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Abstract

A series of 35 heteroarylimino-1,3-thiazolidinones with three sites of functionalization were
synthesized and their antiproliferative properties were studiediniigo screening by MTT

assay was performed against five cancer cell lines (human colon cancer cell lines HT29,
HCT116 and SW620 and breast cancer cell lines MCF7 and MDA-MB-231). It was observed
that N3-substituted thiazolidinones had moderate activities whereas 5-benzylidene
thiazolidinones showed promising activities. To investigate the mechanism of action, detailed
biological studies of six selected compounds (those presenting the lower mitotic index) were
carried out on the human colon cancer HT29 cell line. Cell cycle assay revealed that those
compounds induced cell accumulation in G2/M and in subG0/G1 phases of cell cycle.
Moreover, dissipation of mitochondria membrane potential was observed as well as redox
changes in treated cells.



1. Introduction

Colon cancer is one of the most frequent cancer diseases in the world. Most popular anti-
cancer drugs belong to molecule groups which interfere with the progression of tumour cell
through cell cycle progression by limiting DNA synthesis or DNA damage reparation. In
addition, another group of drugs consists in the inhibition either of the formation of mitotic
spindle or in protein function, especially protein activity, involved in these mechafiisms
Other strategies consist in the development of chemotherapeutic drugs which inhibit G2/M
transition concomitantly with apoptosis cell death, such as thiazolidinone derivatives [2].
Thiazolidinone moiety belongs to an important family of heterocyclic scaffold presenting
diverse biological activities such as antimicrobial [3], antidiabetic [4] or anticonvulsant [5].
This scaffold has attracted continuing interest over the years [Bspgcially, 2-imino-4-
thiazolidinones have also been investigated for their pharmacological properties. For example,
darbufelone has showed anti-inflammatory activity [8], whereas 2-heteroarylimino-1,3-
thiazolidin-4-ones, especially thiazolylimino- and benzothiazolylimino- derivatives, were
described as antifungal or antibacterial compounds [9, 10]. 5-Benzylidene-2-phenylimino-1,3-
thiazolidin-4-ones were reported for their anticancer activity [11] and a complete SAR study
was realized on their anti-tumour activity against non-small cell lung cancer cell line H460
and its paclitaxel-resistant variant H4R (Fig. 1) [12]. 2-Phenylimino-5-(3-
methoxybenzylidene)-3-propyl-1,3-thiazolidin-4-ole was proved to induce cell growth
arrest after human colon adenocarcinoma-derived HT29 cells exposure for gh=(IC
64.1uM) [13]. Recently thiazolidin-4-onéd substituted with indolin-2-one fragment were
evaluated against four human cancer cells as HT29, human gastric H460, mammary
adenocarcinoma-derived MDA-MB-231 and sarcoma-derived SMMC-7721 cells, and the
compounds showed promising antiproliferative activity [14].

Novel 2-(heteroarylimino)-1,3-thiazolidin-4-onedV  with three different sites of
functionalization were synthesized and tested for their antiproliferative effect against human
colon and breast cancer—derived cells by MTT assay. Based on this first screening, several
molecules were selected to investigate their mechanism of action. Especially, cell cycle
distribution, induction of apoptosis and redox changes were studied.

2. Results and discussion
2.1. Chemistry

A first series of six 2-[5-aryl-3-thienyl]imino-1,3-thiazolidin-4-onés6 were synthesized
according to the synthetic pathway described in Scheme 1. 3-Aminothiophenes were reacted
with chloroacetyl chloride and then with ammonium thiocyanate [15]. A second series of



compounds4(a-l) were synthesized starting fro#) the most active compound of the first
series. For this purpose, derivati¢ewas condensed with several aldehydes in presence of
pyrrolidine in methanol (Scheme 1 and Supporting Information S1.1).

To test effect of nitrogen N3 substitution on antiproliferative activity, the synthesis of a third
series of compounds was carried out using two different pathways highlighted in Scheme 2.
Firstly, 3-aminothiophenes were converted into the corresponding isothiocyanates. Those
compounds were then either condensed with p-anisidine to give the corresponding thioureas
which were reacted with ethyl chloroacetate and cyclized to led comp@ttitisteps b and

c in Scheme 2|16] or isothiocyanates were condensed with chloroacetamides in basic media
to allow formation of compound$2-17 (step d in Scheme 2 and Supporting Information
S1.2).

Finally, variation was made on heteroarylimino moiety. Derivath@<4 9 were synthesized
starting from 3-aminoselenophene [17] and aminothiazole. Those thiazolidinones were then
modified by introducing substituents on position 5 to give deriva@24 (Scheme 3 and
Supporting Information S1.3).

2.2. Biological results
2.2.1. In-vitro cytotoxicity

Using the MTT method, antiproliferative activity of synthesized compounds was evaluated
against human colon cancer cell lines (HT29, HCT116 and SW620) and breast cancer cells
(MCF7 and MDA-MB-231). Among compoundsé6 (Table 1), compound inhibited HT29

cell growth with an 1G, estimated at 17.1 + 7.2 uM but had however no effect on the other
cell lines used (16> 50uM). It should also be noted that compout® selenophene
analogue of compound, displayed no cytotoxicity whatever the cell line tested (Table 1)
whereas compound9, thiazole analogue of compourdd showed moderate anticancer
activity against HT29 and HCT116 cells §iGralues estimated at 8.9 + 2.1 pM and 23.8 +

6.8 UM, respectively).

Derivatives 4 (a-l), obtained starting fromptesented diverse subtitutions at 5-position of the
thiazolidine ring (Scheme 2 and Table 1). With exception of derivatigeand4i (bearing
respectively 4-hydroxybenzylidene and heptylidene), all those compounds were more potent
than4 (IC5,< 12 uM on HT29 cells). 4-Methoxybenzyliderdb), 4-methylbenzylidene4(),
4-chlorobenzylidene 4@d), 4-dimethylaminobenzylidene4€), 4-bromobenzylidene4f), 2-
naphtylidene 4h) and 4-fluorobenzylidene4l) substitutions gave the higher cell growth
inhibitory effect. Similar results were obtained when the experiments were performed with the
other cell lines with some exceptions: SW620 cell exposure to compdbraisd4h led to

ICs5 estimated at 28.1 + 12.4 and > 50 uM, respectively. A similgyw@s calculated when



HT29 (11.5 £ 7.0 uM) or MDA-MB-231cells (10.9 £ 0.5 uM) were treated with compound
4j, but higher IGyvalues were obtained when the other cell lines were tested.

Compounds/-17 presenting diverse substitutions on N3 of the thiazolidinone ring were also
evaluated (Scheme 2 and Table 1). With the exception of comp@utiee synthesized
derivatives were less efficient to alter colorectal or mammary cell growth than compounds
4(a-l).

Finally, derivatives20-24, synthesized starting froh®, were evaluated for their respective
cytotoxicity (Scheme 3 and Table 1).siGvalues were at the micromolar range after cell
exposure to compound&)-22. Similar results were obtained when cells were exposed to
compound23, with the exception of SW620 cells = 20.3 £ 2.8 uM). In addition,
treatment with compound4 was efficient to inhibit HT29 and HCT116 cell growth, but it
had no effect when the other cell lines were usegh I@lues were however greater than those
obtained for compound&0-22 (Table 1).

Collectively, compoundsgl(a-l) and 20-23 reduced colorectal cell growth. Some of those
compounds were selected to further investigate mechanisms of HT29 cell death.

2.2.2. Cél cycle assay

To confirm results obtained by MTT procedure, HT29 cells were treated with each compound
at concentration corresponding tos¢Gralue over three days with daily medium changes.
Cells were counted by the Trypan blue method. In these conditions, cell growth inhibition
reached 90 % when cells were exposed to compodbddc, 4e or 4k (Fig. 2A). Lower
inhibitions were obtained with compouAd (25%),4f (25%),4h (50%),4j (40%),4l (25%)

or 9 (50%). However, when HT29 cells were treated with compoRg8d&3at concentration
corresponding to 165 value, cell growth inhibition was less than 25% (Fig. 2B). HT29 cells
were therefore treated with 1-10 uM of each compound (Fig. 2B). In these experimental cell
culture conditions, cell growth inhibition reached 90 %, when HT29 cells were exposed to 2.5
MM of compound20 or22. Growth inhibition was estimated at 40% after cell exposure to
10uM of compoun@l (Fig. 2B). When cells were treated with compo@8dless than 5 %

cell growth inhibition was observed whatever the concentration tested (not shown).

Cell growth kinetic curves were further established and HT29 cell viability was tested by flow
cytometry after treatment with compoudd, 4c, 4e or 4k over three days (Fig. 3A). Each
compound altered dramatically cell growth and levels of living cells decreased concomitantly
(Fig. 3B). Similar results were obtained after treatment with 2.5 uM of comp@rmal 22

(Fig. 3C and 3D) but the effect on cell viability was lower as compared to the results obtained
with compound derivatives suggesting that those compounds had rather a cytostatic impact
on HT29 growth.



Cell distribution in cell cycle phases after cell exposure to each compound was analyzed. Cell
accumulation in G2/M phase was found after cell exposure to comptyntt, 4e or 4k

(Table 2). When HT29 cells were treated with compao2dar22, cells accumulated slightly

in G2/M phase. Interestedly, cell exposure to compelmdc, 4e 4k, 20 or22 involved cell
accumulations in sub-G1 fraction, supporting that each treatment triggered cells to apoptosis
cell death (Table 2). Moreover, it was observed by the use of DAPI probe loaded on treated
cell layers that chromatin condensation and nuclear fragmentation occurred in treated cells
(Supporting Information S2). Cell death was associated also with the loss of mitochondrial
membrane potentially,) as demonstrated by the absence of J-aggregates when HT29 cells
were exposed to each compound together with JC-1 fluorescent probe (Supporting
Information S2).

Since IGy was near or less than 10 uM (Table 1), impact of compodadd, 4j and9 was

also studiedFig. 2A). In brief, whatever the molecule tested, cell exposure to each compound
was not associated to cell accumulation in sub-G1 fraction. Cell treatment with condaound

4f or 4j increased cell distribution in S-phase of cell cycle whereas cells accumulated slightly
in GO/G1 after exposure to compoudCollectively, those results suggested that molecule
treatment was associated rather to cytostatic cell growth arrest.

2.2.3. Changesin redox statut

Oxidative stress is related to the induction of autophagy, the cell defence against cell injury.
Ultimately, activation of autophagy process is linked to cell death in association or not with
apoptosis [18, 19]. As oxidative stress induces apoptosis [20], ROS and RNS levels were
guantified in cells exposed to thiazolidin-4-one derivativesibde 4k, 20 or 22.

Fluorescent probe DCF-2DA was used to quantify any change in ROS levels after cell
exposure to thiazolidin-4-one derivatives over 6 hours (Fig. 4). ROS levels reached a peak
one hour after compoungb treatment (Fig. 4A). ROS levels increased with the maximum
reached at 4 hours and they decreased over 6 hours to ROS content found in DMSO-treated
cells. A similar situation was obtained when cells were exposed to comg&uiadit ROS

levels reached a peak 30 min after drug treatment. Compdanideatment increased
gradually ROS production and reached maximum at 4 hours; ROS levels decreased slightly
thereafter. It was similar to that obtained when HT29 cells were treated with compound
Similar ROS production curve was observed when cells were exposed to con20oiR@S

levels reached a peak at 3 hours whereas compiziddl not alter ROS content within the

cells over 6 hours-treatment duration (Fig. 4B).

DAF-2DA detects reactive oxygen- and nitrogen-derived species and notably nitric oxide.
DHR123 probe is used to detect peroxynitryl radical. As shown in table 3 and with the
exception of compound 22, each compound treatment involved the production of RNS species
detected by DAF-2DA probe. In addition slight but significant decreases of peroxynitryl



radical levels were obtained when cells were treated with compgéiondic, 4e, 4k or 22,
whereas peroxynitryl content increased after cell exposure to compound 20 (Table 3).

Since thiazolidin-4-one derivative treatment induced the production of reactive species with
the exception of compoun2?, the cytoplasmic GSH content was quantified as it is often
depleted in the presence of an excess of reactive species (Table 3). GSH content was
decreased up to 30 % when cells were exposed to comptumdereas 10-15%-GSH
decreases were obtained after cell exposure to compouradgde In contrast, there was no
significant change in GSH levels in cell homogenates treated with compturd 20.

Finally, pre-treatment with ascorbic acid, an antioxidant, protected cells against stress injury
but it did not rescue HT29 cell growth (Table 4) supporting that the oxidative stress observed
was not solely involved in cell death observed.

Moreover, generation of reactive species could activate the NF-2E related factor 2/Kelch like-
ECH-associated protein 1 (Nrf2/Keapl) pathway, involved to protect cells against oxidative
stress [21]. Activation of the Nrf2/Keapl pathway leads to the stabilization of Nrf2 which
translocates in nuclei and binds to Maf protein. The complex, after binding to specific DNA
sequence, defined as antioxidant response element localised in the promoter of Nfr2/Maf
target genes, increases the transcription of genes involved in reactive species-mediated
response such as Heme Oxygen-1 (HO-1), NADH quinone oxidase-1 (NQOL1) or glutamyl-
cysteyl ligase (GCL). As shown in figures 4C and 4D, HT 29 treatment with derivdtves

and 4d did not induced HO-1 expression. In contrast, NQO-1 and GCL expression were
increased supporting that other pathways could regulate the expression of the enzymes as
described previously [22, 23]. However, the increases of GCL expression, which is the rate-
limiting enzyme in the synthesis of GSH, correlated well with the decreases of GSH levels
observed when cells were treated with thiazolidin-4-one derivadigesd4e (Table 3 and

Fig. 4C). Similarly, cell exposure to derivativik did not affect GSH content and GCL
expression stayed constant (Table 3 and Fig. 4D). Finally, the distribution of Nrf2 protein by
cell fractionation was also studied. However, Nfr2 protein levels were not increased in nuclei
homogenates prepared from treated cells over 6 hours. Similar iesegtsabsence of Nrf2
translocation and no increase of HO-1, NQO-1 or GCL respective expression, were obtained
when HT29 cells were treated with compoudbts4de 20 and22 (Supporting Information S3

and S4).

2.2.4. Autophagy detection

As cell growth arrest and redox changes in treated cells have been observed, autophagy
detection was realized. As shown in figure 5A, acidic vesicles contents were increased within
HT29 treated cells over two days, as demonstrated by the use of acridine orange dye.
Moreover, beclin-1 expression, a marker of autophagosome formation, was induced after cell
exposure to each molecule (Fig. 5B). Thus, our results supported that HT29 exposure to



thiazolidin-4-one derivatives was associated with autophagy process. However, it could not be
concluded whether autophagy process results in HT29 cell apoptosis cell death or whether
compound treatment is associated to autophagy cell death as previously discussed [24].

3. Conclusions

35 Thiazolidinone derivatives were tested for their antiproliferative activity against a panel of
five cancer cell lines. It was shown that substitution with an aryl group on N3 of
thiazolidinone ring reduced dramatically the anti-cancer activity whereas substitution by a
benzylidene group on position 5 is really important. Especially, it was found that compounds
with a p-methoxybenzylidenetlf), p-methylbenzylidene4f), p-dimethylaminobenzylidene

(4e) and 3,4-dimethoxybenzylidenék) enhanced the impact on HT29 cell growth arrest. For
these compounds, cell underwent apoptosis cell death after cell accumulation in G2/M phase
of the cell cycle, as described previously with another thiazolidinone derivative. On the other
hand, it was demonstrated that cell exposure to the selected compound was associated with
the production of reactive species, and the induction of autophagy which could lead to cell
death [24]. Of note, increasing the production of reactive species represents also an alternative
among the chemotherapeutic strategies against cancer cells (for review, [25]). Therefore,
further studies are needed to decipher cell death mechanism involved in HT29 cell exposed to
the selected thiazolidin-4-one derivatives.

4, Experimental

4.1. Chemistry

All solvents were of reagent grade and, when necessary, were purified and dried by standard
methods. All chemicals were purchased from Acros or Sigma-Aldrich. All reactions were
routinely checked by TLC analysis on an Alugram SIL G#ki\\Macherey-Nagel) with spots
visualized by UV light. The concentration of solutions after reactions and extractions involved
the use of a rotary evaporator operating at reduced pressure. Organic solutions were dried
over anhydrous magnesium sulfate, and column chromatography was performed using silica
gel 60 (50-200 um diameter). Melting points were determined in open capillaries on a Stuart
SMP3 apparatus and are uncorrected. *Fhand**C NMR spectra were measured on an AC
Bruker 250 MHz spectrometer in CDGr DMSO-@; chemical shifts are reported in parts

per million (ppm). All coupling constants)(are given in Hz. MS spectra were recorded on an
Agilent Technologies GC-MS instrument equipped with a 7683 injector, 6890N gas
chromatograph and a 5973 mass selective detector. The mass spectrometer was operated in El
mode at 70 eV, and MS spectra were recorded from m/z 50 to 650. Elemental analyses (C, H,
N, S) were used to confirm the purity of all compounds (>95%) and were performed on a
CHN ThermoScientific Flash 2000 apparatus.

Thienyliminothiazolidinoned-6 and their N-methoxyphenyl derivativ@s11 were obtained
via already reported procedures respectively [15] and [16].

4.1.1. General method for the functionalization of 5-position of the thiazolidinone.
Access to compounds 4(adhd 20-24



Thiazolidinone4 or 19 (0.5 mmol) was dissolved in methanol (20 mL) and pyrrolidine (0.5
mmol) was added. The corresponding aldehyde (0.5 mmol) was added under stirring and the
mixture was refluxed overnight. After cooling to room temperature, the precipitating product
was filtered, washed with methanol (10 mL) and diethyl ether (10 mL), and dried.

It must be noted thafC NMR of some following products can not be performed due to their
low solubility.

4.1.2. 2-{[5-(4-Chlorophenyl)-3-thienyl] imino}-5-benzylidene-1,3-thiazolidin-4-one (4a)

Yellow solid ; yield : 56% ; mp 269°C'*H NMR (DMSO-ds) 17.18 (s, 1 H, CH), 7.40 (s, 1

H, CH), 7.45-7.78 (m, 10 H, 10 x CH), 12.11 (s, 1 H, NK, NMR (DMSOds) 5¢c 112.8,

118.3, 121.1, 126.8, 129.1, 129.2, 129.6, 129.8, 130.6, 131.9, 132.2, 132.4, 133.3, 133.8,
141.1, 141.8; HRMS (ESI) m/z calcd for [GoH1sCIN,OS, + HJ : 397.0231 ; found :
397.0256.

4.1.3. 2-{[5-(4-Chlorophenyl)-3-thienyl] imino}-5-(4-methoxybenzylidene)-1,3-
thiazolidin-4-one (4b)

Yellow solid ; yield : 75% ; mp 285°C*H NMR (DMSO-ds) 84 3.77 (s, 3 H, OCH), 7.03-

7.16 (m, 3 H, 3 x CH), 7.39-7.77 (m, 8 H, 8 x CH) , 12.17 (s, 1 H, &FB)NMR (DMSO-

ds) 6c 55.3, 114.8, 120.9, 126.8, 126.9, 129.1, 129.2, 129.7, 130.9, 131.5, 131.7, 131.9, 132.2,
132.4, 132.6, 141.8, 160.6; HRMS (ESHvz calcd for [G1H1sCIN2O,S, + H]" : 427.0336 ;

found : 427.0354.

4.1.4. 2-{[5-(4-Chlorophenyl)-3-thienyl] imino}-5-(4-methyl benzylidene)-1,3-thiazolidin-
4-one (4c)

Yellow solid ; yield : 69% : mp 284°C*H NMR (DMSO-dg) 12.31 (s, 3 H, Ch), 7.17 (s, 1
H, CH), 7.27-7.52 (m, 7 H, 7 x CH), 7.58-7.77 (m, 3 H, 3 x CH) , 12.26 (s, 1 H, NH); HRMS
(ESI) : m/z caled for [GiH1sCIN,OS, + H]" : 411.0387 ; found : 411.0402.

4.1.5. 2-{[5-(4-Chlorophenyl)-3-thienyl] imino}-5-(4-chlor obenzylidene)-1,3-thiazolidin-
4-one (4d)

Pale Brown solid ; yield : 71% ; mp 282°¢H NMR (DMSO-dg) 817.16 (s, 1 H, CH), 7.39-
7.77 (m, 10 H, 10 x CH) , 12.27 (s, 1 H, NH); HRMS (EStyz calcd for [GoH12CI.N.OS,
+ H]" : 430.9841 ; found : 430.9844.

4.1.6. 2-{[5-(4-Chlorophenyl)-3-thienyl] imino}-5-(4-dimethylaminobenzylidene)-1,3-
thiazolidin-4-one (4€)

Orange solid ; yield : 79% ; mp 288°CH NMR (DMSO-dg) 811 2.96 (s, 6 H, 2 x C}J, 6.75-
6.84 (m, 2 H, 2 x CH), 7.15 (s, 1 H, CH), 7.36-7.71 (m, 8 H, 8 x CH) , 12.02 (s, 1 H, NH);
HRMS (ESI) : mvz calcd for [@H1eCIN3OS, + H]' : 440.0653 ; found : 440.0655.

4.1.7. 2-{[5-(4-Chlorophenyl)-3-thienyl] imino}-5-(4-bromobenzylidene)-1,3-thiazolidin-
4-one (4f)

Green solid ; yield : 68% ; mp 298°CH NMR (DMSO-dg) 817.16 (s, 1 H, CH), 7.39 (s, 1 H,
CH), 7.45-7.77 (m, 9 H, 9 x CH), 12.33 (s, 1 H, NH); HRMS (EShvz calcd for
[ConlzBrC|NzoSZ + H]+ :476.9315 ; found : 476.9322.



4.1.8. 2-{[5-(4-Chlorophenyl)-3-thienyl] imino}-5-(4-hydroxybenzylidene)-1,3-
thiazolidin-4-one (49)

Green solid ; yield : 76% ; mp 253°CH NMR (DMSO-dg) 5146.84-6.92 (m, 2 H, 2 x CH),

7.13 (s, 1 H, CH), 7.38-7.70 (m, 8 H, 8 x CH) , 12.33 (s, 1 H, Mi@)NMR (DMSOds) 8¢

112.4, 116.2, 118.8, 121.0, 124.2, 124.6, 126.8, 129.1, 130.1, 131.8, 132.0, 132.2, 132.4,
141.0, 141.7, 159.3; HRMS (ESIv/z calcd for [GoH13CIN2O,S, + H]" : 413.0180 ; found :
413.0218.

4.1.9. 2-{[5-(4-Chlorophenyl)-3-thienyl] imino}-5-(2-naphtylidene)-1,3-thiazolidin-4-one
(4h)

Yellow solid ; yield : 89% ; mp 288°C*H NMR (DMSO-dg) 847.21 (s, 1 H, CH), 7.41-8.17

(m, 13 H, 13 x CH) , 12.29 (s, 1 H, NHfC NMR (DMSO«ds) 5c 112.2, 112.8, 118.1, 120.8,
124.1, 126.7, 126.8, 128.1, 128.3, 129.1, 129.2, 129.3, 131.1, 131.3, 131.8, 132.1, 132.2,
132.4, 132.7, 134.4, 141.1, 141.9; HRMS (EShvz cald for [G4H1sCIN,OS, + H]' :
447.0387 ; found : 447.0385.

4.1.10. 2-{[ 5-(4-Chlorophenyl)-3-thienyl] imino}-5-heptylidene-1,3-thiazolidin-4-one (4i)

Brown solid ; vyield : 60% ; mp 191°C*H NMR (DMSO-ds) §40.78-0.84 (m, 3 H, C4),
1.22-1.39 (m, 8 H, 4 x Cii 2.10-2.14 (m, 2 H, C}), 6.70-6.73 (m, 1 H, CH), 7.07 (s, 1 H,
CH), 7.34 (s, 1 H, CH), 7.44-7.52 (m, 2 H, 2 x CH), 7.63-7.71 (m, 2 H, 2 x CH), 12.05 (s, 1H,
NH):; *C NMR (DMSO4dg) 8¢ 13.9, 21.9, 27.3, 28.3, 30.9, 32.5, 112.4, 118.2, 120.9, 126.7,
129.1, 131.9, 132.2, 132.3, 132.5, 134.6, 141.0, 141.6; HRMS (E8ik :calcd for
[C20H21C|N2082 + H]+ : 405.0857 ; found : 405.0859.

4.1.11. 2-{[ 5-(4-Chlorophenyl)-3-thienyl] imino}-5-(2-pyridyl methylene)-1,3-thiazolidin-
4-one (4j)

Orange solid ; yield : 76% : mp 291°GH NMR (DMSO-dg) §47.11 (s, 1 H, CH), 7.31-7.50
(m, 3 H, 3 x CH), 7.59-7.92 (m, 5 H, 5 x CH), 8.67-8.75 (m, 2 H, 2 x CH), 12.19 (s, 1 H,
NH); *C NMR (DMSO4dg) 6¢c 112.7, 118.3, 121.0, 123.4, 123.6, 126.7, 126.9, 127.3, 129.1,
132.3, 137.3, 137.4, 141.0, 141.7, 149.2, 151.5, 151.6; HRMS (E&#z :cald for
[C16H1,CINZOS, + H]" : 398.0183 ; found : 398.0179.

4.1.12. 2-{[ 5-(4-Chlorophenyl)-3-thienyl] imino}-5-(3,4-dimethoxybenzylidene)-1,3-
thiazolidin-4-one (4k)

Yellow solid ; yield : 72% ; mp 242°C*H NMR (DMSO-dg) 843.77 (s, 3 H, OCH), 3.82 (s,

3 H, OCH), 7.10-7.21 (m, 4 H, 4 x CH), 7.41-7.48 (m, 2 H, 2 x CH), 7.57-7.68 (m, 4 H, 4 x
CH), 12.18 (s, 1 H, NH); HRMS (ESI)mvz calcd for [GoH17CIN.O3sS, + H]™ : 457.0442 ;
found : 457.0442.

4.1.13. 2-{[ 5-(4-Chlorophenyl)-3-thienyl] imino}-5-(4-fluor obenzylidene)- 1,3-thiazolidin-
4-one (4l)

Orange solid ; yield : 54% : mp 223°GH NMR (DMSO-dg) 847.18 (s, 1 H, CH), 7.30-7.51

(m, 5H, 5 x CH), 7.60-7.77 (m, 5 H, 5 x CH) , 12.21 (s, 1 H, NF):NMR (DMSOs) ¢

116.2, 116.6, 121.0, 126.8, 126.9, 129.1, 129.2, 130.1, 130.5, 132.0, 132.1, 132.2, 132.4,
132.6, 141.1, 141.8; HRMS (ESIy/z cald for [GoH1,CIFN,0S; + H]* : 415.0136 ; found :
415.0160.



4.1.14. 2-{[ 4-(4-Chlorophenyl)-1,3-thiazol-2-yl] imino}-5-(4-dimethylaminobenzylidene)-
1,3-thiazolidin-4-one (20)

Orange solid ; yield : 86% ; mp> 300°CH NMR (DMSO-ds) 513.05 (s, 6 H, 2 x C§J,
6.89 (d, 2 H, 2 x CHJ= 8.75Hz), 7.51-7.62 (m, 5 H, 5 x CH), 8.01 (d, 2 H, 2 x CH,
J=8.75Hz), 793 (s, 1 H, CH), 1251 (s, 1 H, NH); HRMS (ESIWz calcd for
[C21HoCIN4OS, + H]* : 441.0605 ; found : 441.0615.

4.1.15. 2-{[ 4-(4-Chlorophenyl)-1,3-thiazol-2-yl] imino}-5-(4-methyl benzylidene)-1,3-
thiazolidin-4-one (21)

Yellow solid ; yield : 68% ; mp> 300°C*H NMR (DMSO-dg) 842.38 (s, 3 H, Ch), 7.40 (d,

2 H, 2 x CH,J= 8.25Hz), 7.53-7.58 (m, 4 H, 4 x CH), 7.66 (s, 1 H, CH), 7.93 (s, 1 H, CH),
7.97 (d, 2 H, 2 x CHJ=8.25Hz), 12.68 (s, 1 H, NH); HRMS (ESI)m/z calcd for
[C20H14CIN3OS, + H]™ : 412.0340 ; found : 412.0348.

4.1.16. 2-{[ 4-(4-Chlorophenyl)-1,3-thiazol-2-yl] imino}-5-(4-methoxybenzylidene)-1,3-
thiazolidin-4-one (22)

Yellow solid ; yield : 79% ; mp> 300°C*H NMR (DMSO-dq) §43.86 (s, 3 H, OCh), 7.20

(d, 2 H, 2 x CHJ= 8.5Hz), 7.59-7.71 (m, 5 H, 5 x CH), 7.97 (s, 1 H, CH), 8.01 (d, 2 H, 2 x
CH, J=8.5Hz) ,12.74 (s, 1 H, NH);HRMS (ESI)n¥z calcd for [GoH14CIN3O,S, + H]" :
428.0289 ; found : 428.0290.

4.1.17. 2-{[4-(4-Chlorophenyl)-1,3-thiazol-2-yl]imino}-5-(2-naphtylidene)- 1,3-thiazolidin-4-one
(23)

Yellow solid ; yield : 85% ; mp> 300°C'HH NMR (DMSO-ds) §47.53-7.65 (M, 4 H, 4 x CH),
7.79 (d, 1 H, CHJ=9Hz), 7.88 (s, 1 H, CH), 7.98-8.05 (m, 5 H, 5 x CH), 8.14 (d, 1 H, CH,
J=9Hz), 8.29 (s, 1 H, CH), 12.79 (s, 1 H, NH); HRMS (ESt)z calcd for [G3H14CIN30S,

+ H]" : 440.0340 ; found : 440.0346

4.1.18. 2-{[ 4-(4-Chlorophenyl)-1,3-thiazol-2-yl] imino}-5-(4-fluorobenzylidene-1,3-
thiazolidin-4-one (24)

Yellow solid ; yield : 82% ; mp> 300°C'HH NMR (DMSO-ds) §47.46-7.53 (m, 2 H, 2 x CH),
7.60 (d, 2 H, 2 x CHJ=8.5Hz), 7.73-7.79 (m, 3 H, 3 x CH), 7.96 (s, 1 H, CH), 7.98 (d, 2 H, 2
x CH, J=8.5Hz), 12.79 (s, 1 H, NH); HRMS (ESI)n/z calcd for [GgH1:CIFN;OS, + H]" :
416.0089 ; found : 416.0096.

4.1.19. General procedure for the synthesis of N-substituted thiazolidinones 12-17

To a mixture of the corresponding chloroacetamide (0.5 mmol) and potassium carbonate (0.75
mmol) in acetonitrile (5 mL) was added portionwise the corresponding isothiocyanate (0.5
mmol). The mixture was then heated at 40°C overnight. After cooling to room temperature,
the mixture was poured into cold water (25 mL) and extracted with ethyl acetate. The organic
layer was dried with magnesium sulfate, filtered and evaporated under reduced pressure. The
expected product was purified using silica gel chromatography (Eluent : Cyclohexane/Ethyl
acetate 3/1).



4.1.20. 3-(4-Chlorophenyl)-2-{[ 5-(4-chlorophenyl)-3-thienyl] imino}-1,3-thiazolidin-4-one
(12)

Pale brown solid ; yield : 71% ; mp 80°GH NMR (CDCk) &y 4.03 (s, 2 H, Ch), 6.75 (d, 1

H, CH,J=1.5Hz), 7.01 (d, 1 H, CH=1.5Hz), 7.29-7.34 (m, 4 H, 4 x CH), 7.45-7.50 (m, 4 H,
4 x CH);*C NMR (CDCE) 8¢ 32.9, 110.9, 120.1, 126.7, 129.1, 129.4, 129.6, 132.6, 133.0,
133.6, 134.9, 142.7, 146.6, 155.2, 171.0; HRMS (E8¥y calcd for [GoH1,CIbN,0S, + H]
:418.9841 ; found : 418.9835.

4.1.21. 3-Phenyl-2-{[ 5-(4-chlorophenyl)-3-thienyl] imino}-1,3-thiazolidin-4-one (13)

Pink solid ; yield : 83% ; mp 152°C'H NMR (CDCk) 814.05 (s, 2 H, Ch), 6.75 (d, 1 H,

CH, J=1.5Hz), 7.01 (d, 1 H, CHI=1.5Hz), 7.31-7.38 (m, 4 H, 4 x CH), 7.46-7.52 (m, 5 H, 5
x CH) ; *C NMR (CDCE) 8¢ 41.3, 110.8, 120.3, 119.8, 126.7, 127.9, 129.0, 129.4, 132.7,
133.5, 134.7, 142.5, 146.4, 155.1, 171.3; HRMS (EB{ycalcd for [GgH13CIN,0S; + H]* :
385.0231 ; found : 385.0234.

4.1.22. 3-(4-Methyl phenyl)-2-{[ 5-(4-chlor ophenyl)-3-thienyl] imino}-1,3-thiazolidin-4-one
(14)

Brown solid ; yield : 90% ; mp 107°C'H NMR (CDCk) 642.33 (s, 3 H, Ch), 3.97 (s, 2 H,

CH,), 6.67 (d, 1 H, CHJ=1.5Hz), 6.91 (d, 1 H, CHI=1.5Hz), 7.16 (d, 2 H, 2 x CHz9Hz),
7.18-7.21 (m, 4 H, 4 x CH), 7.39 (d, 2 H, 2 x CH9Hz) ; **C NMR (CDCE) 8¢ 21.3, 32.9,

110.8, 120.3, 126.7, 127.7, 129.2, 130.1, 132.0, 132.7, 133.5, 139.2, 142.4, 147.0, 155.8,
171.4; HRMS (ESI) : mvz calcd for [gH1sCIN,OS, + H]* : 399.0387 ; found : 399.0383.

4.1.23. 3-(4-Dimethylaminophenyl)-2-{[ 5-(4-chlorophenyl)-3-thienyl] imino}-1,3-
thiazolidin-4-one (15)

Brown solid ; yield : 84% ; mp 123°C'H NMR (CDCk) 543.01 (s, 6 H, 2 x ChJ, 4.01 (s, 2

H, CH), 6.73 (d, 1 H, CHJ=1.5Hz), 6.79 (d, 2 H, 2 x CH=9Hz), 7.03 (d, 1 H, CH,
J=1.5Hz), 7.18 (d, 2 H, 2 x CH=9Hz), 7.33 (d, 2 H, 2 x CHI=8.5Hz), 7.48 (d, 2 H, 2 %
CH, J=8.5Hz) ; **C NMR (CDC}) ¢ 32.8, 40.5, 110.7, 112.6, 120.4, 126.6, 128.4, 129.0,
132.8, 133.4, 142.3, 147.3, 149.5, 150.5, 156.4, 171.8; HRMS (ES8lk ccalcd for
[C21H130|N3082 + H]+ 1 428.0653 ; found : 428.0655.

4.1.24. 3-(3,4-Dimethoxyphenyl)-2-{[ 5-(4-chlorophenyl)-3-thienyl] imino}-1,3-thiazolidin-
4-one (16)

Pale brown solid ; yield : 59% ; mp 181°¢éH NMR (CDCk) §43.90 (s, 3 H, OCH), 3.91 (s,

3 H, OCH), 4.02 (s, 2 H, Ch), 6.75 (d, 1 H, CHJ=1.5Hz), 6.83 (d, 1 H, CHI=2Hz), 6.92

(Dd, 1 H, CH,J=8.5Hz,J=2Hz), 6.95 (d, 1 H, CHJ=8.5Hz), 7.01 (d, 1 H, CHJ=1.5Hz),

7.32 (d, 2 H, 2 x CHJ=8Hz), 7.47 (d, 2 H, 2 x CHJ=8Hz) : **C NMR (CDCE) &¢ 32.9,
56.0,110.9, 111.2, 111.3, 120.3, 120.4, 126.7, 127.3, 129.0, 132.7, 133.5, 142.5, 147.0, 150.0,
155.9, 171.5; HRMS (ESI) m/z calcd for [GiH17CIN,OsS, + H]" : 445.0442 ; found :
445.0427.

4.1.25. 3-(1-Naphtyl)-2-{[ 5-(4-chlorophenyl)-3-thienyl] imino}-1,3-thiazolidin-4-one (17)

Yellow solid ; yield : 92% ; mp 98°C*H NMR (CDCk) &4 4.10 (s, 2 H, Ch), 6.65 (d, 1 H,
CH, J=2Hz), 7.22 (d, 1 H, CH}=2Hz), 7.22 (d, 2 H, 2 x CH=8.5Hz), 7.36 (d, 2 H, 2 x CH,
J=8.5Hz), 7.40-7.58 (m, 4 H, 4 x CH), 7.85-7.93 (m, 3 H, 3 x CF NMR (CDCk) ¢



33.2,110.8,120.3, 121.9, 125.6, 126.6, 126.7, 126.9, 127.3, 128.8, 129.0, 129.5, 130.2, 131.5,
132.6, 133.4, 134.6, 142.4, 146.9, 155.3, 171.4; HRMS (BE&W calcd for [G3H15CIN,OS,
+ H]" : 435.0387 ; found : 435.0376

4.1.26. General procedure for the synthesis of heteroaryliminothiazolidinones 18-19
starting from aminoheterocycle

To a solution of the corresponding heteroarylamine (10 mmol) in dry DMF (10 mL) was

added dropwise chloroacetyl chloride (11 mmol) and the mixture was stirred at room
temperature for 2h. The mixture was then poured into cold water (50 mL) and the formed
precipitate was filtered, washed with water (2 x 10 mL) and dried.

The obtained chloroacetamide (5 mmol) was then dissolved in ethanol (20 mL) and
ammonium thiocyanate was added (10 mmol). The mixture was refluxed for 3h and stirred at
room temperature overnight. The precipitating product was filtered, washed with water (10
mL) and petroleum ether (10 mL), and dried.

4.1.27. 2-{[ 5-(4-Chlorophenyl)-3-selenophenyl] imino}-1,3-thiazolidin-4-one (18)

Brown solid ; yield : 78% ; mp 264°C'H NMR (DMSO-ds) 544.00 (d, 2 H, Chi J=8.6Hz),

7.48 (M, 2H,2xCH),7.61(m, 2H,2xCH),7.69(s,1H,CH),819 (s, 1 H, CH) 11.43 (s,
1 H, NH); °C NMR (DMSO4) 6c35.4, 116.9, 123.8, 127.1, 129.1, 132.5, 134.2, 138.1,
146.7, 177.5, 187.9; HRMS (ESIj/z calcd for [G3HoCIN,OSSe + HJ : 356.9359 ; found :
356.9354.

4.1.28. 2-{[ 4-(4-chlorophenyl)-1,3-thiazol-2-yl] imino}-1,3-thiazolidin-4-one (19)

Pink solid ; yield : 68% ; mp> 300°C'4{ NMR (DMSO-ds) 814.03 (s, 2 H, Ch), 7.50 (d, 2

H, 2 x CH,J=8Hz), 7.89 (s, 1 H, CH), 7.96 (d, 2 H, 2 x CH8Hz), 12.14 (s, 1 H, NH);

13C NMR (DMSO4s) 5¢ 34.9, 111.2, 127.3, 128.8, 132.4, 132.8, 149.6, 163.6, 169.2, 174.1;
HRMS (ESI) : m/z cald for [gHgCIN30S, + H]" : 309.9870 ; found : 309.9876

4.2.Biological methods
4.2.1. Cdl culture

HT29 (APC™', P53™ K-RAS") and HCT116 APC", P53, K-RAS™) cell lines have been
established from colon adenocarcinoma tissue and represented colon cancer cell model
behaving chromosomic and microsatellite instability, respectively. SW620 &H6"(

P53™ K-RAS™) were originated from a lymphoid nodule and have been characterised as
metastatic cells. MCF7 cells derived from mammary adenocarcinoma tissue. MDA-MB-231
cells were isolated from pleural effusion and characterised as metastatic cells. Colon cancer
cells were cultivated in Dulbecco minimum essential medium DMEM (Eurobio, Courtaboeuf,
France) supplemented with 10% (v/v) heat-inactivated (30 min at 56°C) fetal calf serum
(Eurobio), 50 pg/mL gentamycin (Invitrogen, Paisley, UK) and 2 mMGlutamine
(Eurobio). Mammary cancer cell were cultivated in RPMI medium containing 10% heat-
inactivated fetal calf serum, 2mM L-Glutamine and 1% Penicillin/streptomycin (Eurobio).

Cells were maintained in a humidified atmosphere of 5% &@7°C.
4.2.2. Determination of 1Cs

ICs0 was calculated from results obtained by the thiazolyl blue tetrazolium bromide (MTT)
procedure. In brief, cancer cells were seeded in 96 well-plates’ aell§'well (Dutscher,
Molsheim, France). 24 hours after seeding, increasing concentrations of each compound



(range from 0.01 to 100uM) were added to each well for 72 hours at 37°C. After incubation,
the medium was discarded and 100ul/well of MTT solution (0.5 mg/ml diluted in medium)
were added and incubated for 2 hours. Water-insoluble MTT formazan blue crystals were
finally dissolved in DMSO. Each plate was read at 570 nmy Was calculated using
GraphPad Prism (GraphPad Software, La Jolla, CA, USA). Data are expresseg as IC
S.E.M. obtained from at least two independent experiments (n = 16).

4.2.3. Cell growth kinetics

HT29 cells were seeded in 6 well-plates. 48 hours after seeding, cells were treated daily with
each molecule over three days. Dilutions of each drug were performed in DMSO prior to
addition in the cell medium. Control cells were treated with 0.1% (v/v) of DMSO. At the
indicating time, cells were harvested by trypsination (Trypsin /EDTA solution, Eurobio).
100ul of cell suspension were mixed to an equal volume of 0.04% (v/v) Trypan blue dye
solution and living cells were counted using a Malassez hematimeter under microscopy. Data
are means * S.E.M of triplicate determination from two independent experiments. Results are
expressed either as mitotic index (number of compound-treated cells related to control cells
treated by 0.1% (v/v) DMSO used as compound vehicle) or cells counts qgll/ml, in

Figure 3).

4.2.4. Cdll viability assay

Cell viability assay was performed with s imultaneous double-staining procedure using 2,7’ —
dichlorofluorescein diacetate (DCF-DA, viable cells) and propidium iodide (PI, dead cells).
Two days after seeding, HT29 cells were treated with each molecule corresponding to the
concentration of Igy value for various times up to 24 hours with the exception of compound
20 and22, tested at 2.5 pM. Cells were loaded with 50uM DCF-DA and 25 pg/mL PI during
15 min at 37°C. After incubation, cells were harvested by trypsination, washed with PBS and
finally suspended in 1 ml of the same buffer. Fluorescence was measured in 30 000
cells/sample by flow cytometry (FL-1 and FL-3; FACSCalibur, BD Sciences, Le Pont de
Claix, France). Data are means + S.E.M. of triplicate determinations from two independent
experiments. Results are expressed in percentage of viable cells (negative to IP, and positive
to DCF-2DA) with respect to total cells/events quantified.

4.2.5. Céll cycle analysis

HT29 cells were seeded in 6 well-plates. 48 hours after seeding, cells were treated with each
molecule. Cells layers were washed twice with phosphate buffer saline (PBS), harvested by
trypsination and fixed in 70% (v/v) ethanol solution for 2 hours and stored at -20°C at least 1
hour. Cells were then centrifuged at 1000g for 5 min at 4°C, washed with PBS and
centrifuged again. Pellets were suspended in 1 ml PBS containing 50 pg/ml propidium iodide,
20 pg/ml of RNAse A (Sigma-Aldrich France, St Quentin Fallavier, France) and 0.1 % (v/v)
Triton X100 for 20 min and they were analyzed by flow cytometry (FL2-A; Calibur). Results
were quantified using the CellQuest software (BD Sciences) and cell cycle distribution was
analysed using Modfit sofware (Verity Software House, Topsham, Maine, USA). Results are
expressed as percentage of treated HT29 cells in each cell cycle phase. Cells in sub-G1
fraction are expressed as the percentage of total cells analysed in each experiment. Data are
means = S.E.M. of triplicate determinations from three independent experiments.

4.2.6.Cédll-living imaging



HT29 cells were seeded in 35mm petri dishes and treated with each compound over two days.
After incubation, cell layers were fixed in 70% (v/v) ethanol solution for 5 min, rinced twice
with PBS. 1 uM 4',6'-diamidino-2-phenylindol (DAPI) in PBS was added for 15 min. In
parallel, similar experimental conditions were carried on with supplementation of 1 uM
5,5',6,6'-tetrachloro-1,1',3,3'-tetraethylbenzimidazolylcarbocyanine iodide (JC-1) probe
diluted in DMSO. JC-1 was used to demonstrate alteration of mitochondrial membrane
potential ¥m). After compound treatment, JC-1 probe was added to the medium for 15 min
at 37°C. The protonophore carbonyl cyanide m-chlorophenylhydrazone (CCCP) at 50 uM for
15 min was used in order to dissipa&ken which can be visualized by the absence of J-
aggregates under red fluorescent filter. After incubation, cell layers were washed rapidly with
warmed PBS (37°C) twice. Pictures were captured under UV fluorescent microscopy (Nikon
Eclipse 80i, Nikon) equipped with a digital camera (DXM1200F, Nikon). They were further
processed using NIS-Element AR 2.3 software (Nikon).

4.2.7. Quantification of oxygen and nitric oxide-derived species

Two days after seeding, HT29 cells were treated with each molecule corresponding to the
concentration of Igy value for various times up to 24 hours with the exception of compound

20 and22, tested at 2.5 pM. Cells were loaded with 50uM DCF-DA during 15 min at 37°C
for ROS detection, 1 uM DAF-2DA during 30 min at 37°C for RNS detection, or 25uM DHR
during 20 min at 37°C for peroxynitryl radical detection. Cell exposure to 1mM tert-butyl for
one hour was used as a positive ROS-induced control. After incubation, cells were harvested
by trypsination, washed with PBS and finally suspended in 1 ml of the same buffer.
Fluorescence was measured in 30 000 cells/sample by flow cytometry (FL-1). When used,
1mM ascorbic acid, as an antioxidant, was added one hour before drug treatment and cells
were prepared as described. Results were expressed as percentage of results obtained with
treated cells related to cells treated with DMSO used as compound diluent. Data are means *
S.E.M of triplicate determination from three independent experiments.

4.2.8. GSH content determination

HT29 cells were grown in 6 well-plates. 48 hours after seeding, cells were exposed to each
molecule corresponding to the concentration ofy Izalue for 24 hours. Cell layers were
washed three times with ice-cold PBS. They were then scrapped with 10% (v/v) perchloric
acid ice-cold solution (pH 8.0) containing 2 mM EDTA. The homogenates were centrifuged
at 15 000 g for 15 min at 4°C. The supernatant were stored at -80°C until analysis. GSH
content was determined by a fluorescence-based microtiter plate method [26]. Perchloric acid-
precipitated proteins (pellets) were solubilized in daily made 1 N NaOH prior to protein
content determination using a modification of the procedure of Lowry et al. [27]. GSH
contents were calculated as nanomole of GSH/mg of protein. Results are expressed in
percentage as content of intracellular GSH related to that in DMSO-treated cells (relative
GSH content). Data are means = S.E.M of triplicate determination from three independent
experiments.

4.2.9. Western blotting

HT29 cells were seeded in 25 Tffasks. Total protein homogenates were prepared from
drug- and DMSO-treated cells as follows; cell layers were washed twice with ice cold PBS
and they were scrapped with 25 mMHepes/KOH (pH 7.5) buffer containing 10 mM EDTA,
40 mMKCI, 0.5 %(v/v) Igepal (Nonidet P40), 1 mM DTT and 0.1% (v/v) protease inhibitor
mixture (Sigma). Homogenates were collected and left on ice for 30 min before centrifugation
at 15,0009 for 30 min at 4°C. Supernatants were stored at -80°C until use. 50 pg protein from



whole cell homogenates were resolved in 10-15% SDS PAGE and they were transferred onto
nitrocellulose membranes. The saturation step was performed in Tris saline buffer (50 mM
Tris/HCI (pH 7.4) containing 0.15 M NaCl and 0.01 % (v/v) Tween 20), supplemented with
5% (w/v) non-fat milk or BSA. The primary antibody prepared in the same buffer was then
added. Membranes were incubated overnight at 4°C. The following antibodies were used:
antibody against GCL (5529-1; Epitomics), HO-1 (1922-1; Epitomics), NQO-1 (2618-1;
Epitomics) and GAPDH (MAB374; Millipore). Washing steps (3 times for 5 min) were
performed with Tris saline buffer. The blots were then incubated 45 min in this buffer
containing the horseradish peroxidase-conjugated species-specific antibody, and finally
washed 3 times for 5 min with the same buffer. Blots were developed by chemo-luminescence
detection according to the manufacturer's protocol (Santa Cruz Biotech). Each blot was
stripped and used to detect human GAPDH (1: 10 000) using the same protocol. Bands were
guantified and normalized to GAPDH content. The ratio, level of protein of intexesis
GAPDH content, in DMSO-treated cells was considered as 1.00. Results shown are
representative of one out of three independent experiments.

4.2.10. Detection of autophagy process

HT29 cells were seeded in 6 well-plates and they were treated as described before for two
days with daily medium changes. Cells were incubated with 1pug/ml acridine orange for 15
min, then harvested by trypsination and suspended in PBS before flow cytometry analysis.
Fluorescence (FL-3) was measured in 30 000 cells/sample. Results were analysed using
CellQuest and Cyflogic software and they are expressed in arbitrary unit related to those
obtained with DMSO-treated cells. Results are means = S.E.M. of triplicate determinations
from three independent experiments. In parallel, cells were cultivated in 28asks and
treated. Total protein homogenates were prepared and western blots were performed, using
Beclin-1 (1:500, BD Biosciences) and GAPDH antibodies, respectively, as a marker of
autophagosome formation and an internal marker for protein loading.

4.2.11. Satistics

Differences between results from control and drug-treated cells were analysed by Student’s t
test and any difference was considered significant at p < 0.05.
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Table 1: ICsq determination for thiazolidin-4-one derivatives

1C sc (UM)

Compound MDA-

HT29 HCT116 SW620 MCF7 MB-231
1 >50 >50 >50 >50 >50
2 >50 >50 >50 >50 >50
3 >50 >50 >50 >50 >50
4 17.1 +7.2 >50 >50 >50 >50
5 >50 >50 >50 >50 >50
6 >50 >50 >50 >50 >50
4a 105+58 112 +2.2 >50 > 50 18.0+0
4b 3.8£0.9 1.3+0.1 28.1+12.4 1.0+0.1 1.2+0.2
4c 6.4+15 1.0+0.1 15+0.1 09+0.1 0.9+0.04
4d 28120 11.6+3.4 4.6 +£0.7 6.7+0.3 6.4+0.3
de 15+1.2 0.5+0.1 0.8+0.1 0.4 £0.05 0.8+0.01
Af 2015 3.3+£0.1 0.7+£0.6 25+0.3 3.5+£0.2
49 >50 ND ND > 50 ND
4h 3.7+3.1 3.0+£0.6 >50 1.2+0.1 1.8+0.1
4i 335+44 ND ND > 50 ND
4 115+7.0 216+1.1 >50 30.2+£6.5 10.9+0.5
4k 10.9+3.1 1.7+0.2 >50 7.6+0.7 19+0.1
41 4.1+0.6 7.4+0.7 8.7+1.6 > 50 ND
7 38.3+7.7 ND ND ND ND
8 > 50 41.0+£9.0 > 50 >50 >50
9 11.7+1.1 2.7+0.05 35+0.1 19+04 2.7+0.2
10 246+7.8 > 50 33.0+£6.6 > 50 > 50
11 > 50 ND ND > 50 ND
12 36.6 £ 3.9 ND > 50 >50 ND
13 41.4+7.4 ND ND > 50 ND
14 28.9+8.6 ND >50 > 50 ND
15 29.2+4.3 ND ND > 50 ND
16 141+27 49.8+119 > 50 18.7+2.6 46.9+4.8
17 > 50 ND 195+1.7 > 50 ND
18 > 50 ND >50 > 50 ND
19 89+21 23.8+6.8 >50 > 50 > 50
20 05+0.1 0.2 +£0.02 0.20+£0.1 0.1£0.02 0.3+£0.01
21 0.5+0.2 05+0.1 0.89+0.1 0.4 £0.05 0.8+0.1
22 04+0.1 0.4+0.03 0.05+0.03 0.1+£0.02 0.3+0.3
23 1.8+0.3 1.2 +0.03 20.3+2.8 0.3+0.1 0.9+£0.05
24 29+0.7 7.5+4.3 > 50 >50 > 50

Viability was assessed by the MTT procedure as described in the biological methods segliaiud€ are

means + S.E.M. ND ; not determined



Table 2: Cell cycle distribution after cell exposure to thiazolidin-4-one derivatives

Treatment® f;lj:?ioci\]i’ ;?;S; S phasé pc);hze{gﬂé

DMSO (0.1%) 6.9+05  46.1+04 23.90.3  30.0+ 2.0
4b 21.6+2.4* 12+04 182+1.6 80.6x1.7
Ac 21.5+1.8* 1.2+0.2 148+20 84.0+1.8
4e 29.0+1.9* 15+0.2 14.8+0.7 83.7x0.7
4k 20.6+22* 23+0.9 11.3x0.9 86.4x0.6
DMSO (0.1%) 23+0.1 677405 21.1+15 11.3x1.0
20 16.2+0.7* 60.6£0." 20.7£1.0 18.7+#0.7
22 20.9+1.4* 587+04 17.2+1.3 24.1x14

a, HT29 cells were treated with each compound as described in the biological methods Isecéisulis are
expressed as percentage of cells in the sub-G1 fraction related to total cells avahesedts are expressed as
percentage of cells in each phase of cell cycle. **asinificant statistical difference (P < 0.05) at Student’s t
test; comparison between HT29-treated cells with respect to cells exposed to DMSO.

Table 3: Redox changes within HT29 cells exposed to thiazolidin-4-one derivatives

Treatment RNS content GSH content
DAF-2DA DHR 123
0.1% (v/v) DMSO 100.0+ 1.0 100.0+ 4.2 100.0+ 2.0
4b 169.7 + 3.6* 85.9 + 3.2* 88.8 +4.1*
4c 155.0 £ 0.3* 95.0 + 3.2* 73.9 £ 8.3*
4e 294.4 + 8.6* 80.1 +2.3* 84.6 £ 3.7*
4k 116.3+1.1* 83.6 +4.9* 108.1 + 7.9*
0.1% (v/v) DMSO 100.0+ 1.0 100.0+ 0.5 100.0+105
20 144.4 + 10.9* 157.6 + 4.6* 109.1 +£5.2
22 103.3+1.7 80.9+0.7* 117.0+4.8

RNS and GSH levels were quantified as described in the biological methods section. *, significant statistical
result (P < 0.05) at Student’s t test; comparison between HT29-treated cells with respect to cells exposed to
DMSO.



Table 4: Impact of thiazolidin-4-one derivatives on HT29 cells pre-treated with

antioxidant.
ROS content Mitotic index
Compound + 1mM Compound +1mM
alone ascorbic acid* alone ascorbic acid
0.1% (v/v) DMSO 100.0£3.5 65.7 £ 4.7 1.00 £0.08 1.12£0.03
4b 123.1+0.3 97.0+3.1 0.03+0.01 0.03 £0.02
4c 172.0+55 102.5+4.8 0.02 £0.01 0.02 £0.01
4e 177.8+1.6 133.6 £4.8 0.02 £0.01 0.02 £0.01
4k 141.6+2.6 112.1+£3.9 0.04 £0.01 0.04 £0.01
0.1% (v/v) DMSO 100.0 £ 5.6 64.7 £ 2.6 1.00 £ 0.07 1.08 £ 0.04
20 2525+ 145 158.8 £ 8.5 0.13+0.02 0.09 + 0.02

ROS levels and mitotic index were calculated as described in the biological methods section. *, significant
statistical result (P < 0.05) at Student’s t test; comparison between HT29 cells pre-treated with ascorbic acid
before addition of each compound with respect to cells exposed to each compound alone.



Fig. 1. Thiazolidinones described for their pharmacological activitiél { and target compoundig.
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Fig. 2.HT29 cell growth inhibition of compoungiand its derivatives.

HT29 cells were grown with compounds4(a-l), and9 (A) at the concentration corresponding t@olalue,
and with 0.5-10 uM with compoun@® and22 (B) for 72 hours. Results are expressed as mitotic index (number
of compound-treated cells related to control cells treated by 0.1% (v/v) DMSO used as compound vehicle)

*, significant difference (p<0.05) at Student’s t test between HT29-treated cells with respect to control cells,
exposed to DMSO used as compound vehicle.
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Fig. 3.HT29 cell growth kinetic and cell viability after cell exposure to compodiddc, 4¢ 4k, 20and22.

Kinetic growth @& and C) and cell viability assaysB(and D) were performed as described in the biological
methods section. HT29 cells treated with compodibd4c, 4e 4k at the concentration corresponding tgolC
value A andB) and with 2.5 pM of compoun®0 and 22 (C and D). Statistical analysis demonstrated that
significant difference (P < 0.05) at Student’s t test was obtaindeCinfcomparison between HT29-treated cells
with respect to cells exposed to DMSO).



200 - B 250 -
g P T s. g
c 4 S c
S LT TN 2 200 -
S 150 i g
HE R :
= .3 ,, - ? =
® N\ x -~ =%, o 150 1
Z ”<. \‘-{'. 2
g o S 2 i g
© 100 A o
%] J
o 3 100
N R 4 == =4c ===ede = = 4k o«
50 T T T 50
0 2 4 6 0
Treatmentdelay (Hours)
¢ D
4c6.4pM
Time (h) 0 2 4 6 24 Time (h)
HO-1 HO-1
1.0 10 10 1.0 1.0
GCL - * -— GCL
1.0 1.93 254 225 0.97
NQO1 L S S — — NQO1
1.0 223 259 1.86 1.60
GAPDH ———— —— GAPDH

Treatmentdelay (Hours)

4k 10pM
0 2 4 6 2

1.0 1.0 1.0 1.0 1.0
T . e
1.0 096 1.16 1.16 1.11
A TS e —

1.0 1.04 126 1.23 0.90

SRR —

Fig. 4. Thiazolidin-4-one derivative treatment is associated with ROS production and modulation of antioxidant

enzyme expression.

A andB: ROS production was calculated in HT29 treated cells with compéandc, 4eor 4k, and compound

20 or 22 as described in the biological methods secti®and D: Western blotting was performed as described

in the Biological methods section. Respective mouse or rabbit diluted antibodies against HO-1 (1: 1 000), NQO1
(1:1 000), GCL (1: 500) were used. GAPDH antibodies (1: 10 000) were used as an internal loading control
Typical results obtained when HT29 cells were treated with compéuadd4k.
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Fig. 5. Autophagy processes in HT29 exposure to thiazolidin-4-one derivatives.

A. autophagy process was quantified inHT29 cells exposed to each compound as described in the biological
methods section.*, significant difference at Student t test (P<0.05) with respect to DMSO-treated cells.

B. Detection of beclin-1 expression during autophagosome formation by western blotting. The experiments were
performed with rabbit antibody against human beclin-1 as described in the biological methods section. Typical
results out of three independent experiments obtained with protein homogenates prepared from HT29 cells
treated with each compound over two days. Mouse antibody against human GAPDH was used as sample

loading.
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Highlights

» 35 Heteroaryliminothiazolidinones were synthesi zed.

* Their antiproliferative properties were investigated.

*  Benzylidene moiety on 5-position of the thiazolidinone gave more potent compounds.
* Derivatives with athiazolylimino moiety showed promising cytotoxicity.

e Accumulationin G2/M phase and in subGL fraction was observed.
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Supporting Information S1.1

Synthesis of derivatives 4(ad}arting from 4.

H H
N O N O
N:< N:<
(\/@ Sj /@/@ S/\\<
A‘) ° 4 cl > 4(a-l) "
cl

Reagents and conditions. RCHO, pyrrolidine, MeOH, reflux, 20h.

Compound R Yield (%) Compound R Yield (%)
4a Ph 56 49 p-OH-Ph 76

4b p-OMe-Ph 75 4h 2-naphtyl 89

4c p-Me-Ph 69 4i Hexyl 60

4d p-Cl-Ph 71 4 2-pyridinyl 76

4e p-NMe,-Ph 79 4k 3,4-diOMe-Ph 72

4f p-Br-Ph 68 4l p-F-Ph 54

Supporting Information S1.2

Synthesis of derivatives 12-17.

R

N
NCS
B _ e Ru©
S O

Cl N N

A« N =0
HN
@@ Vs
Cl

Reagents and conditions: (d) K,COs;, CH;CN, 40°C.

Compound R R’ R” Yield (%)
12 Cl H H 71
13 H H H 83
14 Me H H 90
15 NMe, H H 84
16 OMe OMe H 59

17 H C4H,4 92




Supporting Information S1.3

Synthesis of derivatives 20-24.

o O
HN HN
/ka’sg N%S \ R
N—j - N—

NG
uM 19 ms 20-24
cl

Reagents and conditions; RCHO, pyrrolidine, MeOH, reflux, 20h.

Compound R Yield (%)
20 p-NMex-Ph 86
21 p-Me-Ph 68
22 p-OMe-Ph 79
23 2-naphtyl 85

24 p-F-Ph 82
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DAPI 48h >

w

JC-1

HT29 cell-living imaging after treatment with thiazolidinone derivatives

HT29 cells were treated in the presence of each compound for one day as described in the biological methods
section and loaded with DAPRAJ or JC-1 B) fluorescent probes. Nuclei with condensed chromatin (white
arrow heads, irA) were observed when cells were treated with respective compound and loaded with DAPI
probe. HT29 cells exposure to compoutd] 4c, 4e or 4k was associated with the loss'8i as visualized by

the absence of J-aggregates (orange/red) within the cells (typical results obtained after 30 min- and 4hours-
treatment durationB). CCCP (50 pM for 15 min) was used to dissip#m® as shown by the absence of J-
aggregates as compared to the results obtained after cell exposure to DMSO (molecule ivebirighst, no

Wm dissipation was observed after HT29 cells exposure to comp2uiod 22 at any time (typical results
obtained from HT29 cells exposed 1 hour to each compound and loaded with JC-1 probe).(Bars = 50 um, in A
and B)
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A Nuclear extracts
Time (h) 0 1 2 3 4 5 Cytoplasmic extracts
A (60kDa)
Nrf2 (4c) e R & oae W5 os :
= ﬁ > s — Lamin A/C
Nrf2 (4e) b, . W . i el A -
Nrf2 .
i
GAPDH [ £ wmer — GAPDH
Lamin A/C e s e = e
B 4b 3.8uM c 4e 1.5uM
Time (h) 0 2 4 6 24 Time (h) 0 2 4 6 24
HO-1 HO-1
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
GCL - - - GCL — a
1.0 122 149 1.69 1.55 1.0 090 096 0.99 1.52
NQO1 — ——— — — NQO1 — . — W ——
1.0 116 0.87 0.90 0.88 1.0 115 1.06 1.26 1.07

Modulation of Nrf2/Keap1 signaling and antioxidant enzyme expression

A andB. HT29 cells treated withb, 4c, 4e or 4k.. Nuclei and cell homogenates were prepared as described in
the biological methods section. Respective mouse or rabbit diluted antibodies against Nrf2 (1: 500), HO-1 (1: 1
000), NQO1 (1:1 000), GCL (1: 500) were used. Each blot was stripped and used to detect human GAPDH (1:
10 000) using the same protocol. Bands were quantified and normalized to GAPDH content. The ratio, level of
protein of interestersus GAPDH content, in DMSO-treated cells was considered as 1.00. Results shown are
representative of one out of three independent experiments. Typical results obtained when HT29 cells were
treated with compoundb and4e
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A Nuclear extracts Cytoplasmic extracts
Time (h) 0 1 2 3 4 5 Nrf2
(60kDa)
Nrf2 (20) )
Nrf2 == — Lamin A/C
Nrf2 (22) degraded
GAPDH
Lamin A/IC == &5 /= o e — &ss — GAPDH
B 20 2.5uM c 22 2.5uM
Time (h) 0 2 4 6 24 Time (h) 0 2 4 6 24
HO-1 HO-1
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
GCL GCL
1.0 098 099 1.20 1.18 1.0 1.06 0.87 0.86 0.98
NQO1 L I NQO1 - = ol od
1.0 093 0.67 0.72 0.78 1.0 1.07 0.85 0.96 0.85
GAPDH - P W - — GAPDH e e -

Modulation of Nrf2/Keap1 signaling and antioxidant enzyme expression

A andB. HT29 cells treated witl20 or 22. Nuclei and cell homogenates were prepared as described in the
biological methods section. Respective mouse or rabbit diluted antibodies against Nrf2 (1: 500), HO-1 (1: 1
000), NQO1 (1:1 000), GCL (1: 500) were used. Each blot was stripped and used to detect human GAPDH (1:
10 000) using the same protocol. Bands were quantified and normalized to GAPDH content. The ratio, level of
protein of intereswersus GAPDH content, in DMSO-treated cells was considered as 1.00. Results shown are
representative of one out of three independent experiments. Typical results obtained when HT29 cells were
treated with compoung0 and22.



