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Abstract

In this study, we report the synthesis and stratteharacterization of a series of
thiosemicarbazone and 4-thiazolidinones derivativas well as theirin vitro
antiproliferative activity against eight human tumeell lines. For the most potent
compound further studies were performed evaluatiely death induction, cell cycle
profile, ctDNA interaction and topoisomerase lihhibition. A synthetic three-step
route was established for compounga-¢ and3a-d) with yields ranging from 32-95%.
Regarding antiproliferative activity, compoun@s-e and 3a-d showed mean G
values ranging between 1.1 uMbj - 84.65 uM 8d). Compound2b was the most
promising especially against colorectal adenocaroen (HT-29) and leukemia (K562)
cells (Gko = 0.01 uM for both cell lines). Mechanism studiesnonstrated that 24h-
treatment with compoundb (5 puM) induced phosphatidylserine residues exjuosit
and G2/M arrest on HT-29 cells. Moreoveh (50 pM) was able to interact with
ctDNA and inhibited topoisomeraseallactivity. These results demonstrate the
importance of thiosemicarbazone, especially thevdive 2b, as a promising candidate

for anticancer therapy.

Keywords: Medicinal chemistry; anticancer therapgllular death; DNA interaction;

topoisomerase inhibition



1 Introduction

Cancer remains a major health problem with 14.lionilnew cases and 8.2
million deaths by cancer in 2012 worldwide [1]. Wdugh chemotherapy is one of the
main therapeutic options for cancer, this formreftment has limitations such as the
possibility of severe adverse effects and the agweént of resistance. Moreover, as
cancer is a group of diseases, there is no spéa@itment for some kinds of tumors. In
this context, the continuous research and developmienew chemical entities is of
great relevance for cancer therapy [2].

Among the available cancer therapeutic targets, DBifains as an attractive
target for the development of new drugs that caml b0 its structure and artificially
alter and/or inhibit its function [3]. Extensivearhical and biochemical studies have
characterized a variety of molecules that can re@tt DNA, conferring various
pharmacological effects, such as antibiotic, antty antiviral or antiprotozoal [4].
Once drugs bind to DNA and protein interfaces,abvity of enzymes that metabolize
the DNA, such as topoisomerase can be inhibiteithéynduction of cell death [5].

Topoisomerases are ubiquitous enzymes that altek Rigology by relieving
supercoiling-associated tension in double straridé. These enzymes can perform
their function by transiently cutting one stranypé | topoisomerases, Topl) or both
DNA strands (type Il topoisomerases, Top2) [6]. Tiequitous presence and crucial
biological roles of topoisomerases explain theevaience as therapeutic target [5].
Moreover, it is widely known that cancer cells passs high levels of topoisomerase
activity and show remarkable sensitivity to DNAgated drugs [7].

Most clinical drugs that target Topl or Top2 comvdre topoisomerase-
associated DNA breaks (known as topoisomerase ageavomplexes) into irreversible
DNA damage that initiates the apoptotic program [Bjese topoisomerase-targeted
drugs, referred to as topoisomerase poisons, ig@bihe topoisomerase cleavage
complexes by preventing DNA religation [6]. In afioh to their role in the initiation of
apoptosis, a growing number of studies show thgtlTand Top2 also participate
directly in the execution of the apoptotic progr§#h Since topoisomerase inhibitors
can trigger cell death by apoptosis, the elucidatib the relationship between these
mechanisms provide opportunities to develop ndwalapeutic strategies.

In this context, thiosemicarbazones arise as a igingiclass of molecules, due
to their reported antiproliferative activity in ham tumor cell lines [10-12] and

associated mechanisms of action, including theitalof interacting with DNA and



topoisomerase inhibition [13-16]. Recent studiesun research group have shown that
thiophene-thiosemicarbazone and acridine-thiosalvazane derivatives are promising
for antitumor activity, presenting the ability taterfere in the cell cycle and to interact
with DNA [12,14]. Additionally, the indole nucleusas also been disclosed as a
privileged structure in the design of new moleciiles19].

Continuing our studies with thiosemicarbazone dgiwes, this study aimed to
synthesize a new series of thiosemicarbazone d@h@#elidinones exploring the indole
heterocycle. The antiproliferative activity of thew series was evaluated in a panel of
eight human tumor cell lines and the most activévdve (compoun®b) was selected
for evaluation of cell death induction, cell cycpgofile, DNA interaction and

topoisomerase inhibition.

2 Resultsand Discussion
2.1 Synthesis of thiosemicar bazone and 4-thiazolidinones derivatives
The synthesis of thiosemicarbazonga-€) and 4-thiazolidinones 34-d)

derivatives was performed in three steps (Schemd-itgt, a nucleophilic addition
reaction between hydrazine and substituted isoyaiates afforded a
thiosemicarbazide. Then, the synthesized thiosebacades reacted with indole-3-
carboxaldehyde, in the presence of a catalytic amof AcOH, via condensation
reaction, leading the thiosemicarbazones [12Afterwards, the obtained
thiosemicarbazone derivatives were treated withyleétkchloroacetate and sodium
acetate affording the respectie3-substituted-4-thiazolidinones [20, 21]. The gel
ranged from 32 to 95%

PLEASE INSERT SCHEME 1 HERE

After crystallization, the thiosemicarbazor#a{€) and 4-thiazolidinones3é-d)
structures were determined By and**C NMR, IR and high-resolution mass.

In general, the IR spectrum of thiosemicarbazdtaes displayed stretching of
C=N and C=S bonds around 1537-1547 and 1203-1243csespectively. Thus, the
predominance of the thione form of the synthesthgasemicarbazones was confirmed
through the absence of absorption in the 2500-2666 region [22, 23]. For the 4-
thiazolidinones3a-d, the IR spectra showed bands at 1398—1362 characteristic of



NCS bending vibration, providing evidence of rinigsure [24, 25]. Finally, the IR
spectra oBa-d displayed C=0 absorbance in the 1701-1722"ceygion [26].

All the compounds synthesized showedt#hNMR signals a 7.88-7.17 ppm
corresponding to protons related to a phenyl gimegides a singlet betweéry.32 and
8.47 ppm attributed to azomethine group (H-C=N)jctvhs in accordance with the
reports involving thiosemicarbazones [27, 28]. Mwer, the protons of 4-
thiazolidinone ring (S-Ck) occurred betweewn 4.07 and 4.41 ppm [29]. The N-H
aromatic N*) proton signals appeared&®.50-9.99 ppm region, except f2d and2e.
The presence of a spacer groupNh of thiosemicarbazongd and 2e promoted an
electron-releasing inductive effect shifting to ddisld region § 7.79 and 7.87 ppm,
respectively) the N—H aromatit\{) proton signals. Finally, the other signals refate
thiosemicarbazone, such as N—-H hydrazine protosepted chemical shifts at11.49-
11.60 ppm region and N-H indole ring showed a singeak in the range 6f11.22
and 11.83 ppm.

Similarly, in the’®>C NMR spectra, the chemical shift of azomethineugr(H-
C=N) appeared at regiah138.0-153.8 ppm while C=S group occurred in theges
174.6-179.8 ppm, both comparable to the literai@fe 31]. The carbon of carbonyl
group of 4-thiazolidinone ring occurred between.974nd 172.3 ppm beside signals
in 6 20.64 - 44.9 ppm region attributed to methylenethyl and spacer groups. In
addition, HRMS analysis confirmed the identity dfthe synthesized compounds.

The relative configurationH or Z) of thiosemicarbazone depends on the
aldehyde substituent [32]. For tl2a-e and 3a-d series, indole-carboxaldehyde was
used. In théH NMR spectrum analysis, it was possible to degesingle peak, referring
to a chemical shift of 7.32 to 8.4¥ ppm for the singlet azomethine hydrogen.
Furthermore, it was also observed in our experimér appearance of a single spot in
thin layer chromatography (TLC), indicating the g@ece of a single isomeric form.

In this study, compoun@b, the most promising compound in the series, was
chosen for elucidation of isomerism of the derwesi synthetized. Thus, in 2D NMR
NOESY spectrum, it was observed the spatial cdrogldbetween the hydrogen of =N-
NH- até 11.68 ppm and azomethine (-CH=N-)3a8.49 ppm, as well as no spatial
interaction between the hydrogen in position 2h&f indole (-CH=C-) ab 7.92 ppm
and the hydrogen azomethine (-CH=N-p&.47 ppm m (See supplementary material).

These results suggested tBeconfiguration, which corroborates the crystallqdna



studies of X-ray and NOESY spectrum Bfthiosemicarbazone presented in the
literature [12, 33].

2.1 Evaluation of the antiproliferative activity in human tumor cell lines

Considering that different cell lines display diffat sensitivities toward the
same cytotoxic compound, the antiproliferative\agtiof thiosemicarbazon&g-e) and
4-thiazolidinones 3a-d) were evaluatedh vitro against eight different human cancer
cell lines [U251 (glioma), MCF-7 (breast), NCI-ADRES (multidrug resistant ovary
carcinoma), 786-0 (renal), NCI-H460 (non-small deilig cancer), OVCAR-3 (ovary),
HT-29 (colon), and K-562 (leukemia)] according tee tNational Cancer Institute of
United States protocols (NCI-US) [34]. The antigashtive activity of each compound
was also evaluateth vitro against spontaneously transformed keratinocytem fro
histologically normal skin (HaCat cells). Doxoruiniovas employed as the positive
control [35].

The antiproliferative activity was represented he Gky (concentration of
compound that inhibits 50% of cell growth, Table d)d the mean values ranged
between 1.1 uM (compourigb) and 84.65 pM (compoun8d). Based on this mean
values expressed as logarithm, Fouche et al. (4868)3escribed four levels of activity
named inactive (mean log £&/> 1.50), weak activity (1.58 mean log Gy > 1.10),
moderate activity (1.10 > mean logsgP 0) and potent activity (mean log 4k 0).
Considering these criteria, compourisand 3a-d were considered inactive whiia,
2c and 2d showed a moderate activity besid@b that presented a potent
antiproliferative activity (Table 1).

These results suggest that transforming thiosetmazane 2a-d into N-3-
substituted-4-thiazolidinone3a-d by a non-classical bioisosteric modification résal
in lack of antiproliferative effects (Table 1). Beten thiosemicarbazone derivatives, the
absence of bromine in the indole ring associatetthéol-naphthyl group connected to
N* (2b) resulted in better antiproliferative activity (ame log Gio = -0.69, potent
activity) with selectivity against colorectal adeaccinoma (HT-29) and leukemia
(K562) cell lines (GJo= 0.01 uM, for both cell lines). The substitutiohtlee naphthyl
group @b) for the p-toluyl 2c) or 2-phenethyl4e) resulted in moderate (mean logs6s|
= 0.39) to inactive (mean log &b 1.47) results, respectively (Table 1).

The strategy for the design of derivatives in t#tisdy was based on previous

studies by our research group [12,14]. The bestpoumds evaluated by Oliveira et al.



(2015) and Almeida et al. (2015) presented mean @ig, of 0.75 and 0.88,

respectively, characterizing these compounds asgbeif moderate activity. Our
proposal for molecular modification of thiophenedaacridine heterocycles by the
heteroaromatic nucleus of indole increased subatgnantiproliferative activity (mean

log Glsp=-0.69).

The introduction of an aliphatic spacer group betw’-thiosemicarbazone and
the phenyl ring, as found 2d andZ2e, did not exert a positive effect on the cytostatic
activity. Oliveira et al. (2015) [12] described ththis kind of substitution did not
improve the cytostatic activity of 2-thiophene-thgonicarbazone derivatives. Moreover,
the presence of a bromine in the indole rigd) (mproved the antiproliferative activity
of the 2-phenethyl thiosemicarbazone derivativesus] while 2e was inactive,2d
showed a moderate antiproliferative activity (Tab)e

Therefore, the presence of an aromatic grouy*ateemed to be the main factor
for the biological activity displayed by this seri®@f compounds2g-€) while the
substitution in the indole nucleus of thiosemicabees afforded a secondary
contribution.

In order to simulate the behavior of compoundsragaiormal cells, the HaCat
cell line (immortalized human keratinocyte) waseited into the evaluation panel.
Inactive compounds2¢, 3b, 3c and3d) were shown to be non-cytotoxic. On the other
hand, the most potent compound of the ser2b3, @lso presented cytostatic effect in
this lineage (Gh= 0.50uM). However, the results presenteadvitro cytotoxicity do not
necessarily have repercussionsionvivo toxicity assays. Oliveira et al. (2015) [12]
chose, in their antiproliferativen vitro study, a potent compound against tumor cells
that was also cytotoxic in the HaCat lineage. Sgbeetly, the acute toxicity of this

compound was evaluated, in which no severe clirsickd effects were observed.

PLEASE INSERT TABLE 1 HERE

2.2 Cédll Cycleand Cell Death Analyses of Compound 2b

Based on antiproliferative activity (Table 1), camopd 2b was chosen for
analyses of cell cycle and cell death on coloreatlnocarcinoma cell line (HT-29,
Glsp = 0.01 uM, Table 1). In the first set of experinsgnthe induction of
phosphatidylserine (PS) exposure was evaluatetdwhility of annexin-V to bind PS



residues translocated to the outer face of thernethbrane during the early stage of
cell death, while 7-AAD binds to the DNA only aftess of cell membrane integrity.
After 24h, compound®b reduced HT29 cells viability (unstained cells) an
concentration-dependent manner and increased dstdleed cell subpopulations (PS
residues exposition along with lack of cell memierantegrity) and 7-AAD stained
(only lack of cell membrane integrity) in a simil@rofile. Only at the lowest
concentration (5uM), 2b increased (12.6 + 1.6 %) the cell subpopulatiothvi#S
residues exposition without lack of membrane intggFigure 1). These data suggested
that compound2b induces cell death in a concentration-dependeny, wassibly

through externalizing phosphatidylserine residugs po membrane integrity lack.

PLEASE INSERT FIGURE 1 HERE

Furthermore2b (5, 10 and 3QuM) induced G2/M arrest, more pronouncedly in
smaller concentrations, followed by a decrease 1n &d S-phase populations (Table
2). These results were similar to those obtainadcfachicine (1.25 nM, positive
control), a natural product that binds to tubuéading microtubule destabilization and
prevents mitosis progress [37]. Moreover, the itidacof G2/M arrest by microtubule-
targeting agents can be followed by induction aigpammed cell death process [38].
Consequently, the promotion of cell cycle arresG&M phase byb (Table 2) can
induce programmed cell death process initialized®Byresidues externalization (Figure
1).

PLEASE INSERT TABLE 2 HERE
One of the features of cancer cells is presentirsgained proliferative capacity,
which favors the propagation of mutations and dbuates to genetic instability, one of
the characteristics of tumorigenesis [39]. Thugrdpies that interfere and limit this
capacity are desirable, to which compo@bchas proved to be a promising alternative.

2.3 DNA binding properties of compound 2b

Indole derivative biological activities have beessa@ciated to DNA binding

power and correlated to apoptosis of cancer ceafisesthis type of death can be



attributed to the alteration of nucleic acid stawet function or stability [40]. Moreover,
interaction between indole compounds and specifigions of nucleic acid can
modulate several key cell processes as DNA repicd41].

Aiming to understand the means by whi2lh exerts G2/M arrest on HT-29
cells, the mode of interaction @b with DNA was evaluated. Generally, small organic
compounds can interact to DNA by intercalation, Di@ove binding or by attractive
electrostatic interactions [42]. Monitoring UV-Mide absorption in Tris-HCI buffer (10
mM, pH 7.6),2b showed maximum absorption peak at 334 nm andtloathus DNA
(ctDNA) did not demonstrate absorption at the samevhen they were analyzed
separately. Titration of increasing amounts of cfDiNto 2b solution led to increased
absorption (hyperchromic effect), presenting hypemicity of 13 % at 100 uM of
ctDNA. Both hyperchromic and hypochromic effectse archaracteristic of
conformational alterations of the DNA double hetiter compound binding [43].
Generally, hypochromism combined with a redshiftcansidered an indicative of
intercalation of small molecules to the DNA duethe stacking of the chromophore
pairs [3, 14, 44]. Besides, the hyperchromic effesaggests changes on DNA
conformation and structure (denaturation) [4, 4%lerefore, the UV-Visible absorption
result suggested thab promoted changes on DNA conformation.

Using the model proposed by McGhee and Von Higp@r4) [46] the binding
constant value (Kb) a2b was estimated in 4.3 x 4™ (Table 3). Binding constant
values in the range of i@re typical of complexes formed between DNA anghnic
dyes [42], indicating moderate binding to DNA [47].

PLEASE INSERT TABLE 3 HERE

The positive influence of hydrogen donor groupsctidNA binding affinity is
observed in several studies [48-50]. Here, thegmas of NH groups in the hydrazine-
carbothioamide portion &b could contribute to ctDNA binding ability. Janandet al.
(2014) [51] have synthesized hydrazine and semézale derivatives with DNA
binding properties confirmed by UV-Vis and IR teues. For both intercalation and
groove bind, DNA and organic compound interactioosur by hydrogens and Van der
Waals bonds [52]. Compounds bearing typical araratigs such as pyrrole, furan or
benzene as lateral chain with torsional freedom,liad to the DNA groove producing

little or no structural rearrangement of the DNAeunlike intercalators [4, 53].



Almeida et al (2015) [14] showed that derivativ€a2ridin-9-ylmethyleneN-
(naphtalen-1-yl)-hydrazinecarbothioamide interedaDNA with a binding constant
value of 8.47 x 10 M™. The presence of the naphthlen ring and hydrazine-
carbothioamide group strengthens their interaotidh DNA. In addition, acridine ring
is the structural difference compared to derivaftibeand confirms the importance of
planarity of the aromatic ring in the increasednatf§ to DNA [54].

Moreover, fluorescence spectroscopy was used tdirgo the interaction
between 2b and ctDNA, since fluorescence quenching studies gave some
information on the binding of small molecules torbacromolecules on the molecular
level [55, 56]. Fluorescence spectra2bf (15 pM; Aexcitation 335 NM;Aemission 435 nm)
were monitored in the absence and presence ofasioig amounts of ctDNA (0-100
uM) demonstrating that increases in ctDNA concemrapromoted decrease @t
fluorescence emission (Figure 2). Suppressionuaréiscence intensity in the presence
of DNA can be observed when groove binding ageb® p8], electrostatic [59],
hydrogen bonding [60] or hydrophobic interactiors iavolved [61].

Quantitative analysis of fluorescence quenching determined from the plot of
the relative intensity of fluorescence versus tloacentration of ctDNA, and the
fluorescence suppression constant (Ksv) was olataiseng the Stern-Volmer equation
[62]. Derivative2b presented a Ksv value of 1.19 x*1@™, indicating the interaction
with ctDNA [3]. Emission-quenching phenomena refléwe interaction between the
derivative and ctDNA, consistent with the electmabsorption spectroscopy results
[63]. Both Ksv and Kb constants of the derivatBe indicate static quenching due to
complex formation between the new derivative am@N&. Moreover, the reduction of
fluorescence emission by derivati2e was accompanied by an apparent change in the
maximum wavelength of fluorescence emission, wighié of 8 nm that is indicative of
a physical interaction with ctDNA [64]. These DNAnting results could explain the
cell cycle arrest and the topoisomerase-DNA interfanteraction that were evaluated

by topo Ik inhibition assay and that can be related to apappzthway.
PLEASE INSERT FIGURE 2 HERE
2.4 Topoisomerase | | a assay

Topoisomerase (Topo) inhibitors are molecules timapair the enzymatic
activity by forming of a ternary complex (DNA-Tommmpound) or by catalytic



inhibition, resulting in cell death by apoptosis §, 66]. Some antitumor drugs already
used in clinical practice have topoisomerase abgical target, such as doxorubicin

and daunorubicin (anthracycline group), etoposiutk teniposide (epipodophyllotoxins

group), amsacrine (acridines group) and some thasebazones [67, 68]. However,

these drugs present many side effects, which pontipé development of new

topoisomerase inhibitors [69].

Among the mammalian topoisomerases, Topoidlpreferentially expressed in
proliferating cells consisting in an important trdor the discovery of new antitumor
drugs [8]. Compoun®b was evaluated in the DNA plasmid relaxation as3dys
assay consisted in the evaluation of topo éhzymatic activity in the absence and
presence of the compound followed by electrophsrasalysis [70]. As demonstrated
in Figure 3, the circular plasmid pUC19 can existthree different topological
conformations: supercoiled circular DNA, nickedcaiar DNA and linear DNA, all of
which have identical sequences, but migrate aewdfft rates through agarose gel.
Owing to their compact nature, supercoiled DNA ispmers migrate faster through
agarose in comparison to linear DNA, nicked circiddNA, or relaxed DNA. When
topo lla is active, the plasmid migrates as a single bawdnauch more slowly. On the
other hand, inhibition of topodlresults in a similar band pattern compared torpids
DNA (first lane). The activity ofb as topo Il inhibitor was visualized by the fornoati
of topoisomers for both tested concentration, tha inhibition was partial when

compared to the positive control usedAMSA).

PLEASE INSERT FIGURE 3 HERE

The topo Il inhibition probably corroborates otherechanisms of action
identified in this work, such as cell cycle arrestd phosphatidylserine residues
exposition to the external plasma membrane surfadee formation of DNA
topoisomers indicates that the cleavage complexstaslized which could be due to
alkylation of the thiol residues in the DNA-topodbmplex by the thiosemicarbazone
moiety [71].

Indole derivatives are also known for their inhoipyt activity against topo II.
Some indenoindolone-thiosemicarbazones were symtesand evaluated for their
potential in inhibiting topo Il. Kashyap et al. ) in their study evaluated the capacity

of inhibition of topoisomerase of indeneindolonksvas found that two derivatives of



the series could inhibit the enzyme activity, withdNA intercalation [72]. In this
way, this pharmacophore may also have contributedhe biological action of
derivative2b.

It is worthwhile to highlight that there is a retatship between inhibition of
topo Il and cell cycle arrest. Recent studies shimat the cell cycle arrest observed in
cancer cells treated with topo Il poisons is prilgan the G2/M phase [73]. These data
corroborate our results, where the compoRImd@¢ould cause arrest at the G2/M phase of
the cell cycle. This suggests indole-thiosemicashaz derivative, in particular

compound2b, as candidate for anticancer therapy.

3 Conclusions

This study showed the antiproliferative activitly thiosemicarbazones and 4-
thiazolidinones indole-based derivatives, with eagi on derivativ@b that presents
important chemical characteristics such as theep@sof the indole, thiosemicarbazone
and naphthalene moieties. As far as our resulte baggest2b can interact with DNA
and inhibit topo Ik that probably could explain PS residues exteratitim and G2/M

arrest in HT-29 cells highlighting as a promisirandidate for use in anticancer therapy.

4 Experimental Section
4.1 Chemistry

All reagents used in this study are commerciallyilable (Sigma-Aldrich,
Acros Organics, Vetec). The melting points wereedained on Quimis 340 (Quimis,
Brazil) apparatus and are uncorrected. IR spectn@ \wmeasured on Bruker IFS-66 IR
spectrophotometer (Bruker, Germany) using KBr pell&lMR spectra were recorded
on Varian UnityPlus spectrometer 400 MHz (400 Midz'H and 100 MHz forC) or
a Bruker AMX-300 MHz (300 MHz fotH and 75.5 MHz fof*C) instruments by using
tetramethylsilane as an internal standard. DM@as purchased from Sigma-Aldrich.
HRMS were performed on a MALDI-TOF Autoflex 1l (Bker Daltonics, Billerica,
MA, USA). The chemical shifts were reporteddrunits, and coupling constant3) (
were reported in Hertz (Hz). The multiplicities weagiven as s (singlet), d (doublet), t
(triplet), m (multiplet), dd (double doublet). TLdevelopment was conducted on 0.25
mm silica gel plates (Merck, silica gel 6&Hn aluminium foil).

4.1.2 General procedure for compoundsea



Substituted thiosemicarbazide (1 mmol) and 3-5 slafpacetic acid were added
to a solution of indole-3-carboxaldehyde (1 mmnolgthanol (10 mL). The reaction was
processed under magnetic stirring for 2h at roomperature. The precipitate was
filtered off, washed with ethanol then dried in ideator under vacuum. Additional
amount of desired compound could be recovered ftwrfiltrate after cooling. After

drying, the product was recrystallized from ethda@l.

4.1.2.1 (E)-2-(5-bromo-1H-indol-3-ylmethylene)-Nyfhthalen-1yl)hydrazinecarbothi-
oamide (2a)

White powder; MP: 205-207°C; Yield: 77%; Rf: 0.538HCly/MeOH 9.5:0.5) NMR*H
(300 MHz, DMSO)s: 7.33 (m, 1H, indole), 7.41 (s, 1H, indole), 846 2H, indole),
8.00 (s, 1H, =CH-), 8.00-7.43 (m, 7H, naphtyl),®@®, 1H, NH), 11.69 (s, 1H, NH),
11.88 (s, 1H, NH). NMR*C (75 MHz, DMSO)s: 110.73, 113.38, 113.86, 122.69,
123.88, 125.31, 125.31, 125.68, 125.68, 125.99,.2626126.42, 128.09, 130.13,
132.53, 133.65, 135.42, 135.80, 140.98, 176.21.(KBr, cm%): 3320.50 (NH),
3200.00 (NH), 3164.90 (NH), 750.00 (CS). HRM®/z [M + H]" calcd for
CooH15BrN4S: 422.0201; found: 423.3289.

4.1.2.2 (E)-2-(1H-indol-3ylmethylene)-N-(naphthalegyl)hydrazinecarbothioamide
(2b)

White powder;MP: 185-187°C; Yield: 95%; Rf: 0.44 (CH{MeOH 9:1). NMRH
(300 MHz, DMSOX: 7.09 (t, 1H, J= 7.5Hz, indole), 7.20 (t, 1H, J5Hz, indole), 7.46
(d, 1H, J= 8.1Hz, naphtyl), 7.63-7.51 (m, 3H, ngpht/.69 (d, 1H, J= 7.2Hz, indole),
7.89 (d, 1H, J= 8.2Hz, napthyl), 7.93 (d, 1H, J¥H%, indole), 8.03-7.95 (m, 2H,
naphtyl), 8.37 (d, 1H, J=7.9 Hz, indole), 8.511(d, =CH-), 9.87 (s, 1H, NH), 11.69 (s,
2H, NH). NMR *C (75 MHz, DMS0)s: 111.07, 111.75, 120.55, 122.17, 122.64,
122.92, 124.01, 125.40, 125.88, 125.97, 126.08,.5126128.06, 130.38, 131.38,
133.68, 135.70, 137.06, 141.34, 176.22. IR (KBT,%: 3319.51 (NH), 3158.5 (NH),
773.75 (CS) HRMS3n/z[M + HJ" calcd for GoH1eN4S: 344.1096; found: 344.4328.

4.1.2.3 (E)-2-(1H-indol-3-ylmethylene)-N-(p-toluyilrazinecarbothioamide (2c)

White powder;MP: 195-197°C; Yield: 32%; Rf: 0.55 (CH{MeOH 9:1). NMRH
(300 MHz, DMSOQ)s: 3.43 (s, 3H, Ch), 7.17 (d, 2H, J= 8.1Hz, fenil), 7.48 (d, 2H, J=
8.4Hz, phenyl), 7.23-7.11 (m, 2H, indole), 7.44 1#i, J= 7.5Hz, indole), 7.88 (d, 1H,



J= 2.7Hz, indole), 8.20 (d, 1H, J= 7.5Hz, indo&}R9 (s, 1H, =CH-), 9.50 (s, 1H, NH),
11.49 (s, 1H, NH), 11.66 (s, 1H, NH). NMEC (DMSO, 75MHz)s: 20.64, 111.03,

111.98, 120.79, 121.83, 122.77, 124.13, 125.19,.1825128.70, 128.70, 131.29,
134.26, 136.74, 137.11, 141.23, 174.62. IR (KBr;§nB409.4 (NH), 3314.1 (NH),

3164.9 (NH), 744.1 (CS). HRM®/z[M + H]" calcd for G7;H16N4S: 308.1096; found:

308.4007.

4.1.2.4 (E)-2-((5-bromo-1H-indol-3-yl)methylene)pNenethylhydrazinecarbothio-
amide (2d)

White powder;MP: 220-222°C; Yield: 86%; Rf: 0.46 (CH{MeOH 9:1). NMRH
(300 MHz, DMSO0)s: 2.38 (t, 2H, J= 6.9Hz, G 3.82 (m, 2H, J= 5.7Hz, G 7.21-
7.17 (m, 1H, indole), 7.43-7.40 (m, 1H, indole& (d, 1H, J= 2.4Hz, indole), 8.27 (d,
1H, J= 3.9Hz, indole), 7.35-7.21(m, 5H, phenylB77(d, 1H, J= 5.4Hz, NH), 8.25 (s,
1H, =CH-), 11.25 (d, 1H, J= 3Hz, NH), 11.81 (s, NH). NMR *°C (75 MHz, DMSO)
o. 34.82, 44.98, 110.75, 113.34, 113.89, 123.67,.31125125.57, 126.18, 128.44,
128.44, 128.56, 128.56, 132.07, 135.76, 139.26,1B4176.09 (CS). IR (KBr, cm):
3420.25 (NH), 3365.13 (NH), 3200.00 (NH), 1737.88). HRMSm/z[M + H]" calcd
for C1gH17BrN,S: 400.0357; found: 401.3234.

4.1.2.5 (E)-2-((1H-indol-3-yl)methylene)-N-phendtlygdrazinecarbothioamide (2e)
White powder;MP: 197-199°C; Yield: 73%; Rf: 0.51 (CH{MeOH 9:1). NMRH
(300 MHz, DMSO0)3: 2.95 (t, 2H, J= 7.8Hz, CHl 3.85 (quart., 2H, J= 7.2Hz, GH
7.15-7.10 (m, 1H, indole), 7.42 (d, 1H, J= 8.1Hmadle), 7.39-7.18 (m, 5H, phenyl),
7.79 (d, 1H, J= 2.7Hz, NH), 7.84 (d, 1H, indole,7.BHz), 7.98 (d, 1H, indole,
J=5.4Hz), 8.28 (s, 1H, =CH), 11.22 (s, 1H, NH),6D1(s, 1H, NH). NMR*C (75 MHz,
DMSO) &: 34.88, 44.71, 111.03, 111.76, 120.57, 121.83,.612123.82, 126.20,
128.47, 128.47, 128.57, 128.57, 131.06, 137.04,2¥3940.68, 175.84 (CS). IR (KBr,
cm™): 3365.00 (NH), 3256.37 (NH), 3200.00 (NH), 746(@S). HRMSm/z[M + H]*
calcd for GgHigN,S: 322.1252; found: 322.4273.

4.1.3 General procedure for compourgisd
A solution of 1 mmol of thiosemicarbazones, 1.1 rhofeethyl-2-chloroacetate,
and 4 mmol of sodium acetate anhydrous in 20 métlefnol was stirred until reflux to

the completion of the reaction (16-24 h). Aftere tholution was cooled to 0° C, the



precipitate was collected with filter under vacuamd washed with hot methanol and
water [20,21].

4.1.3.1 (E)-2-(E)-(5-bromo-1H-indol-3ylmethylenejfgzono)-3-(naphthalen-1
yDthiazolidin-4-one (3a)

White powder;MP: 280-282°C; Yield: 35%; Rf: 0.58 (CH{ZMeOH 9:1). NMRH
(300 MHz, DMS0)$: 4.41-4.33 (m, 2H, CB, 7.32 (m, 1H, indole), 7.35 (m, 1H,
indole), 8.24 (m, 1H, indole), 8.40 (m, 1H, indolé}42 (m, 1H, naphtyl), 7.76-7.57 (m,
5H, naphtyl), 8.07 (m, 1H, naphtyl), 8.07 (s, 1HGH=), 11.79 (s, 1H, NH). IR (KBr,
cm ): 3345.7 (NH), 3053.8 (NH), 2977.5 (NH), 1707.48Q). HRMSm/z[M + H]"
calcd for GoH1sBrN,OS: 462.0150; found: 463.3497.

4.1.3.2 (E)-2-(E)-(1H-indol-3-yImethylene)hydrazpBe(naphthalen-1-yl)thiazolidin-
4-one (3b)

White powderMP: 265-267°C; Yield: 45%: Rf: 0.59 (CH{MeOH 9.5:0.5). NMRH
(300 MHz, DMSO): 4.35 (d, 1H, J=17.1Hz, GH 4.19 (d, 1H, J= 16.2Hz, G 7.20
(m, 2H, indole), 8.08 (d, 1H, J= 8.1Hz, indole3(d, 1H, J= 8.4Hz, indole), 7.44 (m,
1H, naphtyl), 7.69-7.58 (m, 5H, naphtyl), 7.79-7.@6, 1H, naphtyl), 8.27 (s, 1H,
=CH), 11.62 (s, 1H, NH). NMR®C (75 MHz, DMS0)$: 32.40, 111.75, 111.98,
120.79, 121.95, 122.46, 122.69, 124.42, 125.83,5P26127.13, 127.13, 128.34,
129.37, 129.37, 132.01, 132.01, 133.91, 137.10,885361.51, 172.32 (CO). IR (KBr,
cm): 3394.93 (NH), 1613.64 (CO). HRMB/z [M + H]" calcd for GoHigN4OS:
384.1045; found: 384.4536.

4.1.3.3 (E)-2-(E)-(5-bromo-1H-indol-3-yImethylengjrazono)-3-(p-toluyl)thiazolidin-
4-one (3c)

White powder;MP: 295°C; Yield: 32%: Rf: 0.56 (CHgMeOH 9.5:0.5). NMR'H
(300 MHz, DMSO0)8: 2.37 (s, 3H, Ch), 4.11 (s, 2H, Ch), 7.28 (d, 2H, J= 8.7Hz,
phenyl), 7.43 (d, 2H, J= 8.7Hz, phenyl), 7.35-7(@42H, indole), 8.40 (m, 2H, indole),
7.82 (s, 1H, =CH-), 11.83 (s, 1H, NH). NMEC (75 MHz, DMSO)5: 111.42, 113.45,
114.01, 125.17, 127.93, 127.93, 127.93, 127.93,4929129.49, 129.49, 129.49,
132.58, 133.10, 135.78, 135.78, 138.05, 153.22,987(CO). IR (KBr, cri): 3255.75
(NH), 1608.29 (CO). HRM$n/z[M + H]" calcd for GoH1sBrN4OS: 426.0150; found:
427.3176.



4.1.3.4 (E)-2-(E)-(1H-indol-3ylmethylene)hydrazoBelp-toluyl)thiazolidin-4-one (3d)
White powderMP: 274-276°C; Yield: 72%: Rf: 0.57 (CH{MeOH 9.5:0.5). NMRH
(300 MHz, DMSOQO)é: 2.38 (s, 3H, ChH), 4.07 (s, 2H, CH), 7.25 (d, 2H, J= 8.4Hz,
phenyl), 7.32 (d, 2H, J= 8.4Hz, phenyl), 7.21-7(d4 1H, indole), 7.45 (d, 1H, J=
6.6Hz, indole), 7.77 (d, 1H, J= 2.4Hz, indole),B(@, 1H, J= 6.6Hz, indole), 8.42 (s,
1H, =CH-), 11.64 (s, 1H, NH). NMR’C (DMSO, 75MHz)s: 32.14, 120.77, 122.69,
124.47, 127.96, 127.96, 127.96, 127.96, 129.49,.4829129.49, 129.49, 132.01,
132.64, 137.11, 138.02, 153.70, 154.49, 172.00 (@O)YKBr, cni?): 3405.71 (NH),
1722.24 (CO). HRM$n/z[M + H]" calcd for GoH1eN4OS: 348.1045; found: 348.4215.

4.2 Biological Assay
4.2.1 Cell culture conditions

Eight different human cancer cell lines [U251 (gi@), MCF-7 (breast), NCI-
ADR/RES (multidrug resistant ovary carcinoma), T8@enal), NCI-H460 (non-small
cell lung cancer), OVCAR-3 (ovary), HT-29 (colomnd K-562 (leukemia)] were
kindly provided by National Cancer Institute at degck (NCI-USA). The
immortalized human keratinocyte (HaCaT) cell linaswkindly provided by prof. Dr.
Ricardo Della Coletta (University of Campinas). &dlll lines were maintained in RPMI
1640 (Gibco, USA) supplemented with 5% (v/v) fdtalvine serum (FBS, Gibco) and
1% (v/v) penicillin:streptomycin (Nutricell, 1000/kL:1000 g/mL) in a humidified
atmosphere with 5% COat 37°C. For the experiments, HaCaT and CHO-Kiewe
used between passages 5 to 12.

4.2.2 Samples preparations

Compounds2a-e and 3a-d (5 mg) were initially diluted in DMSO (50 ul)
followed by the addition of 950 pL of RPMI 1640/FBS6 (working solution). Final
concentrations (0.25, 2.5, 25 and 250 pg/mL, fampanliferative assay; 5, 10, 20, 30
and 50 uM, for flow cytometry experiments 2if) were obtained by serial dilution in
RPMI 1640/FBS 5%. Doxorubicine (0.025, 0.25, 2.5da@5 pg/mL, final
concentration) and Colchicine (1.25nM, final cortcation) were used as positive

controls on antiproliferative and cell cycle assagspectively.

4.2.3 Antiproliferative assay



The in vitro antiproliferative activity assay was performed described by
Monks et al. (1991) [74]. Each cell line was plate®6-well plates (100 pL cells/well)
for 24h and then exposed to the derivati2a® and3a-d in different concentrations at
37° C, 5% of CQ@in air for 48 hours. Final DMSO concentration (2%%) did not
affect cell viability. Before (§ plate) and after (iTplates) sample addition, cells were
fixed with 50% trichloroacetic acid and cell profdéon determined by
spectrophotometric quantification (540 nm) of caliulprotein content using
sulforhodamine B assay. Thesg(concentration expressed in UM inhibiting 50% of
cell growth or cytostatic effect) were determinabtigh non-linear regression analysis
using the concentration-response curve for eachlicel in software ORIGIN 89
(OriginLab Corporation) [74, 75].

4.2.4 Cell treatmentsfor Cytometry assays.
For the flow cytometry experiments, HT-29 (humafooectal adenocarcinoma,
epithelial, adherent) cells were seeded in 6 watles (2 x 18cells/well) and incubated

for 24 h prior to treatments.

4.2.5 Measurement of phosphatidylserine exter nalization

Phosphatidylserine externalization was analyseth WitiavaNexin Assay Kit
(Guava Technologies, Hayward, CA) in accordancé wianufacturer’s instructions.
After 24 h, HT-29 cells were treated wizb (5, 20, 30 and 50 uM) for 24 h, harvested
(Trypsin-EDTA 0.25%) and resuspended at a dendity @ 10 cells in 100 pL of
phosphate buffered saline (PBS). The binding buftertaining annexin-V-PE and 7-
AAD was added to the cells (100 pL/sample) andstspension was incubated in the
dark for 20 min at room temperature. After thatllscevere analyzed (5000
events/replicate) by flow cytometry (Guava Easyciptami — Guava Technologies,
Hayward, CA).

4.2.6 Cell Cycle analyses

Cell cycle analyses were performed with the Guagh Cycle reagent (Guava
Technologies, Hayward, CA) in accordance with maaotufrer’s instructions. After the
first 24h, HT-29 cells were deprived of FBS for I24cell cycle synchronization). After
that, cells were treated wib (5, 10 and 30 uM) and Colchicine (1.25 nM) for 24 h
harvested (Trypsin-EDTA 0.25%) and resuspendeddenaity of 1 x 1®cells in 100



puL of PBS. The binding buffer containing propidiundide (PI) was added to the cells
(100 pL) and suspension was incubated in the darlR® min at room temperature.
Finally, cells were analyzed (5000 events/replichteflow cytometry (Guava Easycyte
Mini).

4.2.7 DNA interaction
4.2.7.1 Preparation of the ct-DNA solution

Calf thymus DNA (ctDNA) was purchased from Signmad avas used without
further purification. The solution of ctDNA in TH4CI (0,01 M, pH 7.6) buffer was
sonicated for 5 min and the DNA concentration wasexanined using the molar
extinction coefficients 6600 M cm® at 260 nm [76]. The purity of DNA was
determined by monitoring the rate value of A260/B2&NA concentration was

expressed as micromolar equivalents of the bass. pai

4.2.7.2 UV-vis absorption measurements

The derivative 2b was dissolved in DMSO at a catregion of 1 mM (stock
solution) from which the working solutions were ppaeed by dilution using Tris-HCI
(0.01 M, pH 7.6) buffer at concentrations rangiranf 10 to 80 uM.

Under optimized concentration, the compounds w#rated with increasing
concentrations of ctDNA. Before the measurementg, s$ystem was stirred and
incubated at room temperature for 10 minutes. Thasurements were performed in a
rectangular quartz cuvette with a path length oflc

The intrinsic binding constant (Kb) was obtaingditiing the data to equation 1
[46]:

[DNA])/(ea—¢er) = [DNA]/(ep —&) + 1/ Kb € —&f) Q)
where, €a; ¢b and ¢f are the apparent, bound, and free extinction frefts,
respectively. Plot fitting of [DNA]J&, — &) vs. [DNA] used Kb obtained from the ratio
of the slope to the Y intercept. The binding darenfitted using a SigmaPlot 10.0

software.

4.2.7.3 Fluorescence Measurements

Fluorescence measurements of non-bound derivatere performed with 15
uM of compound 2b in 0.01 M Tris buffer, pH 7.6. Esibn spectra were recorded in
the region 370-700 nm using an excitation wavelengf 220-400 nm. All



measurements were performed at 25 °C in a rectanguhbrtz cuvette with a 1 cm path
length. Fluorescence intensities were expressedarbitrary units. Fluorescence
titrations were conducted by the addition of insieg amounts of ctDNA directly into
the cell containing the derivatives.

The behavior suppression emission was analyzetidptern-Volmer equation
was obtained through the equation (2) [62]:

Fo/ F=1+Kyv[Q] (2)
where, i and F are the fluorescence intensities in theradgsand presence of indoles
derivatives. Ky is the constant linear suppression. [Q] is the ceatration of
derivatives. The plot of relative emission intengfy/F) versus [Q] was used to obtain
the constant from the linear regression. The bipdiata were fitted using a SigmaPlot

10.0 software.

4.2.8 In vitro topoisomerase | | inhibition assay

Human topoisomerase allinhibition activity was determined as previously
described by Almeida et al. (2016) [70]. BrieffgQLng pUC19 DNA plasmid (from
Sigma) and 4.0 unit of recombinant human (p170disIpmerase Il (Sigma-Aldrich) in
relaxation buffer without or with 2b or amsacrime AMSA) were incubated for 30 min
at 37° C. The tested concentrations were 50 anduMOReactions were terminated
with 1% SDS and digested with proteinase K. Thdme teaction products were
analyzed by electrophoresis gel stained with EtimdBromide and photographed under
UV light.

4.2.9 Statistical analyses

The results were expressed as the mean + standand aad by analysis of
variance (ANOVA), one-way followed by Tukey tesf. values lower than 0.05
(p<0.05) were considered as indicative of signifa and represented by: *p<0.05,
**p<0.01 and ***p<0.001. The calculations were pmrhed using the statistical
software GraphPad Prism version 7.0, San Diegddtaia, USA.
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Table 1.In vitro antiproliferative activity (GJ® in uM) of thiosemicarbazones and 4-thiazolidinobased-indole derivatives

R4 R4
/H H\ X _N S
i 2 j’ =N \n/ R i? j, ‘N on
HN S HN _
2a-e 3a-d
2a 2b 2c 2d 2e 3a 3b 3c 3d
Cdl Lines R = 1-naphtyl R = 1-naphtyl R = p-toluyl R =2-phenethyl R =2-phenethyl R =1-naphtyl R = 1-naphtyl R = p-toluyl R = p-toluyl Dox
Ry =Br Ri=H Ri=H Ry =Br Ri=H Ry =Br Ri=H Ry =Br Ri=H
U251 7.32 0.92 8.11 7.49 77.90 48.81 72.52 54.71 90.16 14 0
MCF 7 0.95 0.25 2.52 6.81 15.54 6.06 34.88 59.52 >100 7 0.0
NCI-ADR/RES 6.18 6.48 1.46 7.14 38.74 12.41 38.57 64.58 >100 77 0.
786-0 6.56 0.25 3.99 7.58 76.29 29.09 62.08 39.85 79.14 A10
NCI-H460 6.99 0.38 11.72 8.48 >100 >100 >100 96.60 >100 0.09
OVCAR-3 1.60 0.21 3.88 8.22 >100 5.12 25.74 98.50 >100 0.22
HT29 6.56 0.01 1.45 7.87 >100 27.34 96.86 >100 >100 0.23
K562 5.29 0.01 0.16 2.12 0.17 >100 >100 0.01 >100 0.93
mean log Glsy, 0.63 M -0.69 P 0.39 M 0.81 M >1.47 1 >1.401 >1.77 1 >1.36 | >1.981 -0.68 P
HaCat 6.15 0.59 0.99 7.85 >100 6.23 62.98 54.00 >100 0.20

4Glsp = concentration (UM) that inhibits cell growth B§% after 48 h exposition; Glwas determined from nonlinear regression analiggassing ORIGIN 8.0 software

(OriginLab Corporation). Experiments conductedriplicate. Dox: doxorubicine, positive control.

Classification criteria: inactive (I, mean log GI15QL.50), weak activity (W, 1.50 > log GI50 > 1.16)oderate activity (M, 1.10 > mean log GI50 > )l gotent activity (P,

mean log GI50 < 0) (Fouche et al., 2008).



Table 2. Influence o2b on HT29 cells cycle after 24h-exposition

Treatments Sub-G1 G1 S G2/M
Vehicle 3.5+0.7 46.1+2.1 17.2+1.2 325+23
Colchicine 1.25nM 3.5+£0.6 14.6 £ 1.8*** 5.9 £31** 76.0 £ 1.7%*
5uM 20+05 10.7 £ 0.8*** 6.8 £ 1.4%** 80.5 + 2%+
2b 10 uMm 1.6+0.3 26.7 £ 1.3%** 5.5+ 0.4* 66.2 2+
30 uM 48+0.8 34.9 + 1.4%x* 7.3 +£0.8%** 53.1 £.3***

Distribution of cells in the different phases ofl @ycle, after 24 h of treatment with (DMSO 0.1%)olchicine (1.25 nM) and derivative 2b (5, 10 &t
uM). Mean (%) + standard error of two independermiegiments in triplicate. A total of 5000 events gveollected per experiment. ANOVA followed by
Tukey's Multiple Comparison Test. **p < 0.01, *** 0.001, statistically different from vehicle.

Table 3. UV-Vis absorption and fluorescence emissiata of derivativ@b in the absence and presence of ctDNA.

Amax Extinction
Compound Free Bound Coefficient () M  Hyperchr.? Hyperchr.® Jexcitation Aemission KgM™
2b 334 nm 334 nm 18.440 13% 43X10 335nm 435 nm 1.19 x 10

®Hyperchromicity for complexes formed by compouncda®il 100 uM of ctDNA in comparison to free ligands.
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Figure 1. Compound 2b induces cell death in HT-@8cCells were treated for 24 h
with vehicle (DMSO 0.1%) and compound 2b (5, 20, &8@ 50uM). Results are
expressed as mean + standard error from two indigp¢rexperiments in triplicate, in
percentage of cells stained with annexin-V onlylgeeell death), double stained with
annexin-V and 7-AAD (late cell death), stained withAD only (dead cells or cellular
debris) and unstained (viable cells). A total of080events were collected per
experiment. ANOVA followed by Tukey’s Multiple Corapgson Test. **p < 0.01, ***p

< 0.001, statistically different from vehicle.
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Figure 2.Fluorescence spectra of derivative 2b (M) with increasing concentration

of ctDNA. Insert: corresponding the fluorescencéemsity of bound derivative to
CtDNA.
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Figure 3. Effect of derivative 2b on inhibition @opo llo. Inhibition of Topolb-
induced DNA relaxation by derivative 2b amndAMSA as positive control. Native
supercoiled pUC19 was incubated for 30 min at 37@ 4 units of human Topodl
in the absence or presence of ligands at concemtsadf 50 and 100 pM.
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Scheme 1. Synthesis of thiosemicarbazones (2a-&)4aihiazolidinone (3a-d) derivatives. Reagents aodditions: (a) CHG| room
temperature; (b) AcOH (few drops), EtOH, room terapge; (c) CICHCOOEt, sodium acetate, EtOH, reflux.



Highlights

v' Compound 2b was the most promising especialy against colorecta
adenocarcinoma (HT-29) cell;

v" Compound 2b induced phosphatidylserine residues exposition and G2/M arrest
on HT-29 cdlls;

v' Compound 2b was able to interact with ctDNA and inhibited topoisomerase Il
activity.



