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ABSTRACT
Microtubule dynamics are crucial for multiple cell functions, and cancer cells are particularly sensitive to
microtubule-modulating agents. Here, we describe the design and synthesis of a series of (Z)-2-(5-benzyli-
dene-4-oxo-2-thioxothiazolidin-3-yl)-N-phenylacetamide derivatives and evaluation of their microtubule-
modulating and anticancer activities in vitro. Proliferation assays identified I20 as the most potent of the
antiproliferative compounds, with 50% inhibitory concentrations ranging from 7.0 to 20.3mM with A549,
PC-3, and HepG2 human cancer cell lines. Compound I20 also disrupted cancer A549 cell migration in a
concentration-dependent manner. Immunofluorescence microscopy, transmission electron microscopy,
and tubulin polymerisation assays suggested that compound I20 promoted protofilament assembly. In
support of this possibility, computational docking studies revealed a strong interaction between com-
pound I20 and tubulin Arg b369, which is also the binding site for the anticancer drug Taxol. Our results
suggest that (Z)-2-(5-benzylidene-4-oxo-2-thioxothiazolidin-3-yl)-N-phenylacetamide derivatives could have
utility for the development of microtubule-stabilising therapeutic agents.
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1. Introduction

Cancer, defined as uncontrolled cell growth, is one of the most
common non-infectious diseases and a leading cause of death
worldwide1,2. In 2020, cancer was estimated to be responsible for

about 10 million deaths globally, and this is expected to increase
to approximately 13 million deaths by 20303,4. Although treatment
modalities for cancer, including traditional chemotherapy, have
advanced considerably in the past decade, the use of many
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anticancer drugs is hampered by severe and often debilitating
side effects5–8. Consequently, the discovery and development of
novel small molecule anticancer agents with minimal side effects
and low production costs are still challenging.

Disruption of microtubule dynamics has been considered to be
an outstanding target for anticancer drug development for deca-
des, due in large part to the crucial functions of microtubules in
many fundamental cell processes, including maintenance of cell
shape, and cell division, migration, and proliferation9–12. Many
microtubule-interacting anticancer agents have been devel-
oped12–14 that can be broadly divided into microtubule-stabilising
and -destabilising agents according to their effects on microtubule
assembly dynamics. These modulators have been shown to bind
to tubulin through four main sites, which are referred to as Taxol,
laulimalide, vinca alkaloid, and colchicine binding sites12,15–17.

Many agents that disrupt cell functions by promoting or inhibiting
microtubule assembly dynamics are mainstays of cancer treatment,
however, many of them, especially those derived from natural sour-
ces, have limited use due to high toxicity, complex isolation proc-
esses, and difficulty in obtaining source material18,19. Thus, there is an
urgent need to develop novel chemically synthetic small molecules
that can modulate microtubule dynamics for the treatment of cancer.

The rhodanine scaffold is an important active pharmacophore
that can inhibit cell proliferation by interacting with tubulin.
Importantly, rhodanine has demonstrated low toxicity against nor-
mal cells such as HBPT and MHPT20,21. In addition, some com-
pounds bearing a, b-unsaturated ketones and derivatives of
acrylamide, such as 40-methoxy-2-styrylchromone and phenylcin-
namides, compound A (see Figure 1), and compound B (see
Figure 1) often have microtubule-modulating activity22–25. Synstab
A and the cyclopropylamide analogue compound C (see Figure 1)
have also been shown to stabilise microtubule polymerisation26–28.
These findings suggest that compounds based on a rhodanine
scaffold, a, b-unsaturated ketones, and acrylamide derivatives, all
of which have relatively simple synthetic routes, exhibit anticancer

activity by targeting tubulin. Therefore, we combined the core
pharmacophores of a rhodanine scaffold, a, b-unsaturated ketones,
and acrylamide derivatives as a possible strategy to develop novel
microtubule-interacting agents.

In this article, a series of facile amides-functionalized rhoda-
nine-3-acetic acid derivatives (Figure 1) were designed, synthes-
ised, and exploited the antiproliferative activity in vitro, Moreover,
the mechanism of targeting tubulin will be furtherly investigated.

2. Results and discussion

2.1. Compound synthesis

A simple synthetic route was designed for preparing the target
compounds (Scheme 1). The structures of title compounds were
confirmed by NMR and HRMS analysis (Supporting Information).

2.2. Antiproliferative activity of compounds I1–I34 in vitro

Rhodanine-3-acetic acid derivatives I1–I34 were examined for their
effect on the proliferation of three human cancer cell lines: A549
(lung adenocarcinoma), PC-3 (prostate cancer), and HepG2 (hepa-
tocellular carcinoma), using the 3-(4,5-dimethyldiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) cell proliferation assay. The
microtubule polymerisation inhibitor colchicine and the tyrosine
kinase inhibitor gefitinib served as reference compounds. The
inhibitory activity of the compounds was first assessed at a fixed
concentration of 10mM (Table 1). Compounds I1, I19, and I20
exhibited the best antiproliferative activities against A549 and PC-
3 cancer cells, and the activities were similar to that achieved with
gefitinib. Compounds I1, I4, I5, I6, I11, I16, and I19 demonstrated
good antiproliferative activity against HepG2 cancer cells, and
their activities were slightly better than gefitinib. These results
suggested that the compound series had superior antiproliferative
activity against A549 and PC-3 than HepG2 cancer cells (Table 1).

Figure 1. Molecular structures of current microtubule-interacting agents and the related design concept of target molecules.
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To further analyse the structure� activity relationships (SARs) of
the compounds, dose-response proliferation assays were performed
to enable calculation of the concentration of each compound yield-
ing 50% maximal inhibition (IC50) of cell proliferation. Table 2 shows
the IC50 values of all title compounds. Compound I20 (R1¼Ph, R2¼4-
(CH3CH2)2N-Ph) remained the most potent antiproliferative com-
pound against A549 cancer lines and had an IC50 of 7.0mM, which
was approximately equal to the potency of gefitinib (IC50 ¼ 5.89mM).
Compounds I4, I5, I15, I16, I19, I23, I24, I25, I28, I31, and I34 had moder-
ate antiproliferative activity for A 459 cells with IC50 values ranging
between 10.3mM (I19) and 17.8mM (I34), which was about an order of
magnitude less potent than colchicine (IC50 ¼ 1.42mM). The SAR of
the compounds for inhibition of A549 proliferation can be summar-
ised as follows: (1) a bulky electron-withdrawing group at the ortho-
position was unfavourable, as shown by compound I2 (2-OCH3-Ph,
13.4mM), I3 (2-OH-Ph, 15.8mM), I2 (2-F-Ph, 22.7mM), and I3 (2-Cl-Ph,
42.1mM); (2) a bulky electron-withdrawing group at the meta-position
was beneficial, as shown by compound I7 (3-F-Ph, 29.6mM) and I9 (3-
Br-Ph, 25.5mM); (3) a bulky steric-hindering group at the para position
was associated with good bioactivity, as shown by compound I15 (4-
Cl-Ph, 14.3mM), I19 (4-OC2H5-Ph, 10.3mM), I20 (4-(CH3CH2)2N-Ph,
7.00mM), I14 (4-F-Ph, 18.8mM), I16 (4-OH-Ph, 16.8mM), and I18 (4-
OCH3-Ph, 25.7mM); and (4) introduction of a methoxyl group at the
meta-position on the benzyl group of R1 was detrimental, as shown
by compound I1 (R1¼Ph, R2¼Ph, 11.3mM), I30 (R1¼3-OCH3-Ph,
R2¼Ph, 22.1mM), I23 (R1¼Ph, R2¼cyclopropyl, 15.7mM), I32 (R1¼3-
OCH3-Ph, R2¼cyclopropyl, 39.1mM), I24 (R1¼Ph, R2¼furanyl, 14.9mM),
and I34 (R1¼3-OCH3-Ph, R2¼furanyl, 46.5mM).

We next examined the selectivity of the compounds towards
cancer cell lines by examining the proliferation of the normal rat
kidney cell line NRK-52E. Many of the compounds were cytotoxic
to NRK-52E cells (Table 3), indicating poor selectivity. However,
compound I20, which exhibited strong antiproliferative activity
with A549 cells (IC50¼7.00mM), was only weakly cytotoxic towards
NRK-52E cells (IC50¼14.7 mM and SI ¼ 2.10). Therefore, we selected
compound I20 for further investigation. selectivity

2.3. Immunofluorescence staining of tubulin and the effect of
I20 on microtubule dynamics

To determine the mechanism underlying the antiproliferative
activity of compound I20, A549 cells were treated with 0 (DMSO),

Scheme 1. Synthetic route for the target molecules I1-I34.

Table 1. The antiproliferative activities of all designed compounds against can-
cer cell lines

No.

10 mM (%inhibition ± SD)a

R1 R2 A549 PC-3 HepG2

I1 Ph Ph 43.3 ± 7.05 43.8 ± 7.39 31.3 ± 3.40
I2 Ph 2-F-Ph 13.5 ± 5.94 16.8 ± 6.31 7.65 ± 2.81
I3 Ph 2-Cl-Ph 20.5 ± 5.22 22.6 ± 8.86 11.0 ± 1.09
I4 Ph 2-OH-Ph 34.5 ± 3.28 36.2 ± 1.31 26.4 ± 6.99
I5 Ph 2-OCH3-Ph 38.3 ± 7.94 29.0 ± 5.76 25.6 ± 8.29
I6 Ph 3-NO2-Ph 22.2 ± 2.04 17.6 ± 4.41 24.2 ± 2.85
I7 Ph 3-F-Ph 26.1 ± 9.76 18.9 ± 7.80 7.27 ± 3.65
I8 Ph 3-Cl-Ph 25.9 ± 1.12 21.0 ± 4.22 10.0 ± 8.58
I9 Ph 3-Br-Ph 25.8 ± 5.96 27.3 ± 1.24 12.7 ± 7.10
I10 Ph 3-OH-Ph 14.5 ± 3.41 12.6 ± 4.02 5.11 ± 0.69
I11 Ph 3-OCH3-Ph 25.7 ± 3.07 10.6 ± 2.99 13.9 ± 9.39
I12 Ph 4-NO2-Ph 24.4 ± 1.08 16.6 ± 3.30 22.6 ± 0.65
I13 Ph 4-CF3-Ph 27.8 ± 2.77 32.1 ± 4.62 11.2 ± 7.48
I14 Ph 4-F- Ph 27.6 ± 2.76 27.7 ± 7.29 6.59 ± 1.11
I15 Ph 4-Cl-Ph 36.7 ± 4.78 32.3 ± 4.36 21.2 ± 6.19
I16 Ph 4-OH-Ph 29.6 ± 3.04 24.9 ± 4.03 31.6 ± 4.35
I17 Ph 4-i-pr-Ph 22.5 ± 4.54 29.0 ± 7.01 17.5 ± 4.07
I18 Ph 4-OCH3-Ph 23.0 ± 5.90 25.0 ± 4.85 13.6 ± 2.39
I19 Ph 4-OC2H5-Ph 48.2 ± 5.78 38.0 ± 9.31 34.3 ± 5.88
I20 Ph 4-(CH3CH2)2N-Ph 58.8 ± 3.68 10.1 ± 4.06 9.79 ± 2.24
I21 Ph 2,4-diCl- Ph 4.43 ± 1.21 19.2 ± 8.28 8.03 ± 3.03
I22 Ph 3-OH-4-OCH3-Ph 5.02 ± 2.21 7.78 ± 5.71 5.04 ± 5.36
I23 Ph Cyclopropyl 28.9 ± 5.40 24.1 ± 1.08 11.0 ± 7.62
I24 Ph Furanyl 39.5 ± 5.75 23.1 ± 8.45 18.6 ± 3.86
I25 Ph Thiophenyl 23.5 ± 3.04 5.30 ± 2.26 11.8 ± 2.60
I26 Ph 1H-Pyrrole-2-yl 21.4 ± 5.99 22.7 ± 7.31 9.65 ± 2.44
I27 Ph 3-Cyclohexen-1-yl 19.6 ± 3.88 18.9 ± 6.58 5.31 ± 1.20
I28 Ph 2-Pyridine-1-yl 32.6 ± 4.59 30.5 ± 2.47 10.2 ± 3.30
I29 Ph 4-Pyridine-1-yl 25.9 ± 5.70 5.33 ± 2.26 11.8 ± 2.60
I30 3-OCH3-Ph Ph 26.3 ± 1.68 17.83 ± 7.74 11.8 ± 0.64
I31 3-OCH3-Ph 4-F- Ph 22.3 ± 1.82 13.02 ± 7.60 10.2 ± 4.22
I32 3-OCH3-Ph Cyclopropyl 17.2 ± 2.69 18.6 ± 2.52 12.1 ± 3.21
I33 3-OCH3-Ph Furanyl 13.7 ± 3.30 8.63 ± 2.43 5.43 ± 1.12
I34 3-OCH3-Ph Thiophenyl 12.4 ± 4.84 7.28 ± 6.09 12.2 ± 4.01
Colchicine 68.5 ± 6.61 58.6 ± 4.51 56.4 ± 1.51
Gefitinib 56.5 ± 4.73 54.5 ± 3.59 29.1 ± 4.98
aThe antiproliferation activities of all target compounds against cancer cell lines
were determined by MTT assay. The data represent the mean of triplicate
determinations.
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4, and 8 mM compound I20 for 48 h, and the cells were then fixed
and immunostained for a-tubulin (red fluorescence, Figure 2) and
counterstained with DAPI to visualise nuclei (blue fluorescence,
Figure 2). Fluorescence patterns showed that DMSO-treated cells
displayed uncondensed chromosomes, were in interphase of the
cell division cycle, and had microtubules uniformly dispersed in
the cytoplasm. In contrast, cells treated with compound I20 dis-
played more disordered dispersal of microtubules in the cyto-
plasm and more condensed chromosomes. Moreover, the
microtubule density was reduced and the networks more disor-
ganised in compound I20-incubated cells compared with the con-
trol cells. These observations indicated that compound I20
disrupted the microtubule dynamics and morphology of A549
cells, suggesting that this compound may target tubulin.

2.4. Effect of I20 on tubulin polymerisation in vitro

To determine whether compound I20 affects microtubule organisa-
tion via tubulin, we next performed a tubulin polymerisation
assay29–32 using Taxol as the reference microtubule-stabilising
agent. As shown in Figure 3, compound I20 promoted tubulin sta-
bilisation in a concentration-dependent manner. These findings
were consistent with the fluorescence microscopy observations
and further suggest that compound acts by compound I20 stimu-
lating tubulin polymerisation.

2.5. Visualisation of tubulin assembly

Transmission electron microscopy (TEM) was carried out to directly
visualise the impact of compound I20 on tubulin assembly. Using
the same conditions as the tubulin polymerisation assay described
above, untreated control tubulin demonstrated spontaneous for-
mation of uniform protofilaments, as expected (Figure 4(A)).
However, preincubation of the tubulin with 20mM I20 induced
tubulin polymerisation and created large, nonlinear, disorganised
aggregates (Figure 4(B)). TEM imaging thus revealed that com-
pound I20 could stabilise protofilaments, further supporting the
results of the fluorescence microscopy and tubulin assem-
bly assays.

Table 2. The antiproliferative activities of all designed compounds against
A549 cells.

No.
IC50 (lM)

R1 R2 A549

I1 Ph Ph 11.3 ± 1.50
I2 Ph 2-F-Ph 22.7 ± 5.45
I3 Ph 2-Cl-Ph 42.1 ± 4.73
I4 Ph 2-OH-Ph 15.8 ± 3.03
I5 Ph 2-OCH3-Ph 13.4 ± 5.03
I6 Ph 3-NO2-Ph 22.9 ± 2.07
I7 Ph 3-F-Ph 29.6 ± 3.72
I8 Ph 3-Cl-Ph 31.0 ± 2.21
I9 Ph 3-Br-Ph 25.5 ± 1.24
I10 Ph 3-OH-Ph 42.8 ± 6.50
I11 Ph 3-OCH3-Ph 32.0 ± 5.00
I12 Ph 4-NO2-Ph 23.6 ± 3.00
I13 Ph 4-CF3-Ph 20.1 ± 3.13
I14 Ph 4-F-Ph 18.8 ± 3.31
I15 Ph 4-Cl-Ph 14.3 ± 3.42
I16 Ph 4-OH-Ph 16.8 ± 3.66
I17 Ph 4-i-pr-Ph 20.7 ± 3.33
I18 Ph 4-OCH3-Ph 25.7 ± 3.38
I19 Ph 4-OC2H5-Ph 10.3 ± 1.54
I20 Ph 4-(CH3CH2)2N-Ph 7.00 ± 1.06
I21 Ph 2,4-diCl-Ph 36.9 ± 1.36
I22 Ph 3-OH-4-OCH3-Ph 84.9 ± 9.00
I23 Ph Cyclopropyl 15.7 ± 0.98
I24 Ph Furanyl 14.9 ± 1.72
I25 Ph Thiophenyl 16.0 ± 3.46
I26 Ph 1H-Pyrrole-2-yl 20.0 ± 4.25
I27 Ph 3-Cyclohexen-1-yl 51.3 ± 9.09
I28 Ph 2-Pyridine-1-yl 17.3 ± 3.90
I29 Ph 4-Pyridine-1-yl 26.4 ± 8.00
I30 3-OCH3-Ph Ph 22.1 ± 3.41
I31 3-OCH3-Ph 4-F-Ph 14.4 ± 0.70
I32 3-OCH3-Ph Cyclopropyl 39.1 ± 5.62
I33 3-OCH3-Ph Furanyl 46.5 ± 7.31
I34 3-OCH3-Ph Thiophenyl 17.8 ± 3.75
Colchicine 1.42 ± 0.13
Gefitinib 5.89 ± 1.05
aThe antiproliferative activities of all target compounds against cancer cell lines
were determined by MTT assay. The data represent the mean of triplicate
determinations.

Table 3. The antiproliferative activities of compounds I1, I5, I15, I19, I20 and I24 against cancer cell lines and normal cells.

No.

IC50 (%inhibition ± SD)a

R1 R2 A549 PC-3 HepG2 NRK-52E SIb

I1 Ph Ph 11.3 ± 1.50 21.7 ± 2.89 24.7 ± 8.91 13.1 ± 3.58 1.16
I5 2-OCH3-Ph Ph 13.4 ± 5.03 14.5 ± 1.30 36.4 ± 8.00 17.4 ± 4.57 1.30
I15 4-Cl- Ph Ph 14.3 ± 3.42 17.6 ± 2.51 20.6 ± 5.19 15.1 ± 2.45 1.06
I19 4-OC2H5- Ph Ph 10.3 ± 1.54 18.1 ± 3.68 18.8 ± 5.40 11.0 ± 3.10 1.07
I20 4-(CH3)2N- Ph Ph 7.00 ± 1.06 19.9 ± 5.56 20.3 ± 2.93 14.7 ± 1.58 2.10
I24 Furanyl Ph 14.9 ± 1.72 25.1 ± 3.39 17.7 ± 2.27 20.1 ± 2.12 1.35
Colchicine 1.42 ± 0.13 1.93 ± 0.28 3.87 ± 0.22 3.21 ± 0.67 2.26
Gefitinib 5.89 ± 1.05 6.99 ± 1.52 19.08 ± 4.98 23.4 ± 4.46 3.97
aThe antiproliferative activities of all target compounds against cancer cell lines were determined by MTT assay. The data represent the mean of triplicate
determinations.
bSI: selectivity index. It was calculated as: SI¼ IC50(NRK-52E)/IC50(A549).
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2.6. Cell cycle analysis

Microtubules form the structural basis of the mitotic spindle,
which is a pivotal structure in the process of cell division of
eukaryotic cells33–36. Therefore, we next examined the effects of
compound I20 on the A549 cell cycle. For these experiments, A549
cells were treated with compound I20 at 0, 4mM, and 8 mM for
24 h and then incubated with propidium iodide, a red fluorescent
dye that binds stoichiometrically to DNA, thereby enabling quanti-
fication of DNA at different stages of the cell cycle using flow
cytometry. Consistent with the activity of a microtubule-stabilising
agent, compound I20 incubation caused an arrest of A549 cells at
G2/M. The percentage of cells in G2/M was increased from a base-
line of 5.94% of cells after incubation with DMSO to 10.92% and
15.45% for cells incubated with compound I20 at 4 and 8mM,
respectively (Figure 5). Taken together, these results validate the
antimitotic activity of compound I20 and are consistent with cell
cycle arrest induced by disordered microtubule assembly.

2.7. Computational docking studies

To better elucidate the binding mode of compound I20 in the
active site of tubulin, we performed a molecular docking study
with SYBYL-X 2.0 software. Briefly, the reported crystal structure of
tubulin (PDB code: 5syf) was employed as the receptor and ligand
Taxol was removed from tubulin. Subsequently, the highest dock-
ing score conformation of compound I20 in the active site of
tubulin derived from the Surflex-Dock Geom module was selected
as the preferred binding mode. As depicted in Figure 6, com-
pound I20 occupied the same active pocket as the reference drug
Taxol, and the interaction with tubulin involved amino acid resi-
dues Asp b26, Glu b27, Ile b212, Cys b213, Leu b217, Leu b219,
Asp b226, Leu b227, His b229, Leu b230, Ala b233, Phe b272, Leu
b275, Arg b320, Pro b360, Arg b369, Leu b371, and Ser b374.
Additionally, although conventional hydrogen bonds were crucial
to the interaction, non-covalent interactions (such as p-p stacked,
p-alkyl, and others) also contributed to the interaction37–41. For
instance, one hydrogen bond was formed between the -NH group
of compound I20 and Arg b369 of tubulin (2.5 Å). Moreover, Asp
b226 residues formed carbon–hydrogen interactions with the
N(CH3CH2)2 group of compound I20. Compound I20 interacted
with tubulin residues Asp b26, Glu b27, Ile b212, Asp b226, Leu
b227, Phe b272, Leu b275, Arg b320, Pro b360, Leu b371, and Ser
b374 mainly through van der Waals interactions. A p-p stacked
interaction was displayed between compound I20 and tubulin His
b229. Finally, amino acid residues Cys b213, Leu b217, Leu b219,
Leu b230, and Ala b233 interacted with compound I20 through
p-alkyl or alkyl interactions. These results suggested that com-
pound I20 promoted microtubule assembly by binding strongly to
the Taxol-binding site of tubulin.

2.8. Effects on cell migration of compound I20

Finally, we examined the ability of compound I20 to influence
A549 cell migration, which is an important malignant behaviour
and contributes to metastasis, a major cause of cancer-related
death42. Furthermore, many tubulin-binding agents have been

Figure 2. Effects of compound I20 on the cellular microtubule network were visualised by immunofluorescence assay. A549 cells were treated with vehicle control
0.1% DMSO, 4lM and 8lM compound I20 for 48 h. Then, cells were fixed and stained with anti-a-tubulin antibody (red fluorescence) and counterstained with DAPI
(blue fluorescence). Detection of the fixed and stained cells was performed using fluorescence microscope. Scale bars are 50lm.

Figure 3. Progress of tubulin polymerisation in the presence of 10lM and
20lM compound I20. Taxol (10lM) was used as positive polymerisation control,
whereas untreated tubulin was used as negative control.
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shown to inhibit cancer cell migration43–45. The effect of com-
pound I20 on A549 cell migration was measured using wound-
healing migration assays. As shown in Figure 7, after 12 h incuba-
tion, DMSO-treated control cells exhibited a 26.9% migration rate
compared with 17.3% for cells treated with 10 mM compound I20.
Similarly, after 48 h incubation, the migration rates were 46.2% for
control cells and 26.1% for cells treated with compound I20. These
results demonstrate that the microtubule-stabilising compound I20
can effectively inhibit the migration and proliferation of can-
cer cells.

3. Conclusions

The present study describes the facile preparation of (Z)-2–(5-ben-
zylidene-4-oxo-2-thioxothiazolidin-3-yl)-N-phenylacetamide deriva-
tives with antiproliferative activity against various cancer cells.
Notably, compound I20 had excellent antiproliferative activity
against A549 cells but was only weakly cytotoxic towards normal
NRK-52E cells. Compound I20 was shown to promote microtubule
protofilament assembly, leading to reduced microtubule density
and disordered networks, and this was confirmed by direct

Figure 4. Effect of different concentrations of compound I20 on tubulin polymerisation: a) 4mg/mL tubulin, b) 20lM compound I20 þ 4mg/mL tubulin, c) 20lM
compound I20 without tubulin. Scale bars are 1lm.

Figure 5. The effects of cell cycle affected by compound I20 in A549 cells. (A) DMSO-treated (0.1%) cells served as a control. (B) A549 cells were harvested after incu-
bating with 4mM compound I20. (C) A549 cells were harvested after incubating with 8mM compound I20. (D) Cell cycle contributions resulting from treatment with
0mM compound I20 (control) and cells treated with compound I20 (4 and 8lM) for 24 h.
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assessment of tubulin polymerisation and by visualisation with
TEM. Moreover, compound I20 induced cell cycle arrest of A549
cells and significantly decreased cell migration in a concentration-
dependent manner. Finally, molecular modelling studies predicted
that compound I20 interacts strongly with Arg b369 at the Taxol-
binding site of tubulin. Taken together, the results of this study
identify this series of synthetic modified (Z)-2–(5-benzylidene-4-
oxo-2-thioxothiazolidin-3-yl)-N-phenylacetamide derivatives as
potential microtubule-stabilising agents for the treatment of can-
cer. Studies are ongoing to enhance the selective toxicity of com-
pound I20 for cancer cells compared with normal cells and to
improve the tubulin-binding capacity of the compound.

4 Experimental

4.1. Instruments and chemicals

NMR spectra were performed by JEOL-ECX500 instrument
(Akishima, Japan) or Bruker Biospin AG-400 instrument (Bruker

Optics, Germany) using DMSO-d6 as solvent and tetramethylsilane
as the internal standard. Melting points were determined on a
SGW X-4B microscopic melting point apparatus (Shengguang
Instrument Co., Ltd., China) and were uncorrected. HRMS spectra
were obtained on Thermo Scientific UltiMate 3000 spectrometer
(Waltham, USA) or Waters Xevo G2-S QTOF MS (Waters MS
Technologies, Manchester, UK). Immunofluorescence staining assay
was performed by tubulin-tracker red kit (Beyotime Institute of
Biotechnology, Shanghai, China) and observed using a Nikon
ECLIPSE Ti－S fluorescent microscope (Nikon, Japan). The tubulin
polymerisation assay was carried out using the tubulin polymerisa-
tion assay kit (cytoskeleton, #BK004P) and recorded by CytationTM

5 multi-mode readers (BioTek Instruments, Inc. USA). The rhoda-
nine-3-acetic acid and various amine analogues were purchased
from Aladdin Industrial Inc. (Shanghai, China) or Bide Pharmatech
Co., Ltd. (Shanghai, China). The FACSCaliburTM flow cytometer
(Becton Dickinson Immunocytometry Systems, San Jose, CA) was
employed to analyse the cell cycle arrest.

Figure 6. Putative binding model of compound I20 with tubulin. (A) Binding of compound I20 into the active site of tubulin was displayed by PyMol software; (B) 2D
model of interaction between tubulin and compound I20 using Discovery Studio 4.5 software.

Figure 7. Cell migration assay showed that compound I20 inhibited the migration of A549 cells. (A) Cell migration was detected using a wound healing assay in
untreated cells (left panel) and cells treated with 10lM compound I20 (right panel) during 24 h, Scale bars are 100lm. (B) the cell relative migration was quantified
using the software.
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4.2. Pharmacology

4.2.1. Cell culture
PC-3 (Human prostate cancer cell line) cell line was kindly donated
by the Key Laboratory of Natural Product Chemistry of the
Chinese Academy of Sciences of Guizhou Province; A549 (Human
non-small cell lung cancer cell line) cell line was purchased from
the Shanghai Cell Bank of the Chinese Academy of Sciences;
HepG2 (human liver cancer cell line) and NRK 52E (Normal rat kid-
ney cell line) cell line was kindly provided by Guizhou Medical
University. The stock cells were maintained RPMI 1640 or DMEM
complete medium.

4.2.2. Antiproliferative assay
The antiproliferative activities of target compounds against A549,
PC-3, HepG2, and NRK-52E were evaluated using the MTT assay
according to the previous articles46,47. Briefly, the assay was meas-
ured at 490 nm by an InfiniteVR M200 PRO multimode Plate
Readers (Tecan Group Ltd., Switzerland). gefitinib, and colchicine
were used as positive controls.

4.2.3. Immunofluorescence pattern of microtubules dynamics
affected by compound I20
According to the previous protocol48,49, A549 cells were seeded in
6-well plate and incubated overnight. The cells were incubated
with DMSO or various concentrations of target compounds. Then,
6-well plates were kept at 37 �C and 5% CO2 for 48 h. Afterwards,
the cells were washed with phosphate-buffered saline (PBS,
10mM, pH 7.3) and fixed with 4% formaldehyde solution for
15min, and subsequently washed with 0.1% Triton X-100 in PBS.
Subsequently, cells were incubated with diluting tubulin-tracker
red for 40min in a dark environment and washed three times
using 0.1% Triton X-100 of PBS, and then stained with DAPI (2 mg/
mL). Finally, the results were imaging using a Nikon ECLIPSE Ti-S
fluorescent microscope (Nikon Co, Japan).

4.2.4. Tubulin polymerisation assay in vitro
The in vitro tubulin polymerisation assay was measured according
to the protocol of HTS-Tubulin Polymerisation Assay Kit (#BK004P,
Cytoskeleton, Inc., Denver, CO) in previous articles30,31. Primarily,
the 96-well plate was pre-warmed at 37 �C, compounds were dis-
solved in DMSO to obtain a stock solution. 100 mL 4mg/mL tubu-
lin was reacted with 0.1% DMSO or various of different
concentration of compounds in G-PEM buffer at 37 �C. The results
were recorded using at 340 nm each 10 s for 70min using
CytationTM 5 multi-mode readers.

4.2.5. Visualisation of tubulin assembly in vitro
Briefly, according to the protocol of tubulin polymerisation
assay50,51, the 100mL centrifuge tubes were pre-warmed at 37 �C.
Then, 20 mL 4mg/mL tubulin was incubated with final concentra-
tion of 20 mM compounds in G-PEM buffer, and the reaction was
kept at 37 �C for 30min. Finally, the formed microtubules were
transferred to Formvar-caron-coated copper grids, negatively
stained with 1% phosphotungstic acid, and visualised by transmis-
sion electron microscope (TEM).

4.2.6. Cell cycle analysis
As previously described52, the A549 cells treated with various con-
centration of target compound for 24 h were carefully collected
and washed twice in pre-cooled PBS. Then, the cells were resus-
pended in 2ml pre-cooled 70% ethanol solution, subsequently
kept 4 �C for overnight. Fixed cells were washed with PBS and
incubated with 1mg/mL RNase A for 30min at 37 �C. Cell nuclei
were stained with 20mg/mL PI staining solution at 4 �C for 30min
in darkness. Finally, the cell cycle distribution was analysed via the
FACSCaliburTM flow cytometer (Becton Dickinson Immunocytometry
Systems, San Jose, CA).

4.2.7. Computational docking studies
Molecular docking studies were carried out SYBYL-X 2.0 software
(Tripos, USA) based on its Surflex-Dock Geom module. Briefly, the
crystal structure of tubulin protein in complex with Taxol (PDB
code: 5syf) was downloaded from RCSB Protein Data Bank (www.
rcsb.org). Then, all the water molecules and Taxol were eliminated
from the protein, subsequently the polar hydrogen atoms were
added to the crystal structure. Meanwhile, the ligands were pre-
pared, subsequently energy minimised using the Tripos force field
and atomic charges were assigned using Gasteiger-Huckel
method. Finally, the docking results were performed by PyMol
software and Discovery Studio (DS) 202041,53,54.

4.2.8. Scratch test
For cell motility determination55, A549 cells with a density of
1� 106 cells/mL were seeded in 6-well plates. After the cells
adhered to the wall, three uniform thin lines were drawn in each
well by a sterile pipette tip. Subsequently, the medium containing
1% foetal bovine serum (FBS) and different subtoxic concentra-
tions of test compounds were added in wells. After incubating
with the different time, the cells were monitored and photo-
graphed for wound closure using an inverted fluorescence micro-
scope. Finally, the scratch healing rates were calculated: Migration
distance (n h) ¼ edge distance (0 h) � edge distance (12 h
or 24 h).

4.2.9. General procedure for the synthesis of title compounds
Briefly, rhodanine-3-acetic acid and corresponding amines were
dissolved in acetonitrile solution41,56. Subsequently, EDCI and
HOBt were added in the reaction mixture at room temperature to
produce the corresponding intermediates. The reaction mixture
was poured into water and extracted three times with ethyl acet-
ate. The organic layer was washed twice with 5% aqueous NaOH
solution, 5% aqueous HCl solution and water. Finally, the organic
layer was dried by anhydrous sodium sulphate, filtered, and
evaporated. The corresponding intermediates were reacted with
various aldehydes in ethanol solution, and 10 mL piperidine was
then added to the mixture at 100 �C to achieve the crude product.
The crude product was filtered and further recrystallised to obtain
the target compounds I1–I34.

4.2.9.1. Synthesis of target compounds
(Z)-2–(5-benzylidene-4-oxo-2-thioxothiazolidin-3-yl)-N-phenylaceta-
mide (I1). A yellow solid, yield 75.0%, m.p. 249–250 �C; 1H NMR
(400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-phenyl), 7.91 (s, 1H,
CH-phenyl), 7.69 (d, J¼ 6.9 Hz, 2H, phenyl-2-Hþphenyl-6-H), 7.57
(q, J¼ 15.0, 7.3 Hz, 5H, NH-phenyl-2-HþNH-phenyl-6-Hþphenyl-3-
Hþphenyl-4-Hþphenyl-5-H), 7.32 (t, J¼ 7.9 Hz, 2H, NH-phenyl-3-
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HþNH-phenyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 4.90 (s,
2H, CH2–CONH);

13C NMR (101MHz, DMSO-d6) d 194.1 (s), 167.1
(s), 163.6 (s), 138.9 (s), 134.1 (s), 133.4 (s), 131.6 (s), 131.2 (s), 130.1
(s), 129.4 (s), 124.2 (s), 122.7 (s), 119.6 (s), 47.2 (s); HRMS (ESI)
[MþH]þ calcd for C18H15O2N2S2: 355.0692, found: 355.0569.

(Z)-2–(5-(2-fluorobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I2). A yellow solid, yield 63.0%, m.p. 244–245 �C; 1H
NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-phenyl), 7.84 (s,
1H, CH-phenyl), 7.61 (q, J¼ 14.2, 6.5 Hz, 2H, phenyl-5-Hþphenyl-
6-H), 7.55 (d, J¼ 7.6 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H),
7.45� 7.38 (m, 2H, phenyl-3-Hþphenyl-4-H), 7.32 (t, J¼ 8.0 Hz, 2H,
NH-phenyl-3-HþNH-phenyl-5-H) , 7.08 (t, J¼ 7.4 Hz, 1H, NH-phe-
nyl-4-H), 4.90 (s, 2H, CH2–CONH);

13C NMR (101MHz, DMSO-d6) d
193.8 (s), 166.9 (s), 163.5 (s), 161.1 (d, 1JC–F ¼ 253.1 Hz), 138.9 (s),
134.0 (d, 4JC–F ¼ 9.0 Hz), 130.2 (s), 129.4 (s), 126.2 (d, 6JC–F ¼
3.4 Hz), 125.3 (s), 125.1 (d, 5JC–F ¼ 6.0 Hz), 124.2 (s), 121.2 (d, 3JC–F
¼ 12.0 Hz), 119.6 (s), 116.9 (d, 2JC–F ¼ 21.3Hz), 47.3 (s); HRMS (ESI)
[M–H]– calcd for C18H12O2N2FS2: 371.0332, found: 371.0319.

(Z)-2–(5-(2-chlorobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I3). A yellow solid, yield 62.0%, m.p. 241–242 �C; 1H
NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-phenyl), 7.98 (s,
1H, CH-phenyl), 7.71� 7.62 (m, 2H, phenyl-5-Hþphenyl-6-H),
7.58� 7.52 (m, 4H, NH-phenyl-2-HþNH-phenyl-6-Hþphenyl-3-
Hþphenyl-4-H), 7.32 (t, J¼ 7.9 Hz, 2H, NH-phenyl-3-HþNH-phe-
nyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 4.90 (s, 2H,
CH2–CONH);

13C NMR (101MHz, DMSO-d6) d 193.9 (s), 166.8 (s),
163.5 (s), 138.9 (s), 135.3 (s), 133.0 (s), 131.3 (s), 131.0 (s), 130.0 (s),
129.4 (s), 128.9 (s), 128.7 (s), 126.3 (s), 124.2 (s), 119.6 (s), 47.3 (s);
HRMS (ESI) [M–H]– calcd for C18H12O2N2ClS2: 387.0038,
found: 387.0023.

(Z)-2–(5-(2-hydroxybenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I4). A yellow solid, yield 25.0%, m.p. 210–211 �C; 1H
NMR (400MHz, DMSO-d6) d 10.41 (s, 1H, CO–NH-phenyl), 8.15 (s,
1H, CH-phenyl), 7.74 (dd, J¼ 7.8, 1.4 Hz, 1H, phenyl-6-H), 7.59 (d,
J¼ 1.3 Hz, 1H, phenyl-4-H), 7.51� 7.39 (m, 5H, NH-phenyl-2-
HþNH-phenyl-6-Hþphenyl-3-Hþphenyl-5-Hþ 2-OH-phenyl), 7.34
(td, J¼ 7.7, 1.0 Hz, 1H, NH-phenyl-4-H), 7.28 (dd, J¼ 5.3, 3.2 Hz, 2H,
NH-phenyl-3-HþNH-phenyl-5-H), 4.29 (d, J¼ 0.7Hz, 2H, CH2–CONH);
13C NMR (101MHz, DMSO-d6) d 183.8 (s), 172.7 (s), 159.0 (s), 152.4
(s), 137.6 (s), 133.9 (s), 132.1 (s), 129.3 (s), 129.2 (s), 129.0 (s), 128.4 (s),
125.4 (s), 123.7 (s), 119.7 (s), 116.6 (s), 49.6 (s); HRMS (ESI) [M–H]–

calcd for C18H13O3N2S2: 369.0380, found: 369.0362.

(Z)-2–(5-(2-methoxybenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-
phenylacetamide (I5). A yellow solid, yield 84.0%, m.p. 266–267 �C;
1H NMR (400MHz, DMSO-d6) d 10.43 (s, 1H, CO–NH-phenyl), 7.99
(s, 1H, CH-phenyl), 7.54 (dd, J¼ 13.4, 5.0 Hz, 3H, NH-phenyl-2-
HþNH-phenyl-6-Hþphenyl-6-H), 7.51� 7.47 (m, 1H, phenyl-4-H),
7.32 (t, J¼ 7.9 Hz, 2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.18 (d,
J¼ 8.2 Hz, 1H, phenyl-3-H), 7.13 (t, J¼ 7.5 Hz, 1H, phenyl-5-H), 7.07
(t, J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 4.89 (s, 2H, CH2–CONH), 3.93 (s,
3H, OCH3);

13C NMR (101MHz, DMSO-d6) d 194.6 (s), 167.2 (s),
163.7 (s), 158.7 (s), 138.9 (s), 133.9 (s), 130.8 (s), 129.5 (s), 129.4 (s),
124.2 (s), 122.6 (s), 121.8 (s), 121.7 (s), 119.6 (s), 112.6 (s), 56.3 (s),
47.2 (s); HRMS (ESI) [M–H]– calcd for C19H15O3N2S2: 383.0536,
found: 383.0519.

(Z)-2–(5-(3-nitrobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phenyl-
acetamide (I6). A yellow solid, yield 60.0%, m.p. 266–267 �C; 1H

NMR (400MHz, DMSO-d6) d 10.45 (s, 1H, CO–NH-phenyl), 8.53 (s,
1H, phenyl-2-H), 8.33 (dd, J¼ 8.3, 1.7 Hz, 1H, phenyl-4-H), 8.07 (d,
J¼ 8.6 Hz, 2H, CH-phenylþphenyl-6-H), 7.85 (t, J¼ 8.1 Hz, 1H, phe-
nyl-6-H), 7.55 (d, J¼ 7.7 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H),
7.32 (t, J¼ 7.9 Hz, 2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.08 (t,
J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 4.91 (s, 2H, CH2–CONH);

13C NMR
(101MHz, DMSO-d6) d 193.5 (s), 166.9 (s), 163.5 (s), 148.8 (s), 138.9
(s), 136.3 (s), 135.0 (s), 131.6 (s), 129.4 (s), 125.7 (s), 125.6 (s), 125.5
(s), 124.2 (s), 119.6 (s), 47.3 (s); HRMS (ESI) [M–H]– calcd for
C18H12O4N3S2: 398.0279, found: 398.0264.

(Z)-2–(5-(3-fluorobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I7). A yellow solid, yield 55.0%, m.p. 259–260 �C; 1H
NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-phenyl), 7.91 (s,
1H, CH-phenyl), 7.68� 7.60 (m, 1H, phenyl-5-H), 7.60� 7.53 (m,
3H, NH-phenyl-2-HþNH-phenyl-6-Hþphenyl-4-H), 7.51 (d,
J¼ 7.9 Hz, 1H, phenyl-5-H), 7.40 (td, J¼ 8.3, 2.0 Hz, 1H, phenyl-2-H),
7.33 (t, J¼ 7.9 Hz, 2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.08 (t,
J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 4.90 (s, 2H, CH2–CONH);

13C NMR
(101MHz, DMSO-d6) d 193.8 (s), 167.0 (s), 163.6 (s), 162.8 (d, 1JC–F
¼ 245.4 Hz), 138.9 (s), 135.7 (d, 5JC–F ¼ 8.1 Hz), 132.6(s), 132.1 (d,
4JC–F ¼ 8.4 Hz), 129.4 (s), 126.6 (d, 6JC–F ¼ 2.5 Hz), 124.4 (s), 124.2
(s), 119.6 (s), 118.4 (d, 3JC–F ¼ 21.2Hz), 117.9 (d, 2JC–F ¼ 22.5 Hz),
47.3 (s); HRMS (ESI) [M–H]– calcd for C18H12O2N2FS2: 371.0333,
found: 371.0319.

(Z)-2–(5-(3-chlorobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I8). A yellow solid, yield 51.0%, m.p. 255–256 �C; 1H
NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-phenyl), 7.91 (s,
1H, CH-phenyl), 7.79 (s, 1H, phenyl-6-H), 7.64� 7.59 (m, 3H phe-
nyl-3-Hþphenyl-4-Hþphenyl-5-H), 7.55 (d, J¼ 7.6 Hz, 2H, NH-phe-
nyl-2-HþNH-phenyl-6-H), 7.33 (t, J¼ 7.9 Hz, 2H, NH-phenyl-3-
HþNH-phenyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 4.90 (s,
2H, CH2–CONH);

13C NMR (101MHz, DMSO-d6) d 193.7 (s), 167.0
(s), 163.5 (s), 138.8 (s), 135.5 (s), 134.6 (s), 132.4 (s), 131.9 (s), 131.1
(s), 129.4 (s), 128.8 (s), 124.4 (s), 124.2 (s), 119.6 (s), 47.3 (s); HRMS
(ESI) [M–H]– calcd for C18H12O2N2ClS2: 387.0038, found: 387.0023.

(Z)-2–(5-(3-bromobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I9). A yellow solid, yield 59.0%, m.p. 264–265 �C; 1H
NMR (400MHz, DMSO-d6) d 10.43 (s, 1H, CO–NH-phenyl), 7.89 (s,
1H, CH-phenyl), 7.79 (d, J¼ 8.5 Hz, 2H phenyl-6-Hþphenyl-5-H),
7.64 (d, J¼ 8.6 Hz, 2H, phenyl-2-Hþphenyl-4-H), 7.55 (d, J¼ 7.6 Hz,
2H, NH-phenyl-2-HþNH-phenyl-6-H), 7.32 (t, J¼ 7.9 Hz, 2H, NH-
phenyl-3-HþNH-phenyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-
H), 4.89 (s, 2H, CH2–CONH);

13C NMR (101MHz, DMSO-d6) d 193.8
(s), 167.1 (s), 163.6 (s), 138.9 (s), 133.1 (s), 133.0 (s), 132.8 (s), 132.6
(s), 129.4 (s), 125.3 (s), 124.2 (s), 123.5 (s), 119.6 (s), 47.2 (s); HRMS
(ESI) [M–H]– calcd for C18H12O2N2BrS2: 430.9534, found: 430.9518.

(Z)-2–(5-(3-hydroxybenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I10). A yellow solid, yield 39.0%, m.p. 252–253 �C; 1H
NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-phenyl), 9.92 (s,
1H, OH-phenyl), 7.81 (s, 1H, CH-phenyl), 7.56 (d, J¼ 7.6 Hz, 2H, NH-
phenyl-2-HþNH-phenyl-6-H), 7.38 (t, J¼ 7.9 Hz, 1H, phenyl-5-H),
7.33 (t, J¼ 8.0 Hz, 2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.14 (d,
J¼ 7.7 Hz, 1H, NH-phenyl-4-H), 7.11� 7.04 (m, 2H, phenyl-5-
Hþphenyl-6-H), 6.95 (m, 1H, phenyl-2-H), 4.90 (s, 2H, CH2–CONH);
13C NMR (101MHz, DMSO-d6) d 194.1 (s), 167.2 (s), 163.6 (s), 158.5
(s), 138.9 (s), 134.5 (s), 134.4 (s), 131.1 (s), 129.4 (s), 124.2 (s), 122.6
(s), 122.4 (s), 119.6 (s), 119.0 (s), 116.8 (s), 47.2 (s); HRMS (ESI)
[M–H]– calcd for C18H13O3N2S2: 369.0375, found: 369.0362.
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(Z)-2–(5-(3-methoxybenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-
phenylacetamide (I11). A yellow solid, yield 44.0%, m.p. 226–227 �C;
1H NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-phenyl), 7.88
(s, 1H, CH-phenyl), 7.56 (d, J¼ 7.6 Hz, 2H, NH-phenyl-2-HþNH-
phenyl-6-H), 7.50 (t, J¼ 8.2 Hz, 1H, phenyl-5-H), 7.33 (t, J¼ 8.0 Hz,
2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.25 (dd, J¼ 4.0, 2.1 Hz, 2H,
phenyl-2-Hþphenyl-6-H), 7.13 (m, 1H, phenyl-4-H), 7.08 (t,
J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 4.90 (s, 2H, CH2–CONH), 3.84 (s, 3H,
OCH3);

13C NMR (101MHz, DMSO-d6) d 194.0 (s), 167.1 (s), 163.6
(s), 160.2 (s), 138.9 (s), 134.7 (s), 134.1 (s), 131.2 (s), 129.4 (s), 124.2
(s), 123.0 (s), 119.6 (s), 117.7 (s), 116.4 (s), 55.8 (s), 47.2 (s); HRMS
(ESI) [M–H]– calcd for C19H15O3N2S2: 383.0534, found: 383.0519.

(Z)-2–(5-(4-nitrobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phenyl-
acetamide (I12). A yellow solid, yield 53.0%, m.p. 240–241 �C; 1H
NMR (400MHz, DMSO-d6) d 10.45 (s, 1H, CO–NH-phenyl), 8.37 (d,
J¼ 8.9 Hz, 2H, phenyl-3-Hþphenyl-5-H), 8.01 (s, 1H, CH-phenyl),
7.95 (d, J¼ 8.8 Hz, 2H, phenyl-2-Hþphenyl-6-H), 7.55 (d, J¼ 7.6 Hz,
2H, NH-phenyl-2-HþNH-phenyl-6-H), 7.33 (t, J¼ 8.0 Hz, 2H, NH-
phenyl-3-HþNH-phenyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-
H), 4.91 (s, 2H, CH2–CONH);

13C NMR (101MHz, DMSO-d6) d 193.6
(s), 166.9 (s), 163.5 (s), 148.3 (s), 139.4 (s), 138.9 (s), 132.1 (s), 131.2
(s), 129.4 (s), 126.9 (s), 124.9 (s), 124.2 (s), 119.6 (s), 47.3 (s); HRMS
(ESI) [M–H]– calcd for C18H12O4N3S2: 398.0280, found: 398.0264.

(Z)-2-(4-oxo-2-thioxo-5-(4-(trifluoromethyl)benzylidene)thiazolidin-3-
yl)-N-phenylacetamide (I13). A yellow solid, yield 63.0%, m.p.
246–247 �C; 1H NMR (400MHz, DMSO-d6) d 10.45 (s, 1H, CO–NH-
phenyl), 7.99 (s, 1H, CH-phenyl), 7.96� 7.85 (m, 4H, phenyl-2-
Hþphenyl-3-Hþphenyl-5-Hþphenyl-6-H), 7.56 (d, J¼ 7.6 Hz, 2H,
NH-phenyl-2-HþNH-phenyl-6-H), 7.33 (t, J¼ 7.9 Hz, 2H, NH-phe-
nyl-3-HþNH-phenyl-5-H), 7.09 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-H),
4.92 (s, 2H, CH2–CONH);

13C NMR (101MHz, DMSO-d6) d 193.7 (s),
167.0 (s), 163.5 (s), 138.9 (s), 137.2 (s), 132.0 (s), 131.6 (s), 130.6 (d,
2JC–F ¼ 32.0 Hz), 129.4 (s), 126.8 (s), 126.7 (d, 3JC–F ¼ 10.8 Hz),
126.7 (s), 124.9 (d, 1JC–F ¼ 145.7 Hz), 122.9 (s), 119.6 (s), 47.3 (s);
HRMS (ESI) [M–H]– calcd for C19H12O2N2F3S2: 421.0302,
found: 421.0287.

(Z)-2–(5-(4-fluorobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I14). A yellow solid, yield 52.0%, m.p. 273–274 �C; 1H
NMR (400MHz, DMSO-d6) d 10.43 (s, 1H, CO–NH-phenyl), 7.93 (s,
1H, CH-phenyl), 7.78 (dd, J¼ 8.8, 5.4 Hz, 2H, phenyl-3-Hþphenyl-
5-H), 7.55 (d, J¼ 7.6 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H), 7.43
(t, J¼ 8.8 Hz, 2H, phenyl-2-Hþphenyl-6-H), 7.32 (t, J¼ 7.9 Hz, 2H,
NH-phenyl-3-HþNH-phenyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phe-
nyl-4-H), 4.90 (s, 2H, CH2–CONH);

13C NMR (101MHz, DMSO-d6) d
193.9 (s), 167.1 (s), 163.8 (d, 1JC–F ¼ 252.0 Hz), 163.6 (s), 138.9 (s),
133.8 (d, 3JC–F ¼ 8.9 Hz), 133.0 (s), 130.1 (d, 4JC–F ¼ 3.2 Hz), 129.4
(s), 124.2 (s), 122.4 (s), 119.6 (s), 117.3 (d, 2JC–F ¼ 22.1Hz), 47.2 (s);
HRMS (ESI) [M–H]– calcd for C18H12O2N2FS2: 371.0332,
found: 371.0319.

(Z)-2–(5-(4-chlorobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I15). A yellow solid, yield 50.0%, m.p. 305–306 �C; 1H
NMR (400MHz, DMSO-d6) d 10.43 (s, 1H, CO–NH-phenyl), 7.91 (s,
1H, CH-phenyl), 7.72 (d, J¼ 8.6 Hz, 2H, phenyl-2-Hþphenyl-6-H),
7.67� 7.63 (m, 2H, phenyl-3-Hþphenyl-5-H), 7.55 (d, J¼ 7.6 Hz,
2H, NH-phenyl-2-HþNH-phenyl-6-H), 7.32 (t, J¼ 8.0 Hz, 2H, NH-
phenyl-3-HþNH-phenyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-
H), 4.89 (s, 2H, CH2–CONH);

13C NMR (101MHz, DMSO-d6) d 193.8
(s), 167.1 (s), 163.6 (s), 138.9 (s), 136.3 (s), 132.8 (s), 132.7 (s), 132.3

(s), 130.1 (s), 129.4 (s), 124.2 (s), 123.4 (s), 119.6 (s), 47.2 (s); HRMS
(ESI) [M–H]– calcd for C18H12O2N2ClS2: 387.0041, found: 387.0023.

(Z)-2-(5-(4-hydroxybenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I16). A yellow solid, yield 21.0%, m.p. 270–271 �C; 1H
NMR (400MHz, DMSO-d6) d 10.43 (s, 1H, CO–NH-phenyl), 7.81 (s,
1H, CH-phenyl), 7.56 (dd, J¼ 8.1, 6.2 Hz, 4H, NH-phenyl-2-HþNH-
phenyl-6-Hþphenyl-2-Hþphenyl-6-H), 7.32 (t, J¼ 8.0 Hz, 2H, NH-
phenyl-3-HþNH-phenyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-
H), 6.96 (d, J¼ 8.7 Hz, 2H, phenyl-3-Hþphenyl-5-H), 4.88 (s, 1H,
CH2–CONH);

13C NMR (101MHz, DMSO-d6) d 193.9 (s), 167.2 (s),
163.7 (s), 161.3 (s), 138.9 (s), 134.9 (s), 134.0 (s), 129.4 (s), 124.4 (s),
124.1 (s), 119.6 (s), 117.9 (s), 117.2 (s), 47.1 (s); HRMS (ESI) [M–H]–

calcd for C18H13O3N2S2: 369.0375, found: 369.0362.

(Z)-2-(5-(4-isopropylbenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-
phenylacetamide (I17). A yellow solid, yield 53.0%, m.p. 230–231 �C;
1H NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-phenyl), 7.88
(s, 1H, CH-phenyl), 7.62 (d, J¼ 8.3 Hz, 2H, phenyl-2-Hþphenyl-6-
H), 7.56 (d, J¼ 7.6 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H), 7.46
(d, J¼ 8.3 Hz, 2H, phenyl-3-Hþphenyl-5-H), 7.32 (t, J¼ 7.9 Hz, 2H,
NH-phenyl-3-HþNH-phenyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phe-
nyl-4-H), 4.90 (s, 2H, CH2–CONH), 2.97 (dt, J¼ 13.7, 6.9 Hz, 1H,
CH(CH3)2), 1.23 (d, J¼ 6.9 Hz, 6H, CH(CH3)2);

13C NMR (101MHz,
DMSO-d6) d 194.0 (s), 167.2 (s), 163.6 (s), 152.7 (s), 138.9 (s), 134.2
(s), 131.5 (s), 131.1 (s), 129.4 (s), 128.1 (s), 124.2 (s), 121.5 (s), 119.6
(s), 47.2 (s), 34.0 (s), 23.9 (s); HRMS (ESI) [M–H]– calcd for
C21H19O2N2S2: 395.0896, found: 395.0882.

(Z)-2-(5-(4-methoxybenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I18). A yellow solid, yield 31.0%, m.p. 257–258 �C; 1H
NMR (400MHz, DMSO-d6) d 10.43 (s, 1H, CO–NH-phenyl), 7.86 (s,
1H, CH-phenyl), 7.66 (d, J¼ 8.9 Hz, 2H, phenyl-2-Hþphenyl-6-H),
7.56 (d, J¼ 7.7 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H), 7.32 (t,
J¼ 7.9 Hz, 2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.15 (d, J¼ 8.9 Hz,
2H, phenyl-3-Hþphenyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-
H), 4.89 (s, 2H, CH2–CONH), 3.86 (s, 3H, OCH3);

13C NMR (101MHz,
DMSO-d6) d 193.9 (s), 167.2 (s), 163. 7 (s), 162.2 (s), 138.9 (s), 134.3
(s), 133.6 (s), 129.4 (s), 125.9 (s), 124.1 (s), 119.6 (s), 119.3 (s), 115.7
(s), 56.1 (s), 47.2 (s); HRMS (ESI) [MþNa]þ calcd for C19H16O3N2S2:
407.0496, found: 407.0492.

(Z)-2-(5-(4-ethoxybenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I19). A yellow solid, yield 58.0%, m.p. 270–271 �C; 1H
NMR (400MHz, DMSO-d6) d 10.42 (s, 1H, CO–NH-phenyl), 7.86 (s,
1H, CH-phenyl), 7.65 (d, J¼ 8.9 Hz, 2H, phenyl-2-Hþphenyl-6-H),
7.55 (d, J¼ 7.6 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H), 7.32 (t,
J¼ 7.9 Hz, 2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.13 (d, J¼ 8.8 Hz,
2H, phenyl-3-Hþphenyl-5-H), 7.07 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-
H), 4.88 (s, 2H, CH2–CONH), 4.14 (q, J¼ 7.0 Hz, 2H, OCH2CH3), 1.36
(t, J¼ 7.0 Hz, 3H, OCH2CH3);

13C NMR (101MHz, DMSO-d6) d 193.9
(s), 167.2 (s), 163.7 (s), 161.5 (s), 138.92 (s), 134.4 (s), 133.6 (s),
129.4 (s), 125.8 (s), 124.1 (s), 119.6 (s), 119.2 (s), 116.1 (s), 64.2 (s),
47.2 (s), 15.0 (s); HRMS (ESI) [M–H]– calcd for C20H17O3N2S2:
397.0688, found: 397.0675.

(Z)-2-(5-(4-(dimethylamino)benzylidene)-4-oxo-2-thioxothiazolidin-3-
yl)-N-phenylacetamide (I20). A orange solid, yield 48%, m.p.
227–228 �C; 1H NMR (400MHz, DMSO-d6) d 10.41 (s, 1H, NH–CO),
7.73 (s, 1H, CH-phenyl), 7.55 (d, J¼ 8.0 Hz, 2H, NH-phenyl-2-
HþNH-phenyl-6-H), 7.50 (d, J¼ 8.8 Hz, 2H, (CH3CH2)2N-phenyl-2-H
þ (CH3CH2)2N-phenyl-6-H), 7.32 (t, J¼ 7.9 Hz, 2H, NH-phenyl-3-
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HþNH-phenyl-5-H), 7.07 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 6.84 (d,
J¼ 8.6 Hz, 2H, (CH3CH2)2N-phenyl-3-H þ (CH3CH2)2N-phenyl-5-H),
4.87 (s, 2H, N–CH2–CO–NH), 3.46 (q, J¼ 6.9 Hz, 4H, (CH3CH2)2N-
phenyl), 1.14 (t, J¼ 7.0 Hz, 6H, (CH3CH2)2N-phenyl);

13C NMR
(101MHz, DMSO-d6) d 193.3 (s), 167.2 (s), 163.8 (s), 150.4 (s), 139.0
(s), 135.6 (s), 134.2 (s), 129.3 (s), 124.1 (s), 119.7 (s), 119.6 (s), 113.5
(s), 112.4 (s), 47.1 (s), 44.5 (s), 12.9 (s). HRMS (ESI) [MþNa]þ calcd
for C22H23N3O2S2: 448.1124, found: 448.1125.

(Z)-2-(5-(2,4-dichlorobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-
phenylacetamide (I21). A yellow solid, yield 78.0%, m.p. 260–261 �C;
1H NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-phenyl), 7.90
(d, J¼ 5.3 Hz, 2H, CH-phenylþphenyl-3-H), 7.64 (s, 2H, phenyl-5-
Hþphenyl-6-H), 7.54 (d, J¼ 7.6 Hz, 2H, NH-phenyl-2-HþNH-phe-
nyl-6-H), 7.32 (t, J¼ 7.9 Hz, 2H, NH-phenyl-3-HþNH-phenyl-5-H),
7.08 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 4.89 (s, 2H, CH2–CONH);

13C
NMR (101MHz, DMSO-d6) d 193.6 (s), 166.8 (s), 163.5 (s), 138.9 (s),
136.7 (s), 136.2 (s), 131.2 (s), 130.6 (s), 130.3 (s), 129.4 (s), 129.1 (s),
127.5 (s), 126.8 (s), 124.2 (s), 119.6 (s), 47.3 (s); HRMS (ESI) [M–H]–

calcd for C18H12O2Cl2N2S2: 420.9654, found: 420.9634.

(Z)-2-(5-(2-hydroxy-3-methoxybenzylidene)-4-oxo-2-thioxothiazolidin-
3-yl)-N-phenylacetamide(I22). A yellow solid, yield 38%, m.p.
264–265 �C; 1H NMR (400MHz, DMSO-d6) d 10.43 (s, 1H, NH–CO),
10.03 (s, 1H, 2-OH-phenyl), 8.08 (s, 1H, phenyl-CH¼C), 7.55 (d,
J¼ 7.6 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H), 7.32 (t, J¼ 8.0 Hz,
2H, phenyl-5-Hþphenyl-6-H), 7.15 (dd, J¼ 7.8, 1.6 Hz, 1H, NH-phe-
nyl-4-H), 7.08 (t, J¼ 7.4 Hz, 1H, phenyl-4-H), 7.04� 6.92 (m, 2H,
NH-phenyl-3-HþNH-phenyl-5-H), 4.89 (s, 2H, N-CH2-CO-NH), 3.86
(s, 3H, 3-OCH3-phenyl);

13C NMR (101MHz, DMSO-d6) d 194.5 (s),
167.3 (s), 163.7 (s), 148.6 (s), 147.6 (s), 138.9 (s), 129.8 (s), 129.4 (s),
124.1 (s), 121.5 (s), 121.2 (s), 120.6 (s), 120.4 (s), 119.6 (s), 115.2 (s),
56.5 (s), 47.2 (s). HRMS (ESI) [MþNa]þ calcd for C19H16N2O4S2:
423.0444, found: 423.0444.

(Z)-2-(5-(cyclopropylmethylene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I23). A yellow solid, yield 79.0%, m.p. 227–228 �C; 1H
NMR (400MHz, DMSO-d6) d 10.39 (s, 1H, CO–NH-phenyl), 7.54 (d,
J¼ 7.6 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H), 7.32 (t, J¼ 7.9 Hz,
2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.07 (t, J¼ 7.4 Hz, 1H, NH-
phenyl-4-H), 6.68 (d, J¼ 11.0 Hz, 1H, CH-phenyl), 4.82 (s, 2H, CH2-
CONH), 1.65� 1.54 (m, 1H, CH–CH2), 1.22� 1.14 (m, 2H, CH-CH2),
1.05� 0.99 (m, 2H, CH-CH2);

13C NMR (101MHz, DMSO-d6) d 194.4
(s), 165.2 (s), 163.7 (s), 146.6 (s), 138.9 (s), 129.3 (s), 124.1 (s), 122.4
(s), 119.6 (s), 47.0 (s), 16.4 (s), 11.1 (s); HRMS (ESI) [M–H]– calcd for
C15H13O2N2S2: 314.0726, found: 314.0713.

(Z)-2-(5-(furan-2-ylmethylene)-4-oxo-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I24). A yellow solid, yield 82.0%, m.p. 255–256 �C; 1H
NMR (400MHz, DMSO-d6) d 10.42 (s, 1H, CO–NH-phenyl), 8.18 (d,
J¼ 1.6 Hz, 1H, furanyl-3-H), 7.75 (s, 1H, CH-furanyl), 7.54 (d,
J¼ 7.7 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H), 7.32 (t, J¼ 7.9 Hz,
2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.28 (d, J¼ 3.5 Hz, 1H, fur-
anyl-5-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 6.82 (dd, J¼ 3.5,
1.8 Hz, 1H, furanyl-4-H), 4.87 (s, 2H, CH2–CONH);

13C NMR
(101MHz, DMSO-d6) d 194.9 (s), 166.8 (s), 163.7 (s), 150.0 (s), 149.4
(s), 138.9 (s), 129.4 (s), 124.1 (s), 121.4 (s), 119.9 (s), 119.6 (s), 119.3
(s), 114.6 (s), 47.1 (s); HRMS (ESI) [M–H]– calcd for C16H11O3N2S2:
343.0219, found: 343.0206.

(Z)-2–(4-oxo-5-(thiophen-2-ylmethylene)-2-thioxothiazolidin-3-yl)-N-
phenylacetamide (I25). A yellow solid, yield 76.0%, m.p. 277–278 �C;

1H NMR (400MHz, DMSO-d6) d 10.43 (s, 1H, CO–NH-phenyl), 8.20
(s, 1H, CH-thiophen-2-yl), 8.16 (d, J¼ 5.0 Hz, 1H, thiophen-2-yl-3-H),
7.82 (d, J¼ 3.4 Hz, 1H, thiophen-2-yl-5-H), 7.55 (d, J¼ 7.6 Hz, 2H,
NH-phenyl-2-HþNH-phenyl-6-H), 7.38� 7.29 (m, 3H, NH-phenyl-3-
HþNH-phenyl-5-Hþ thiophen-2-yl-4-H), 7.08 (t, J¼ 7.4 Hz, 1H, NH-
phenyl-4-H), 4.88 (s, 2H, CH2–CONH);

13C NMR (101MHz, DMSO-
d6) d 193.0 (s), 166.8 (s), 163.6 (s), 138.9 (s), 138.9 (s), 137.8 (s),
136.8 (s), 135.6 (s), 130.0 (s), 129.4 (s), 127.2 (s), 124.2 (s), 119.9 (s),
119.6 (s), 47.3 (s); HRMS (ESI) [M–H]– calcd for C16H12O2N2S2:
358.9366, found: 358.9377.

(Z)-2-(5-((1H-pyrrol-2-yl)methylene)-4-oxo-2-thioxothiazolidin-3-yl)-N-
phenylacetamide (I26). A yellow solid, yield 79.0%, m.p. 309–310 �C;
1H NMR (400MHz, DMSO-d6) d 10.42 (s, 1H, CO–NH-phenyl), 7.74
(s, 1H, CH-1H-pyrrol-2-yl), 7.55 (t, J¼ 7.4 Hz, 2H, NH-phenyl-2-
HþNH-phenyl-6-H), 7.43� 7.38 (m, 1H, 1H-pyrrol-2-yl-5H),
7.37� 7.29 (m, 3H, NH-phenyl-3-HþNH-phenyl-5-Hþ 1H-pyrrol-2-
yl-NH), 7.07 (t, J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 6.67 (s, 1H, 1H-pyr-
rol-2-yl-3H), 6.45 (dd, J¼ 3.8, 2.0 Hz, 1H, 1H-pyrrol-2-yl-4H), 4.87 (s,
2H, CH2–CONH);

13C NMR (101MHz, DMSO-d6) d 193.2 (s), 167.0
(s), 163.8 (s), 138.9 (s), 129.4 (s), 129.3 (s), 129.2 (s), 127.8 (s), 124.1
(s), 119.6 (s), 116.3 (s), 113.7 (s), 113.7 (s), 47.1 (s). HRMS (ESI)
[MþH]þ calcd for C16H13N3O2S2: 342.0376, found: 342.0380.

(Z)-2-(5-(cyclohex-2-en-1-ylmethylene)-4-oxo-2-thioxothiazolidin-3-yl)-
N-phenylacetamide (I27). A yellow solid, yield 52.0%, m.p.
171–172 �C; 1H NMR (400MHz, DMSO-d6) d 10.41 (s, 1H, CO–NH-
phenyl), 7.54 (d, J¼ 7.6 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H),
7.32 (t, J¼ 7.9 Hz, 2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.07 (t,
J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 7.01 (d, J¼ 9.6 Hz, 1H, CH-phenyl),
4.88 (s, 2H, CH2–CONH), 5.77� 5.64 (m, 1H, cyclohex-2-en-1-yl-1-
H), 2.54� 2.42 (m, 2H, cyclohex-2-en-1-yl-4-H), 2.22� 2.01 (m, 4H,
cyclohex-2-en-1-yl-5-Hþ cyclohex-2-en-1-yl-6-H), 1.82� 1.73 (m,
1H, cyclohex-2-en-1-yl-3-H), 1.67� 1.53 (m, 1H, cyclohex-2-en-1-yl-
2-H); 13C NMR (101MHz, DMSO-d6) d 194.5 (s), 165.8 (s), 163.6 (s),
143.6 (s), 138.9 (s), 129.3 (s), 127.4 (s), 125.2 (s), 124.1 (s), 119.6 (s),
47.1 (s), 37.4 (s), 29.3 (s), 26.8 (s), 23.9 (s); HRMS (ESI) [M–H]– calcd
for C18H18O2N2S2: 357.0740, found: 357.0726.

(Z)-2-(4-oxo-5-(pyridin-2-ylmethylene)-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I28). A yellow solid, yield 83.0%, m.p. 315–316 �C; 1H
NMR (400MHz, DMSO-d6) d 10.42 (s, 1H, CO–NH-phenyl), 8.83 (s,
1H, CH-phenyl), 7.95 (d, J¼ 22.0 Hz, 3H, pyridin-2-yl-3-Hþpyridin-
2-yl-5-Hþpyridin-2-yl-6-H), 7.61� 7.43 (m, 3H, NH-phenyl-2-
HþNH-phenyl-6-Hþpyridin-2-yl-4-H), 7.32 (t, J¼ 7.4 Hz, 2H, NH-
phenyl-3-HþNH-phenyl-5-H), 7.07 (t, J¼ 7.0 Hz, 1H, NH-phenyl-4-
H), 4.89 (s, 2H, CH2–CONH);

13C NMR (101MHz, DMSO-d6) d 200.4
(s), 167.2 (s), 163.8 (s), 151.5 (s), 150.1 (s), 138.9 (s), 138.3 (s), 129.6
(s), 129.4 (s), 128.9 (s), 127.0 (s), 124.8 (s), 124.1 (s), 119.6 (s), 46.8
(s); HRMS (ESI) [MþH]þ calcd for C17H13O2N3S2: 356.0519,
found: 356.0522.

(Z)-2-(4-oxo-5-(pyridin-4-ylmethylene)-2-thioxothiazolidin-3-yl)-N-phe-
nylacetamide (I29). A yellow solid, yield 66.0%, m.p. 285–286 �C; 1H
NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-phenyl), 8.76 (dd,
J¼ 4.5, 1.6 Hz, 2H, pyridin-4-yl-2-Hþpyridin-4-yl-6-H), 7.87 (s, 1H,
CH-phenyl), 7.61 (dd, J¼ 4.7, 1.5 Hz, 2H, pyridin-4-yl-3-Hþpyridin-
4-yl-5-H), 7.55 (d, J¼ 7.6 Hz, 2H, NH-phenyl-2-HþNH-phenyl-6-H),
7.32 (t, J¼ 7.9 Hz, 2H, NH-phenyl-3-HþNH-phenyl-5-H), 7.08 (t,
J¼ 7.4 Hz, 1H, NH-phenyl-4-H), 4.90 (s, 2H, CH2–CONH);

13C NMR
(101MHz, DMSO-d6) d 193.6 (s), 166.9 (s), 163.5 (s), 151.3 (s), 140.2
(s), 138.9 (s), 130.9 (s), 129.4 (s), 127.7 (s), 124.2 (s), 119.7 (s), 47.3
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(s); HRMS (ESI) [M–H]– calcd for C17H13O2N3S2: 354.0371,
found: 3545.0372.

(Z)-2-(5-benzylidene-4-oxo-2-thioxothiazolidin-3-yl)-N-(3-methoxyphe-
nyl)acetamide (I30). A yellow solid, yield 63.0%, m.p. 251–252 �C; 1H
NMR (400MHz, DMSO-d6) d 10.45 (s, 1H, CO–NH-3-OCH3-phenyl),
7.91 (s, 1H, CH-phenyl), 7.70 (dd, J¼ 8.0, 1.3 Hz, 2H, phenyl-2-
Hþphenyl-6-H), 7.63� 7.52 (m, 3H, phenyl-3-Hþphenyl-5-Hþ 3-
OCH3-phenyl-2-H), 7.29� 7.18 (m, 2H, 3-OCH3-phenyl-6-Hþ 3-
OCH3-phenyl-4-H), 7.07 (dd, J¼ 8.1, 1.0 Hz, 1H, phenyl-4-H), 6.67
(dd, J¼ 8.2, 2.0 Hz, 1H, 3-OCH3-phenyl-4-H), 4.89 (s, 2H, CH2-
CONH), 3.72 (s, 3H, 3-OCH3-phenyl);

13C NMR (101MHz, DMSO-d6)
d 194.1 (s), 167.1 (s), 163.7 (s), 160.0 (s), 140.1 (s), 134.2 (s), 133.3
(s), 131.7 (s), 131.2 (s), 130.2 (s), 130.1 (s), 122.6 (s), 111.8 (s), 109.8
(s), 105.2 (s), 55.5 (s), 47.2 (s); HRMS (ESI) [MþH]þ calcd for
C19H16N2O3S2: 385.0675, found: 385.0667.

(Z)-2-(5–(4-fluorobenzylidene)-4-oxo-2-thioxothiazolidin-3-yl)-N-(3-
methoxyphenyl)acetamide (I31). A yellow solid, yield 45.2%, m.p.
260–261 �C; 1H NMR (400MHz, DMSO-d6) d 10.45 (s, 1H, CO–NH-3-
OCH3-phenyl), 7.93 (s, 1H, CH-4-F-phenyl), 7.78 (dd, J¼ 8.8, 5.4 Hz,
2H, 4-F-phenyl-2-Hþ 4-F-phenyl-6-H), 7.44 (t, J¼ 8.8 Hz, 2H, 4-F-
phenyl-3-Hþ 4-F-phenyl-5-H), 7.27� 7.20 (m, 2H, 3-OCH3-phenyl-2-
Hþ 3-OCH3-phenyl-6-H), 7.07 (dd, J¼ 7.9, 1.1 Hz, 1H, 3-OCH3-phe-
nyl-5-H), 6.67 (dd, J¼ 8.1, 2.2 Hz, 1H, 3-OCH3-phenyl-4-H), 4.89 (s,
2H, CH2–CONH), 3.72 (s, 3H, 3-OCH3-phenyl);

13C NMR (101MHz,
DMSO-d6) d 193.9 (s), 167.1 (s), 163. 8 (d, J¼ 252.1 Hz), 163.6 (s),
160.0 (s), 140.1 (s), 133.8 (d, J¼ 9.0 Hz), 133.1 (s), 130.2 (s), 130.1
(s), 130.1 (d, J¼ 3.1 Hz), 117.3 (d, J¼ 22.1 Hz), 111.8 (s), 109.8 (s),
105.2 (s), 55.5 (s), 47.2 (s); HRMS (ESI) [MþNa]þ calcd for
C19H15FN2O3S2: 425.0400, found: 425.0400.

(Z)-2–(5-(cyclopropylmethylene)-4-oxo-2-thioxothiazolidin-3-yl)-N-(3-
methoxyphenyl)acetamide (I32). A yellow solid, yield 71.2%, m.p.
195–196 �C; 1H NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-3-
OCH3-phenyl), 7.27 (dt, J¼ 16.3, 5.1 Hz, 2H, 3-OCH3-phenyl-2-Hþ 3-
OCH3-phenyl-6-H), 7.10 (dd, J¼ 8.1, 0.9 Hz, 1H, 3-OCH3-phenyl-5-
H), 6.74� 6.64 (m, 2H, 3-OCH3-phenyl-4-H þ CH-cyclopropyl), 4.85
(s, 2H, CH2–CONH), 3.75 (s, 3H, 3-OCH3-phenyl), 1.67� 1.55 (m, 1H,
cyclopropyl-1-H), 1.26� 1.18 (m, 2H, cyclopropyl-3-H), 1.09� 1.02
(m, 2H, cyclopropyl-2-H); 13C NMR (101MHz, DMSO-d6) d 194.3 (s),
165.2 (s), 163.7 (s), 160.0 (s), 146.6 (s), 140.1 (s), 130.2 (s), 122.4 (s),
111.8 (s), 109.7 (s), 105.2 (s), 55.4 (s), 46.9 (s), 16.4 (s), 11.1 (s);
HRMS (ESI) [MþNa]þ calcd for C16H16N2O3S2: 371.0495,
found: 371.0497.

(Z)-2–(5-(furan-2-ylmethylene)-4-oxo-2-thioxothiazolidin-3-yl)-N-(3-
methoxyphenyl)acetamide (I33). A yellow solid, yield 71.2%, m.p.
221–222 �C; 1H NMR (400MHz, DMSO-d6) d 10.48 (s, 1H, CO–NH-
furanyl), 8.21 (d, J¼ 1.6 Hz, 1H, furan-2-yl-5-H), 7.79 (s, 1H, CH-
furan-2-yl), 7.33� 7.22 (m, 3H, 3-OCH3-phenyl-2-Hþ furan-2-yl-3-
Hþ furan-2-yl-4-H), 7.14� 7.09 (m, 1H, 3-OCH3-phenyl-6-H), 6.86
(dd, J¼ 3.5, 1.8 Hz, 1H, 3-OCH3-phenyl-5-H), 6.70 (dd, J¼ 8.2,
2.0 Hz, 1H, 3-OCH3-phenyl-4-H), 4.91 (s, 2H, CH2–CONH), 3.76 (s,
3H, 3-OCH3-phenyl);

13C NMR (101MHz, DMSO-d6) d 194.9 (s),
166.8 (s), 163.7 (s), 160.0 (s), 150.0 (s), 149.4 (s), 140.1 (s), 130.2 (s),
121.4 (s), 119.9 (s), 119.3 (s), 114.6 (s), 111.8 (s), 109.7 (s), 105.2 (s),
55.4 (s), 47.1 (s); HRMS (ESI) [MþNa]þ calcd for C17H14N2O4S2:
397.0287, found: 397.0289.

(Z)-N-(3-methoxyphenyl)-2–(4-oxo-5-(thiophen-2-ylmethylene)-2-thio-
xothiazolidin-3-yl)acetamide (I34). A yellow solid, yield 48.2%, m.p.

243–244 �C; 1H NMR (400MHz, DMSO-d6) d 10.44 (s, 1H, CO–NH-
thiophen-2-yl), 8.20 (s, 1H, CH-furan-2-yl), 8.17 (d, J¼ 5.0 Hz, 1H,
thiophen-2-yl-5-H), 7.82 (d, J¼ 3.6 Hz, 1H, thiophen-2-yl-3-H), 7.36
(dd, J¼ 5.0, 3.8 Hz, 1H, thiophen-2-yl-4-H), 7.27� 7.19 (m, 2H, 3-
OCH3-phenyl-2-Hþ 3-OCH3-phenyl-6-H), 7.07 (dd, J¼ 8.0, 1.1 Hz,
1H, 3-OCH3-phenyl-5-H), 6.66 (dd, J¼ 7.9, 2.3 Hz, 1H, 3-OCH3-phe-
nyl-4-H), 4.87 (s, 2H, CH2–CONH), 3.72 (s, 3H, 3-OCH3-phenyl);

13C
NMR (101MHz, DMSO-d6) d 192.9 (s), 166.8 (s), 163.7 (s), 160.0 (s),
140.1 (s), 137.8 (s), 136.8 (s), 135.6 (s), 130.2 (s), 129.9 (s), 127.3 (s),
119.8 (s), 111.8 (s), 109.8 (s), 105.2 (s), 55.5 (s), 47.3 (s); HRMS (ESI)
[MþH]þ calcd for C17H14N2O3S3: 413.0059, found: 413.0066.
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