).Minor:51.4 s, 1.61 s (6H,2CH3), §2.1 s (3H, CH3), 54.61 s
(1H, H4),66.12 s (1H, H2), §10.56 s (1H, NH).13CNMR spectra (100
MHz,DMSO-de,5ppm); §-25.1 (CH3), 31.4, 33.15 (2CH3), 52.5(C5),
64.6 (C4),72.1 (C2),127.4,127.97,128.1,128.87,130.28, 131.7, 41.38
(C-Ar), 165.7, 168.3 (2C = O amide). Mass spectra (EL, 70 ev); m/2z:630
(M'"), Fragment: 43, 207, 77, 285 and 109 peas peak.

N, N’-(1,4-phenylene) bis(3-acetyl-5,5-dimethyl-2-(3-nitrophenyl) thiazo-
lidine-4-carboxamide) (Q3). Compound (Q3) has described Beige Crys-
tals, m.p: 210-212 °C,Yield: 35 %. FT-IR(KBr): 3388 m(NH), 1710 m,
1662 m (C = O amide), 1600 m (NH bending). THNMR spectrum (400
MHz, DMSO-dg, 5ppm); show the two isomers (Di stereoisomer). Trans
(2S, 4R) major and Cis (2R,4R) minor (ratio 55:45).Major:51.47 s, 1.68 s
(6H, 2CH3), 62.13 s (3H, CH3),64.55 s (1H, H4),66.26 s (1H, H2), §7.5d,
7.57 t, 8.12 s(8H, J = 8, H-Ar),7.93d (4H, J = 8, H-Ar phenyl-
ene),510.58 s (1H, NH).Minoer:51.4 s, 1.74 s (6H,2CH3),51.83 s(3H,
CH3),64.78 s(1H,H4),56.59 s(1H,H2),5610.45 s(1H,NH).13CNMRspectra
(100 MHz,DMSO-dg,5ppm);5-22.4 (CH3), 30.44 (2CH3), 51(C5), 64.9
(C4), 73.3(C2),121, 125.97, 127, 127.9, 128.4, 128.4, 128.7, 141.2,
150.2 (C-Ar). Mass spectrum (EIL, 70 ev); m/z:720(M' 1), Fragment: 43,
121, 153, and 270 peas peak.

N, N’-(1,4-phenylene) bis(3-acetyl-5,5-dimethyl-2-p-tolylthiazolidine-4-
carboxamide) (Q4). Compound (Q4) was described: Yellow, m.p:187-
190°C, Yield: 25 %. FT-IR(KBr): 3186w (NH),1715 s,1658 m (C = O
amide), 1614 m (NH bending). THNMR spectrum (400 MHz, DMSO-dg,
ppm);Trans (2S, 4R) major and Cis (2R,4R) minor (ratio 65:35). Major:
§1.29 s (6H, CH3-Ar), 1.47 s, 1.61 s(6H, 2CH3), 51.72 s (3H, CH3), 54.76
s (1H, H4), 66.38 s (1H, H2), §7.35d, 7.46d (8H, J = 8, H-Ar), 7.93d(4H,
J =8, H-Ar phenylene), §10.39 s (1H, NH). Minor: §1.25 s (6H, CH3-Ar),
1.325,1.69 s (6H, 2CH3),52.1 s (3H, CH3), 54. 36 s (1H, H4), §6.12 (1H,
H2), §10.39 s (1H, NH).!3CNMR spectra (100 MHz,DMSO-ds, Sppm);
5-14.45 (CH3-Ar), 25.1 (CH3), 31.43, 33.1 (2CH3), 52.5 (C5), 64.6 (C4),
72.03 (C2),127.4,127.9,128.1, 128.9, 130.2, 131.7, 141.4, 155 (C-Ar),
165.76, 168.3 (C = O amide). Mass spectra(EL, 70 ev); m/z: 658(M ™),
Fragment: 43, 109, 163, 316 and 276 peas peak.
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N, N’-(1,4-phenylene) bis(3-acetyl-2-(4-methoxyphenyl)-5,5-
dimethylthiazolidine-4-carboxamide) (Q5). Compound (Q5) is described
above: Yellow Crystal, m.p:179-181°C, Yield: 20 %. FT-IR(KBr):3170w
(NH), 1701 s (C = O amide), 1606 m (NH bending), 1222(C-O).
HNMR spectrum (400 MHz,DMSO-ds, & ppm); shown the two iso-
mers. Trans (2S, 4R) major and Cis (2R,4R) minor (ratio 90:10).Major:
51.42's, 1.59 s (6H, 2CH3), 51.72 s (3H, CH3),53.75 s (OCH3),54.62 s
(1H, H4),66.56 s (1H, H2),57.46d, 7.6d, 8.33d (8H,J = 8, H-Ar),7.93d
(4H, J = 8, H-Ar phenylene),510.55 s (1H, NH).Minor:51.25,1.53 s (6H,
2CH3), §2.1 s (3H, CH3), 3.79 s (OCH3), 54.78 s (1H, H4),56.38 s (1H,
H2), §10.45 s (1H,NH).'*CNMR spectra (100 MHz, DMSO-dg, Sppm);
§-23 (CH3), 31.2 (2CH3), 52.3(C5),62.7 (OCH3), 65.3 (C4), 72.1 (C2),
127.98, 128.3, 128.7, 132.2, 132.9, 141.6, 156.7 (C-Ar), 168.3, 169.9
(C = 0). Mass spectrum (EI, 70 ev); m/z: 690(M™), Fragment: 43,
89,135, 302 and 428 peas peak.

N, N’-(1,4-phenylene) bis(3-acetyl-5,5-dimethyl-2-(4-nitrophenyl) thiazo-
lidine-4-carboxamide) (Q6). Compound (Q6) was described: Orange
Crystals, m.p:199-201 dec. °C, Yield: 35 %. FT-IR(KBr): 3327w (NH),
1735 s (C = O amide), 1627 m (NH bending), 1350, 1560 m
(NO2).'HNMR spectra: (400 MHz, DMSO-dg, & ppm); shown the two
isomers. Trans (2S, 4R) major and Cis (2R,4R) minor (ratio70:30).
Major: 61.45 s, 1.59 s (6H, 2CH3), 61.7 s (3H, CH3),64.75 s (1H, H4),
§6.4 s (1H, H2), 67.42d,7.78d, 8.79d (8H,J = 8, H-Ar), 7.88d (4H, J = 8,
H-Ar phenylene),510.89 s (1H, NH).Minor:51.38 s, 1.61 s (6H, 2CH3),
62.08 s (3H, CH3),64.62 s (1H, H4),66.12 s (1H, H2), 5§10.44 s (1H,
NH).'3CNMR spectrum (100 MHz,DMSO-de,5ppm); 5-23.06 (CH3), 31.2
(2CH3), 52.3(C5), 65.3 (C4), 72.1 (C2), 127.9, 128.3,128.7,
132.2,132.9, 141.6, 149.6 (C-Ar). Mass spectrum (EL, 70 ev): m/z: 720
(M'T), Fragment: 43,134,332, 458 and 270 peas peak.

MTT assay study

The synthesis compounds(Q1-Q6) studied the orientation of two
types of cancer cells, (PC3, MCF7) and.

two types of normal cells (MCF10, HUVEC and PNT1A) Acytotoxic
effect of the prepared compound was evaluated against the following
(cell lines) human cancer. All obtained from PC3 (human prostate can-
cer) and MCF7(human breast cancer) were bought from National Cells
Banks in Iran (Pasteur Institute). The PC3 and MCF7 Cells were full-
grown in (RPMI-1640) and medium with 10 % FBS(Gibco) com-
plemented with antibiotics [100U/ml penicillin and 100 pg /ml strep-
tomycin]. The Cell was maintained at 37 °C under air humidified
contain (5 %) CO2 and was passaged using trypsin /EDTA (Gibco) and
PBS solution (phosphate-buffered saline). Cell growth and cell viability
were counted using an MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyl-tetrazolium Bromide] (Sigma-Aldrich) assay in brief, the cell
was digested by trypsin, adjusted to the density of (1.4 x 10% cells/well)
and planted to 96 well plate filled with (200 pl) fresh intermediate per
well for (24 h). The cells that formed a monolayer were treated with
600-6.5 pg /ml of the compounds (Q1-Q6) for 24 h at 37 °C in CO2 at the
end of the treatment (24 h). In contrast, the monolayer cultures were left
untouched in a novel plate, the supernatant was detached, and 100 ul/
well of MTT solutions (0.5 mg/ ml in PBS) were added. The plates were
incubated at (37 °C) for an additional (4 h). MTT solutions (the super-
natant of cells was detached, and dimethyl sulfoxide was added (100 pl
per well). The Cell was incubated on a shaker at (37 °C) until the crystal
was dissolved. The Cell viability was quantified by measuring absor-
bance at (570 nm) by an ELISA reader (Model wave xs2, BioTek/ USA).
The concentration of compounds that caused (50 %) cell death IC50
were determined from the respective dose-response curve [41,42].
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Table 1
The physical properties of prepared compounds.

Comp. Molecular formula M. Color Time/ m.p(°C) Yield
wt h (%)
8/
mol
Q1 C34H36N404S52C12 699 yellow 24 187-188 28
Q2 C34H38N404S2 630 yellow 24 191-193 32
Q3 C34H36N608S2 720 Beige 21 210-212 35
Q4 C36H42N40452 658 yellow 24 187-190 25
Q5 C36H42N40252 690 yellow 24 179-181 20
Q6 C34H36N608S2 720 Orang 24 201-199 35

2 Isolated pure derivative.
Result and Discussion
Synthesis of compound

The study involved the synthesis of Bis thiazolidine amide
derivatives(Q1-Q6) in three steps and from simple and available com-
mercial materials Table 1. Firstly, the D-penicillamine reacts with
benzaldehyde derivatives to form the ring thiazolidine-4-carboxylic acid
(A1-A6) and yield well [34]. The thiazolidine ring product has a mixture
of diastereomers, the C2 — (2R, 4R) —Cis and C2- (2S, 4R) Trans, which
cannot be separated. An equilibrium due to desiccation occurs at C (2)
between the two diastereomers. The (Cis/ Trans) ratio strongly depen-
ded on the nature of the solvent used; the dominant isomer in the
DMSO-dg solvent was the Trans diastereomer. In CDCI3, the main iso-
mer was the Cis isomer after complete equilibration. Second, the com-
pounds (A1-A6) were reacted with acetic anhydride to the synthesis of 3-
acetyl-5,5-dimethyl-2-Aryl thiazolidine-4-carboxylic acid (B1-B6)
[35,36]. Finally, the synthesis bis amide thiazolidine derivatives as
shown in diagrams (3.1) from the condensation of phenylenediamine
with acetyl thiazolidine derivatives (B1-B6) in a ratio of (1:2) and the
presence of DCC (N, N-dicyclohexyl carbodiamide) and HOBt (1-hy-
droxy benzotriazole) as catalysts. scheme 1.

This converts the inactive carboxyl group to the active ester group
and gives the least isomer as a coupling reagent to give the corre-
sponding amides. DCC is a low-cost coupling reagent compared to other
reagents, but it has a major problem: the DCU is poorly soluble in most
solvents and often difficult to remove altogether from the product. While
the urea of Ethyl dimethyl aminopropyl carbodiimide (EDC) is soluble in
acetic acid and Di-isopropyl urea is soluble in organic solvents, the two
reagents outweigh the DCC by much price. The prepared amide thia-
zolidine derivatives showed medium yield products [36], as shown in
the preparation mechanics of scheme 2:

The prepared compound was identified by FT-IR spectroscopy. The
spectra of the compounds [Q1-Q6] were characterized by the appear-
ance of a weak band at the range of 3100-3350 em~! due to the (NH)
amid groups and the disappearance of the (OH) carboxylic acid band.
We used proton nuclear magnetic resonance spectroscopy (*HNMR) to
confirm the validity of the prepared compounds using DMSO-dg as a
solvent and TMSO as an internal reference. To the proton of the carboxyl
group (OH) while that signal disappeared in the prepared amide com-
pounds (Q1-Q6) and the appearance of the NH proton single at the range
of (10.5-11.3 ppm) due to the protons of the amide (NH) group, and the
increase in the aromatic ring singles in addition to the thiazolidine ring
singles. Also, the 13CNMR spectroscopy was used in the study amide
thiazolidine was identified by the appearance of the thiazolidine ring
singles (C5 = 50-55 ppm, C2, 4 = 65-75 ppm) and aromatic singles in
the range of (115-156 ppm) as well the singles of the carbonyl group at
the range (165-172 ppm), and also by using mass spectrometry, which
proved the validity of the synthesized compounds by the appearance of
the molecular ion peak (M*°) in all the prepared compounds (Q1-Q6)
[42-47].
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Scheme 2. Mechanism of bis amide thiazolidine derivatives.

Fig. 3. Demonstrates the impact of the compound Q1 on PC3 cell morphology, (A) control PC3 cells, (B),(C) and (D) PC3 cells treated with compound Q1 in
concentrations 25, 100, 200 ug/ml respectively and show the penetration of compound Q1 into cell membrane.

Biological activity

In vitro Anti-Cancer assay

The anti-cancer activity of the two series of new compounds was first
tested for their in vitro cytotoxicity against two cell line human prostate
cancer cells PC3 and breast cancer MCF7 and two cell line human cells
HUVEC, HPNT1A and breast cell line MCF10 using the MTT assay at
varying doses for 24 h, then cell viability was determined. Compounds
(Q1, and Q3) showed strong growth inhibition properties toward PC3 as
demonstrated in Fig. 3. At the same time, compounds (Q4 and Q5)
exhibited moderate activity and low toxicity. In contrast, some of the
compounds (Q1-Q6) were evaluated by in vitro cytotoxicity against cell
line MCF7. It can be seen that compound Q1, has medium inhibition. On
the other hand, compounds Q3 and Q6 did not show anticancer activity
against MCF7 cell lines shown Table 2. Remarkably, compound Q1

showed the effect of dual inhibition during the activity of these com-
pounds against two cell lines, MCF7and PC3. Another thing is that all the
compounds generally showed anticancer activity different from each
other on MCF7 and PC3 cell lines. The changes of the functional groups
(methyl, chlorine, etc.) in the structures of Q1-Q6 did change the
anticancer activities on the PC3 and MCF7 cell lines. Compounds Q1 and
Q3 which contain groups Cl, NO2, and OCH3 showed good activity
against PC3 with a good value of IC50, The most effective compounds
(Q1, Q3, Q6) against normal living cells type MCF10 and HUVEC were
compared and it was proven that the compounds have very weak
effectiveness and only at high concentrations, which gives a clear vision
of the possibility of using the compounds in the future against cancer
cells as shown Table 2 [48,49]. With some experimental statistics for
applying Bis thiazolidine amide anticancer drugs, these findings provide
additional opportunities for drug research and development. Using an
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Table 2
Cytotoxic activity of the tested products against the PC-3, MCF-7, MCF10,
PNT1Aand HUVEC.

Compounds PC3 MCF-7 MCF10 HUVEC PNT1A
normal normal

— (Canser cells)IC50 pg/ml(normal cells)

Q1 81.22 + 297.6 + 572 + 374 + 0.91 >400
0.99 0.84 0.95

Q2 148.25 + 265.60 + - - -
0.9 0.96

Q3 89.72 £+ 433.57 + >500 345.3+0.9 347 +
0.93 0.78 0.96

Q4 148.35 + 374.7 £ - -
0.97 0.9

Q5 207.64 + 251.2 + — —
0.98 0.99

Q6 112.79 + 540.88 + 602 + 540.82 + -
0.99 0.97 0.87 0.92

optical microscope, the morphological variations of PC3 and MCF7 cells
treated with the IC50 value of substances were noted in Fig. 3 of Q1. The
compound-treated and control (untreated) cells have different cell sur-
face morphologies. Due to the cytoplasmic condensation, the most
noticeable morphological alterations in compounds treated cells include
cell shrinkage and the formation of many cell surface protuberances at
the plasma membrane, along with nuclear chromatin aggregation into
dense masses beneath the nuclear membrane [50,51]. Recent attention
has focused on the activities of thiazolidine rings, particularly those
synthesized from cysteine and penicillamine. Previous research suggests
that amide thiazolidine derivatives exhibit enhanced efficacy against
bacteria, oxidation, and various cancer cells, with particular effective-
ness against prostate cancer cells [52,53]. A recent study explored amide
thiazolidine derivatives derived from isoniazid, demonstrating their
high efficacy against prostate and liver cancer, albeit with reduced
effectiveness against breast cancer. This finding opens the possibility of
synthesizing a series of binary amide thiazolidine derivatives containing
two thiazolidine rings and evaluating their effectiveness in comparison
with previous studies [54]. Recent attention has focused on the activities
of thiazolidine rings, particularly those synthesized from cysteine and
penicillamine. Previous research suggests that amide thiazolidine de-
rivatives exhibit enhanced efficacy against bacteria, oxidation, and
various cancer cells, with particular effectiveness against prostate can-
cer cells. A recent study explored amide thiazolidine derivatives derived
from isoniazid, demonstrating their high efficacy against prostate and
liver cancer, albeit with reduced effectiveness against breast cancer. This
finding opens the possibility of synthesizing a series of binary amide
thiazolidine derivatives containing two thiazolidine rings and evalu-
ating their effectiveness in comparison with previous studies.
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Molecular docking studies

The proteins were chosen based on the levels of expression of
numerous tumor-regulating genes, namely PC3 and MCF7, the most
significant genes for prostate cancer and breast cancer that control
apoptosis are 2FVD and 1SJO respectively. Examining ligand-protein
interactions was the main objective of this investigation to determine
how the highly active molecules Q1, Q4, and Q5 act on the receptor
target. Two receptors, PDB (ID:2FVD) [44,45] for the PC3 cell line and
PDB (ID:1SJ0) [55] for the MCF7,were provided for molecular docking
(Fig. 4, Table 3). The geometry of the docked molecule was evaluated
based on the binding energy values. For compound Q1, with a very good
fit and affinity energy of —11.52 kcal/mol for the 2FVD receptor active
site, compound Q1 displayed the best conformational docked pose, with
different interactions with amino acid residues Lys89, Leu298, Glu8,
Ala31, Glyll, Glul2, Thrl4, Glyl3, Ilel0, Arg297, His84, Phe82,
Leul34, Asp86, Alal44, Vall8, GInl31, Aspl45 and Asnl32, and
hydrogen bonds to Leu83, and GIn85. Compound Q4, primarily interacts
with the receptor through interactions inside its active site with various
amino acid residues, as demonstrated by docking calculations with the
2FVD receptor, with a good fit and affinity energy of —9.40 kcal/mol.
These interactions include Thrl4, Glyl3, Asn132, Lys129, Asp86,
GIn85, Lys89, His84, Vall64, Glul62, Lys20, Vall64, Glul62, Glul2,
GIn131, Thrl65, Lys88, Ile10, Glu8, and Phe82 and hydrogen-bond
interactions with Asp86, Lys89 and Ile10.Compound Q5, which
showed good binding mode to the lead compound with a high docking
score value —12.14 kcal/mol with interactions are represented by resi-
dues, Acel60, Arg36, Glul62, Vall163, GIn131, Asp145, Phe80, Val164,
Thr14, Glyl13, Lys129, Glul2, Glyll, Asp86, GIn85, Ile10, Leul34,
Val64, Alal44, Ala31l, and Vall8, with hydrogen bonding Lys129,
Glul2, Leul34 and Ilel0. In contrast, compound Qlagainst PDB (ID:
1SJ0). The chemical nature of binding site residues suggested in-
teractions between compound Q1 and, amino acid residues Leu387,
Met388, Leu391, Leu346, Phe425, 1le424, Met421, Ala350, Cys530, and

Table 3
Parameters of the compounds that have the best protein conformation. Refa =
45, and Refb = 46.

Com Cell line Pdb B. E (kcal/mol) Ki uM Length (A%
Q1 PC3 2FVD -11.52 3.61 2.10

Q4 PC3 2FVD —9.40 127.71 1.95

Q5 PC3 2FVD -12.14 1.26 2.30

Ref® PC3 2FVD —7.85 1770

Q1 MCF-7 1SJ0 —14.40 0.027 2.30

Ref® MCF-7 1SJ0 —-13.33 0.168

sy
@ Alfo by
55 - .
K 4 uis
( A
ol o
coRbgy o A
:Iﬁ‘l ASP A
gy =

Fig. 4. 3D and 2D Docked Pose of compound Q1, showing interaction with amino acids residues in the binding site of Cyclin-Dependent Kinase 2 (Cdk2) (PDB:2FVD)

and Human Estrogen Receptor Alpha (PDB:1S;j0).
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Fig. 5. Optimized structure of compounds prepared understudy.

Table 4

DFT calculated for the compounds synthesized.
Com u HOMO LUMO AE n n S ® (69)

(Debye) eV eV (eV) (eV) (eV) (eV) eV

Q1 6.5529 —7.9927 —0.7140 7.2787 —4.3534 3.6393 0.2747 2.6037 4.3534
Q2 2.1224 —8.0175 —1.0237 6.9937 —4.5206 3.4968 0.2859 2.9220 4.5206
Q3 2.9002 —8.0725 —0.6405 7.4319 —4.3565 3.7159 0.2691 2.5537 4.3565
Q4 4.2860 —5.5092 —1.4054 4.1037 —3.4573 2.0518 0.4873 2.9127 3.4573
Q5 3.6178 —7.8077 —0.95816.8496-4.38293.42480.29192.8045 4.3829
Q6 9.4419 —8.2229 —0.63677.5862-4.42983.79310.26362.5867 4.4298

Dipole moment p (Debye), chemical potential (p), absolute hardness () softness (S), Electrophilicity (o), Absolute electronegativity ()).

Lys53, also in addition to hydrogen bonding interactions with Phe404
[56,57]. Diaminopyrimidines and antagonist inhibitors were used in this
study as reference drugs that are used as a therapy for advanced prostate
and breast cancer cell lines respectively [57-59]. Compared to Dia-
minopyrimidines and Antagonists, all compounds showed higher bind-
ing affinities than both references, it was found that compounds (Q1,
Q3, and Q5) exhibited significant binding energy and lead molecules for
good anticancer activity.

DFT study

The ground state geometries of the compounds were optimized at
B3LYP/6-31G(d) level of theory (Fig. 5). Global reactivity descriptors
include HOMO, LUMO, Energy gap (Eg), chemical hardness (1)), elec-
tronegativity (X), chemical potential (p), and global softness are pre-
sented in Table 4, From Table 3, the polarity of a molecule can be
measured by its dipole moment (p), which is organized as follows
Q6>Q1>Q4>Q5>Q3>Q1.The dipole moment for compound Q6 is the
most polar, probably based on the large sizes and electronegativity of
their NO2 atoms which create more polar bonds. The HOMO-LUMO
energy gap (AE) represents the final charge transfer interaction within
the molecule. HOMO-LUMO low kinetic stability and strong chemical
reactivity are characteristics of molecular structures with a small energy
gap, as well as Q6 shows the highest band gap, due to showing more =
conjugation as compared to the compounds molecules with a small en-
ergy gap are soft molecules consisting of a narrow energy band, ac-
cording to the energy gap value, compound Q6 is more active than other
compounds [53,60-63]. The greater the electronic chemical potential
(absolute values), the less stable or reactive the compound, compound
Q4 has greater chemical potential than other compounds. Electronega-
tivity () is unique because it evaluates the ability of an atom or
collection of atoms to attract electrons the electronegativity (y) is ar-
ranged as follows Q2>Q4>Q5>Q3>Q1>Q4. There is an energy gap of
large for a hard molecule and small for a soft molecule. The calculated

results of Q6 with a large energy gap and hard molecule. While chemical
hardness (n) which order Q6 > Q3 > Q1 > Q2>Q5>Q4. In contrast,
softness is the opposite of hardness. Softness (S) is a sign of polarization
compound Q4 showed greater softness from all compounds, and the
trend in softness values for compounds Q4>Q5>Q2>Q1>Q6>Q3. On the
other hand, the electrophilicity (o) is arranged as follows Q2 > Q4 > Q5
> Q1>Q6>Q3 [60-63].

Conclusion

Thiazolidine amide derivatives were obtained from the reaction of D-
penicillamine and benzaldehyde derivatives easily and with very good
yields to prepare ring thiazolidine —4-carboxylic acid, which reacts with
acetic anhydride and then reacts with phenylenediamine to prepare
amide thiazolidine compounds. We concluded from the results that all
compounds have good biological activity against the type of PC3, and
the others lose activity against the type of MCF7. Against the tumor cell
lines PC3, compoundsQ1, Q4, and Q5, which were the most potent,
demonstrated exceptional inhibitory action with IC50 81.22,148.35,
and 207.64 pg/ml respectively. While Compound Q1 showed very good
activity against the MCF-7 cell line with IC50 297.60 pg/ml. Molecular
docking analysis that compounds Q1, Q4, and Q5 demonstrated very
good binding energy with essential amino acid residues and revealed
stability in the binding site and may efficiently inhibit 2FVD and 1SJO.
This compound may detect lead molecules as a drug candidate for
cancer therapy. DFT analysis that compound Q6 has a high dipole
moment (y) and energy gap(AE). On the other hand, compound Q4 has
greater chemical potential than other compounds. While the electro-
negativity () is organized as follows Q2>Q4>Q5>Q3>Q1>Q4 and
chemical hardness () which order Q6 > Q3 > Q1 > Q2>Q5>Q4. In
contrast, compounds Q4 and Q2 showed greater softness and electro-
philicity from all compounds.
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