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Abstract

Chagas disease is one of the most significant thgattblems in the American continent.
Benznidazole (BDZ) and nifurtimox (NFX) are the ypmrugs approved for treatment and
exhibit strong side effects and ineffectivenesstliie chronic stage, besides different
susceptibility amond. cruzi DTUs (Discrete Typing Units). Therefore, new drugstreat
this disease are necessary. Thiazole compoundsbieere described as potent trypanocidal
agents. Here we report the structural planningth®gis and anfl- cruz evaluation of a new
series of 1,3-thiazoles’{28), which were designed by placing this heterocynktead of
thiazolidin-4-one ring. The synthesis was conduatedn ultrasonic bath with 2-propanol as
solvent at room temperature. By varying substitsieaitached to the phenyl and thiazole
rings, substituents were observed to retain, eréhamcgreatly increase their afti-cruz
activity. In some cases, methyl at position 5 of thiazole (compoundS, 12 and 23)
increased trypanocidal property. The exchange ehylhfor pyridinyl heterocycle resulted in
increased activity, giving rise to the most poteompound against the trypomasigote form
(14, 1Csouryp= 0.37 pM). Importantly, these new thiazoles were toxic foypomastigotes
without affecting macrophages and cardiomyoblasibiity. The compounds were also
evaluated against cruzain, and five of the mosv@compounds against trypomastigotés (
9, 12, 16 and 23) inhibited more than 70 % of enzymatic activityl&t uM, among which
compound?7 had an IGp in the submicromolar range, suggesting a possitdehanism of
action. In addition, examination @f. cruzi cell death showed that compoufd induces
apoptosis. We also examined the activity againstagellular parasites, revealing that
compound 14 inhibited T. cruz infection with potency similar to benznidazole. eTh
antiparasitic effect ofl4 and benznidazole in combination was also invetgtjagainst
trypomastigotes and revealed that they have systergffects, showing a promising profile
for drug combination. Finally, in mice acutely-iofed with T. cruz, 14 treatment
significanty reduced the blood parasitaemia and aagrotective effect on mortality. In
conclusion, we report the identification of compdsn), (12), (15), (23) and @6) with
similar trypanocidal activity of benznidazole; coounds 9) and @1) as trypanocidal agents
equipotent with BDZ, and compourdd with potency 28 times better than the referencey dr
without affecting macrophages and cardiomyoblaability. Mechanistically, the compounds
inhibit cruzain, and.4 inducesT. cruzi cell death by an apoptotic process, being consitar
good starting point for the development of new-&iftagas drug candidates.

Keywords: Chagas disease; thiosemicarbazonesptb&Zrypanosoma cruz.



Introduction

One of the most significant health problems in Araerican continent in terms of
human health (i.e., number of people infected \aitkd dying from it), socioeconomic impact
and geographic distribution is the Chagas diseaseised by the protozoan parasite
Trypanosoma cruz (T. cruz) [1]. In Brazil , losses of over US$ 1.3 billion wages and
industrial productivity are extimated due to workerith Chagas disease [2]. Regardless of the
decreased incidence of new infections in Brazil atfter countries due to urbanization and
improved living conditions, an estimated numbe6-& million people remains infected [1-3].

Benznidazole (BDZ) and Nifurtimox (NFX), launchedthe early 1970s, are the only
drugs approved for human treatment. Both compowsidse some characteristics: better
tolerance by children, higher effectiveness duthmgacute phase @t cruz infection, higher
toxicity in adults, and different susceptibility ang T. cruzi DTUs (Discrete Typing Units).
Private-funded laboratories lack interest on Chadjasase research, while equipment and
technological restrictions in public laboratoriesntper the development of new drugs and
treatment strategies. This scenario generatesutinent situation where the available drugs are
the same as in 1970, have strong side effectsraftectiveness in the chronic phase of the
disease [1,4]. Thus, new drugs to treat Chagasshksare necessary.

Trypanosoma cruzi contains cysteine, serine, threonine and metaltemases. The
most abundant among these enzymes is cruzipainystime proteinase expressed as a
complex mixture of isoforms by the major developtaérstages of the parasite, including
some membrane-bound isoforms. This enzyme is anuimodominant antigen in human
chronic Chagas disease and seems to be importéme inost/parasite relationship. Inhibitors
of cruzipain kill the parasite and cure infectea¢d@ithus making the enzyme a very promising

target for the development of new drugs againsg@salisease [5-12].



The importance of this enzyme has recently beerhasiped in a study by Sbaraglini
et al.,, whose computer-guided drug repositioningatsgy led to the discovery of the
trypanocidal effects of clofazimine and benidipinehese compounds showed inhibitory
effects on cruzipain, on different parasite staged in a murine model of acute Chagas
disease. Benidipine and clofazimine were able tluce the parasite burden in cardiac and
skeletal muscles of chronically infected mice coredawith untreated mice as well as
diminish the inflammatory process in these tis§a2s

Regarding the identification of cruzain inhibitoryost of the efforts have been
conducted through the investigation of peptides paptide-like compounds, such as ureas
[13,14], hydrazones [15-17], triazoles [18,19]pH#@micarbazones [20-25], thiazolidin-4-ones
[26—28] and 1,3-thiazoles [29-31].

Recently, our research group identified the thiabol4-one b) [32], a cyclic
bioisoster of the potent cruzain inhibitor 3,4-darbbphenyl thiosemicarbazone)([20],.
Compound %) was less active against cruzain than thiosemézane §). However, the
antiparasitic activity against Y strain @f cruzi trypomastigotes and host cell cytotoxicity in
J774 macrophages revealed that compo®hds(a stronger and more selective antiparasitic
agent than thiosemicarbazor®. (In T. cruz infected mice treated orally with 100 mg/kg of
compound %), a decreased of parasitemia was observed [32].

Thiazoles compound4. (2, 3 and 4 have been described as potent trypanocidal agents
[28—31], then this work devised a series of 1,a#bles for bioisosteric exchange thiazolidin-
4-one ring through thiazole heterocyckegure 1). The compounds of this serie&Z8) were
designed in such a way as to vary the group lirtkeglosition 4 of the thiazole ring, through
insertion of alkyl substituents and aromatic rimgth different substitutions iortho, meta and

para.



Compound (1)

Toxicityesplenocytes= 271 HM
ICSO" 'ypo— 3.8 MM 2N
Compound (2)
CCsonepcz=>100uM Cl
_\_ s ICSOtl'ypo 1.2 I’J'M

o) N—<

Compound (3)

i Toxicityespienocytes= 204.9 UM OO
ICs0typo= 0.5 UM \ - H
r. N
e,
@

Compound (4)

Toxicityesplenocytes= >216.26 UM
1Cs0trypo= 3.35uM

H nonclassical nonclassical R H or CH.
H 17/1 or 3
: , ¢N s Bioisosterism N S Bioisosterism
= |:{> NTIY WS R
5 N —> 0
icl cl
: cl cl 0 = :
Compound (6) or CgHs ||Ar= Phenyl; 2-pyridyl; 4-
pyridyl; 4-methyl-phenyl; 4-F-|:
CCSOmacrophages: >100 uM Compound (5) phenyl; 4-Cl-phenyl; 4™-Br-
ICsoprype=7-1 uM CCsomacrophages= >100 uM phenyl; among others.
ICs0trypo=1.7 UM
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Results and Discussion

Synthesis and chemical characterization

The general route to prepare thiazolé®) is shown inScheme 1, 2and 3. Firstly,
thiosemicarbazones 64-c) were prepared by reacting commercially availalded’-
dichloroacetophenone with the appropriate thiosarbazide in an ultrasound bath in the
presence of catalytic 230, (or HCI in the case of thiosemicarbazd@. Thiazoles 7-9)
were prepared according to the methodology destripe Hantzsch [33], by reacting the
respective aryl thiosemicarbazone with commercialhilable chloroacetoneS¢heme L
These reactions were carried out in the presena@naéxcess of anhydrous NaOAc under

reflux, affording compounds/€9) in variable yields (46-88 %) and acceptable pufit 95

%).
o
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9 CH; CH; 46.0

Schemel. Synthetic procedures for thiazol&s9).

For the series of thiazole4(t28), due to previous experience of our research group
[28-31] and literature reports [34], the synthe&s conducted in an ultrasonic bath (40 MHz,
30-120 min) with 2-propanol as solvent at room terapure. For these conditions the reaction
proceeded faster and with similar yields to the tdsech method. The 2-bromoacetophenones

used were purchased from commercial sourSebéme2).
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Scheme2. Synthetic procedures for thiazold$428).

To investigate the effect of substituents insededhe N3 position for pharmacological

activity, we prepared the aryl-thiazolesl and (@3) (Scheme 3, in the same manner as

compoundsX0-28.
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Scheme3. Synthetic procedures for thiazoldd @nd13).

The chemical structures of compounds were detedriiyenuclear magnetic resonance
(N.M.R., *H and*3C), infrared (I.R.) and mass spectra (HR-MS), whileity was determined
by elemental analysis (E.A.). The analysistdfand**C NMR spectra of compoundg-29
has highlighted the signals relating to the methioeated at the C-5 position in the
heterocyclic ring, which are diagnostic for thisss of compounds. In NMEC, the carbon
referring to this methine is easy to locatepin101-117 ppm. In IR, the presence of the band
relating iminics links as well as the absence dfaaption in the carbonyl region are also
suggestive of the formation of compound@ds2g).

Another important structural feature of these coumuls is the position of the double
bond involving the C2 carbon of the heterocyclegrirDepending on imino-lactam
tautomerism, the C2 carbon double bond presentompounds 7-10, 12, 14-28 can be
endocyclic or exocyclic in relation to the heterdey(Figure 2). Compound4.1 and13 posses
a methyl or phenyl group respectively in N-4 ofatole nucleus, thus they presented a
exocyclic bond.

In the NMR'H of compounds7-10, 12, 14-28 the chemical shift of the N-H ranges
between 10.5-11.5 ppm (DMSO-d6), while in thiosart@zone §a-0, the chemical shift of
hidrazinic protons varies between 10.29-10.66 ppne. data from literature for amidic proton

of lactams, thiazolidin-4-ones and thiazolidin-2jénes show the chemical shift in the range



of 11.4-12.3 ppm [35,36]. In view of these repowsg, can suggest that the N-H signal in the

compoundsq{-10, 12, 14-28is characteristic of hidrazinic protorisgure 2, form I).

CH; CHj

E H E

X N XN N

N~ TS N \j/s

H H
25),1 N // (25), 11 N /
Cl Cl
Cl cl
O2N O,N

Figure 2: Position of the C = N bond at the C2 carbon ofdbi@pound (25)

For an unambiguous assignment of this connectiantry to obtain crystals of the
compounds {-28 suitable for the diffraction of X-rays, but withi success. Recently,
Cardoso et al. (2014) [29] identified by X-ray dgifography that the position of the double
bond involving the C2 carbon of the heterocyclegrimf 2-pyridyl thiazoles is
endocyclic.Based on this, we can suggest thisse atle for compounds/{10, 12, 14-28
(Figure 2, form ).

Another important structural feature of these coumuls is the isomerisid or E in
hydrazine double-bond C2=N2. Based on compoundsqusy crystallized by our group to
define the relative configuration, we suggest tiet major isomer formed presents the
configuration in hydrazine double-bond C2=NEigure 3) [26-29,37,38]. Besides, a

representative NMRH spectrum of compoun2b is presented in Supplementary Material.
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Figure 3: IsomerismZ or E in hydrazine double-bond C2=N2.

Pharmacological evaluation

We assessed host cell cytotoxicity in J774 macrgphand HO9c2 rat cardiomyoblasts,

while in vitro anti-T. cruz activity was determined against bloodstream trypsimgates of Y

strain Table 1). Compounds that showed s{Cvalues comparable to benznidazole were

considered active.

Table 1 Anti-T. cruz activity and cytotoxicity effects of thiazol&s28

Trypomastigotes,Y strain Macrophages H9c2
Cpd. Ar/R R
T.cruzi ICsp + S.D. (UM)® CCg2 S.D. (UMf?)  CCso2 S.D. M)

x N
S
N/ \f R,
7-9 N /
Cl
R

cl
CHs H 17.1(x0.7) 33.71 (£ 0.63) 26.12 (= 0.55)
CH,CI H >50 >50 >50
CH; CH; 10.5(x1.5) 41.76 (£ 2.98) >50
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21
22
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24

25

26

27
28

11
13
Bdz

GV

\N/\f

Ry
10-28 /
Cl
Ar
Ci

Ph H >50 >50

Ph CHs, 17.8 (£ 2.1) >50
2-Py H 0.37 (x0.1) 10.06 (£ 1.18)
4-Py H 16.8 (x 0.7) 39.81 (+£0.03)

4-CHsPh H 47.74 (+ 2.38) >50

4-FPh H >50 >50

4-CIPh H >50 >50

2.44iCIPh H >50 >50

3.44iCIPh H >50 >50
2.3.44riCIPh H 6 (£ 1.52) 21.28 (+ 1.98)

4-BrPh H >50 >50

4-BrPh CHs, 19.1 (£ 0.4) >50

4-NO,Ph H >50 >50

3-NO,Ph H >50 >50

4-OCHPh H 17.1 (+ 1.68) >50

4-PhPh H >50 >50

2-Naphtyl H >50 >50

X N S
1
11and 13 //
N
o e
Ph
Cl

CHs H >50 >50

Ph H >50 >50

- - 10.61 (+ 0,87) >50

- - NT 0.45 (+ 0.04)

>50
>50

10.18 (+ 2.52)
41.94 (£ 1.52)
>50
>50

>50
>50
>50

16.97 (= 1.84)
>50

>50
>50
>50
>50

>50
>50

>50
>50
>50

1.5 (+0.7)

[ Determined after 24h of incubation in the preseat@ompounds®™ Determined in J774 cells for 72h after
incubation.” Determined in H9c2 rat cardiomyoblast cells foth 7&fter incubation. NT = not tested. Bdz =
Benznidazole. GV = Gentian violet. S.D. = standdediation.
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Regarding cytotoxicity of the compound&Z8) in J774 macrophages, five compounds
(7, 9, 14, 15, and 21lwere toxic at concentrations less than 50 uM, @rdH9c2 rat
cardiomyoblast cells, only four compounds {4, 15 and 2)lwere toxic at concentrations less
than 50 uM. Beside these compounds, other thiazdiksnot affect the cell viability of
macrophages or cardiomyoblast at concentratiorsb®0 LM. The most toxic congendi)
was about 22 (J774) and 7 (H9c2) times less tdwn the reference inhibitor (gentian violet).

Compound T, ICsouryp= 17.1 pM), which has a methyl in position 4 of théeazole
ring, was one of the most potent compounds in #rées showed trypanocidal property
similar to that of benznidazole @6xyps~ 10.6 pM). Similarly, compound( ICsoiryp= 10.5
KuM), which differs to T) only by one methyl at position 5 of the thiazaley, demonstrated
increased trypanocidal property, being equipotenbénznidazole. Also, compared to the
compound unsubstituted in the phenyl rint0,(ICsoryp= >50 pM) that did not show
trypanocidal activity, inserting a methyl at pasiti 5 of the thiazole ring1@), greatly
increased pharmacological activity, to give a coomub(2, ICsouyp= 17.8 HM) equipotent to
benznidazole. This suggests that substitutionlofl @roups at position 4 and 5 of the thiazole
ring are beneficial for trypanocidal activity, coborating the recent work of de Moraes
Gomes [30,31]. On the other hand, the insertioa ahloromethyl §, ICsotryp= >50 pM) at
position 4 of the thiazole ring has been showntdelmus for trypanocidal activity.

The monopara-substituted compound with methoxX36( ICsoyp= 17.1 pM) was also
equipotent to benznidazole. In the same positiobststution with methyl 16, 1Csouyp— 47.74
M), fluorine (7, ICsouype= >50 pM), chlorine 18, ICsouype= >50 pM) or bromine 42,
ICsowyp= >50 pM) was deleterious for trypanocidal activilysertion of nitro groups in the
meta andpara positions, 24) and @5) also were not beneficial for pharmacologicahatti

Interestingly, the simple insertion of a methyl @dsition 5 of the thiazole ring,

generating compound28, 1Csomryp= 19.1 pM) mongeara-bromo-substituted, produced a

11



compound with similar trypanocidal activity of bemtazole, which corroborates results of
compound 9) and (@2), wherein inserting alkyl substituents at the 5Hpas of the heterocycle
increased pharmacological activity, and should Xgloged by our research group. The tri-
substituted 2',3',4'-tri-chloro compoun@l{ I1Csonryp= 6 M) also showed similar potency
compared to benznidazole, while the simple sulistitufor dichlorinated compounds at the
2',4'- (19 and 3', 4'-20) was not beneficial for trypanocidal activity. Wfeed to evaluate the
influence of exchange of H by methylllj or (13) phenyl in the N3 position of the thiazole
ring, but neither insertion was beneficial for iypcidal activity, in agreement with the recent
work of de Moraes Gomes [30,31].

The exchange of phenyll@ ICsoryp= >50 pM) for heterocycle 2-pyridyl14,
CGCsotryp= 0.37 puM) and 4-pyridyl 15, ICsomyp= 16.8 pM) resulted in increased activity,
giving rise to the most potent compound of theese(i4, 1Csouyp= 0.37 HM), which reminds
us of the importance of the 2-pyridyl heterocyohhich might facilitate binding with a
possible biological target, since it posses a hyenobond acceptor. Compourid was
approximately 28-fold more potent than benznidaz@a& the other hand, exchange for
phenyl-phenyl 27) or naphthyl 28) did not result in increased trypanocidal activity

Altogether, results obtained for the seri@s2@) corroborate literature reports [28—
31,39] that thiazoles are compounds with potenpampcidal activity and low toxicity to
mammalian cells, as observed also in the work dbitlea et al., where compoundd and4k
presented the best activitieSsiapo = 1.2 and 1.uM, respectively [40]. Compound&l and
4k have a 2-pyridyl group as a structural featureilamo compoundl4 described herein.
This leads us to note the importance of this gratmmpoundl4 was approximately 4-fold

more potent thadd and4k (Figure 4).

12



Compound 4d Compound 4k cl
CCsotrypo= 1.6 uM CCsprypo= 1.2 pM

Compound 14
CC50tryp0= 0.36 H.M

.............................................................................................................................................................................................

Figure 4: Summary of SAR for thiazole compounds.

Finally, it is noteworthy that although the molemutarget involved in trypanocidal

properties of 1,3-thiazoles7{28 is not known, the pharmacological properties ipgof

identified is relevant. Screening of the seriees®d compounds), (12), (15), (23) and ¢6)

with trypanocidal activity similar to benznidazolegmpounds9) and @1) as trypanocidal

agents equipotent with the reference drug (BDZYJ aompoundl4 about 28 times more

potent than benznidazole.

The summary of structure activity relationship (9ARpresented ifrigure 5.

Methyl group increased the

S @ trypanocidal activity

! v/
Cl
Methyl or phenyl decreased
the trypanocidal activity @
phenyl; 2-pyridyl, 4-pyridyl; 4-methyl-phenyl; 2,3,4-trichloro-phenyl; 4-

bromo-phenyl and 4-methoxy-phenyl group increased trypanocidal activity

Figure 5: Summary of SAR of trypanocidal activity.
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The inhibitory activity for thiazoles7¢28) against cruzain was also investigated. We
measured cruzain enzymatic activity inhibition ksing an assay based on competition with
the substrate Z-Phe-Arg-aminomethylcoumarin (Z-AR&). Compounds were screened at
10 uM, the maximum concentration at which they wsaieible in the assay buffefdgble 2)
[41].

As proposed by Du et al.[20], the thioamide moleg an important role in the cruzain
inhibition mechanism, however it has been demotestrahat cyclic derivatives, as 1,3-
thiazoles [29], thiazolidin-4-ones [28] and 2,4-dkezoles [42], may also inhibit this enzyme.
In this work, most cyclic derivatives present omhodest inhibitory activity of cruzain,
however, five of most active compounds for trypotigage form @, 9, 12, 16 and23) inhibit
this enzyme by more than 70%, corroborating with literature [29]. Compounds and 9
were most active, respectively with siCvalues of 0.6 and 9 uM, suggesting a possible
mechanism of action these compounds. Compduh(he most active of all series), did not
inhibit cruzain, suggesting that it kills the parady acting on another target.

Table 2 Cruzain inhibition of thiazoles-28.

% cruzain )

Cpd. inhibition % S.D. at 10 uM® CsouM)™

97+ 1 0602
50+5 ND

84+5 9+3
10 50 +8 ND
11 12+5 ND
12 76+ 4 ND
13 31+4 ND
14 17+1 ND
15 3242 ND
16 75+ 5 ND
17 3243 ND
18 3142 ND
19 3549 ND
20 ND ND

14



21 38+8 ND

22 43+3 ND
23 74 +4 ND
24 ND ND
25 33+7 ND
26 41+2 ND
27 44 +8 ND
28 44 +5 ND

[l Determined in a competition assay with ZFR-AM®@gmage for two screer
each in triplicate™ Means relating to at least two sfleterminations. All errol

calculated by the formulaa/\/H , at wheres = standard deviation and n= numbe

of experiments. S.D. = standard deviation. ND = tletermined.

To understand how compoundd affects parasite cells, we performed a staininttp wi
Rhodamine 123, to detect changes in the mitochahdriembrane potential ifT. cruz
trypomastigotes. As seen kigure 6, treatment withl4, at its 1G;, or two times the 16, induced
mithocondria despolarization evidenced by a deeréafkhodamine 123 fluorescence intensity,

which typically lead to apoptosis.

15K 7

1.0K 7

Counts

500

n

3 4 5
10 10 10

Rhodamine 123

Figure 6. Effects of14 on the mitochondrial membrane potential. Overllayvfcytometric
histograms of the control and the 14- treated pesasabeled with Rhodamine 123. The
reduction of Rhodamine 123 fluorescence intensiiginly at the 2x g of 14, indicates the

depolarization of the mitochondrial membrane.
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To confirm the hypothesis of cell death by apog@sdouble staining with annexin V
and propidium iodide was performed for flow cytorget analysis. Eventual
phosphatidylserine flipping in the membrane surfiacan alteration observed in the apoptotic
process, while the collapse of the cell, makingpermable to propidium iodide, is an
alteration observed in the process of necrosis. [A3] shown inFigure 7, in untreated
cultures, most trypomastigotes were negative faream V and Pl staining, demonstrating
cell viability. In comparison to untreated parasjta significant increase in the number of
Annexin V-positive parasites was observed undeattmnent with 14 (0.4 uM) for 24h,

indicating parasite cell death through apoptogisiation.
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Figure 7. Flow cytometry analysis of trypomastigotes treatedvith 14 and stained with
annexin V. (A) Untreated trypomastigotes; (B) trypomastigateated witi4 (0.4 uM); (C)
Percentage of stained cells with annexin V afteh2f treatment witlL4. Values represent

the means + SEM of six determinationsP*% 0.01.

Given the selectivity of these compounds againsbddtream trypomastigotes of
cruzi, we also examined their activity against intradall parasites. To this end, we assessed
an in vitro model of parasite infection using mouse macrophagécted with Y strain
trypomastigotes. Three days after infection, 1592f the untreated macrophages were
infected, and a high number of amastigotes perrmi@frophages were observed. Treatment
with 5 uM of benznidazole reduced the number okdtdd cells and the number of
intracellular amastigote$€ 0.001). We then tested the most potent compahiat;ole (4),
at concentrations of 8, 2 and 0.5 uM. As showhigure 8, this compound inhibited. cruz
infection in a concentration dependent manner, doedguipotent to benznidazole at
concentration of 2 uM, and showing higher poter@ntbenznidazole at concentration of 8

UM (P < 0.001).
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Figure 8. Thiazolel4 affects intracellular parasite development. Thee@atage of infected

macrophagesA() and the relative number of amastigotes per 10€rophagesk) are higher
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in untreated controls than in cultures treated wgbt compoundl4 or Bdz. Infected
macrophages were treated for 3 days with compoandsthen analyzed in Perkin-Elmer
Opera confocal microscope after staining with hbescValues represent the means + SEM
of six determinations. **P < 0.001; **P < 0.01; *P< 0.05. Bdz (benznidazole; M) was

used as a positive control.

The antiparasitic effect df4 and benznidazole in combination was also invesja
against trypomastigotes. Such experiment is impbti@cause combination therapies can be
a valuable tool to improve treatment efficacy agduce dose levels and toxicity, as well as to
prevent the potential development of resistancechwvimay be advantages for the treatment of
parasitic diseases [44,45]. The combination indalues of 0.37+0.09 associated with a
concave isobologram reveals thbd demonstrates synergistic effects with benznidazole

against the bloodstream parasitesitro, showing a promising profile for drug combination

(Figure 9).
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Figure 9. Isobologram describing the synergistic &cts of 14 and benznidazole on

trypomastigotes viability. Broken lines correspond to the predicted posstiaf the
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experimental points for additive effects. A combioa index of 0.37£0.09 was calculated

according to Chou & Talalay [46].

Next, in vivo studies to evaluate the effects Ief againstT. cruz infection in mice
(acute phase) were performed. As shownFigure 10, treatment with compound4
significantly P < 0.001) reduced blood parasitaemia when compardd mite treated with
vehicle Figure 10). At dose of 25 mg/kgadministration of compount4 caused a reduction
in blood parasitaemia of 54.6 and 64.1 % at dage®B12 post infection respectivelyable
3). In the group treated with benznidazole, it wasavved > 99% of inhibition of blood
parasitaemia, indicating that eradication of infattvas achieved. Treatment with, similar
to the treatment with benznidazole, had a proteadffect on mortally{able 3). Mice from
benznidazole ot4 treated groups did not show any behavioral altamatr signs of toxicity

(data not shown).
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Figure 10. Parasitaemia of BALB/c mice infected with cruzi and treated witi4. Female
BALB/c mice were infected with 0¥ strain trypomastigotes. Five days after infetfimice
were treated orally witid4 (25 mg/kg) or benznidazole (100 mg/kg) once a diayng five
consecutive days. Parasitemia was monitored bytowuthe number of trypomastigotes in
fresh blood samples. Values represent the meant&Hmice per group. *P < 0.01; ***

P < 0.001 compared to untreated-infected group (VWehic

Table 3. Parasitemia and mortality evaluation in mice itdecwith Y strainT. cruz and
treated daily withl4 or benznidazole for 5 days.

Sample Dose (mg/Kg) % Blood parasitemia reductiom mice® Mortality
8dpi 12 dpi
14 25 54.6% 64.1 1/6
BDZ 100 >99 >99 0/6
Vehicle - - - 5/6

aCalculated as ([average vehicle group — averageemegroup)/average vehicle group] x 1008)ortaly was
monitored until 30 days after treatment. Dpi = dpgst-infection. BDZ = benznidazole. Vehicle = watied and

infected group.

Finally, we evaluated if the compounds synthesizkdt properties within the
Lipinski’'s Rule of Five, which are important for gfmacokinetics and drug development.
Compound obeying at least three of the four catare to considered to adhere to the
Lipinski Rule [47]. Other interest property is thelar surface area (PSA), since compounds
with a low PSA € 140 &) tend to have higer oral bioavailability [48,49jll compounds
synthetized, excef@4 and25, are compatible with Lipinski Rule and presentrappate PSA

(Table 4).
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Table 4: Physicochemical properties calculated for the thes

Compd. MW (g/mol) ClogP H bond donors H bond acceptors Criteria met PSA A?
Desirable Value <500 <5 <5 <10 3 at least <140
7 300.2 4.33 1 3 All 37.28
8 334.64 4.86 1 4 All 37.28
9 314.23 4.97 1 3 All 37.28
10 362.27 6.22 1 3 3 37.28
11 376.3 4.84 0 3 All 27.96
12 376.3 6.87 1 3 3 37.28
13 438.37 6.51 0 3 3 27.96
14 363.26 4.29 1 4 4 50.17
15 363.26 5.01 1 4 3 50.17
16 376.3 6.74 1 3 3 37.28
17 380.26 6.37 1 3 3 37.28
18 396.71 6.83 1 3 3 37.28
19 431.16 7.44 1 3 3 37.28
20 431.16 7.44 1 3 3 37.28
21 465.6 8.04 1 3 3 37.28
22 441.17 7.00 1 3 3 37.28
23 455.2 7.64 1 3 3 37.28
24 407.27 6.17 1 5 2 80.42
25 407.27 6.17 1 5 2 80.42
26 392.3 6.07 1 4 3 46.51
27 438.37 7.88 1 3 3 37.28
28 412.33 7.22 1 3 3 37.28

Considering the aim to identify a new antitryparmatid, the analysis of the results

depicted inTable 1, allowed the selection of compourdd as a trypanosomicidal agent.
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Therefore, its physicochemical and ADME propertiese calculated using the SwissADME
(a free web tool to evaluate pharmacokinetics, dikepess and medicinal chemistry
friendliness of small molecules) and the resultseweompared to those obtained for
benznidazoleTable 5).

Table 5. Physico-chemistry properties and ADME profilecoimpoundd 4 and benznidazole

calculated using the Program SwissADME.

Compounds
Predicted properties
14 Benznidazole
MW (g/mol) 363.23 260.25
H-Donors 1 1
H-Acceptors 4 4
Rotatable Bonds 4 6
LogP 4.29 0.66
Solubility 1.07 mg/mL 2.27 mg/mL
Gl absorption High High
Bioavailability Score 0.55 0.55

As demonstrated ifable 5, the druglikeness of compouridt was very similar to
benznidazole, with no violations of Lipinsky's r@e5 [47]. Regardless of the poor solubility
(predicted in buffer at pH of 6.5), compouhd was shown to be highly permeable based on
gastrointestinal absorption (Gl), according to B@ILED-Egg predictive model (Brain Or
IntestinaL EstimateD permeation method). These lteesnere similar to benznidazole.
Compound 14 was expected to have an oral bioavailability scofe0.55 as well as
benznidazole Table 5. Taken together, this data, suggests a goosdlico druglikeness
profile and great chemical stabilities for compoutl In fact, thein vivo efficacy of 14

reinforces this ideia.
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Conclusions

The 1,3-thiazoles were structurally designed by legipg the non-classical
bioisosteric exchange of a thiazolidin-4-one ringéthiazole heterocycle. This led to the
synthesis and chemical characterization of compeuérzB which were evaluated concerning
their antiT. cruz, cytotoxicity and cruzain inhibition activities. h& pharmacological
evaluation led to the identification of thiazol@s 9, 12, 14, 15, 21, 28hd 26) as potents anti-
T. cruzi agent. Concerning their mechanism of action, sai¢hese compounds inhibit
cruzain and compountl4 was observed to induce parasite cell death thr@rglapoptotic
process, as indicated by the induced depolarizatibrihe mitochondrial membrane in
Rhodamine 123 labeling assay. Compodiddvas also able to inhibit in vitro infection By
cruzi, showed synergistic effect with the reference dsalgpwing a promising profile for drug
combination, and at dose of 25 mg/kg caused a tiedum blood parasitaemia of 54.6 and
64.1 % at days 8 and 10 post infection respectivEhgese results suggest that the strategies

used are promising to obtain novel potent and seteantiparasitic agents.
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Reagents and spectra analysis

All reagents were used as purchased from commesoalces (Sigma-Aldrich, Acros
Organics, Vetec, or Fluka). Progress of the reastiovas followed by thin-layer
chromatography (silica gel 60 F254 in aluminum)foifurity of the target compounds was
confirmed by combustion analysis (for C, H, N, Srfprmed by a Carlo-Erba instrument
(model EA 1110). IR was determined in KBr pelldétsr NMR, we used a Bruker AMX-300
MHz (300 MHz for'*H and 75.5 MHz fof*C) instruments. DMS@ or D,O were purchased
from CIL. Chemical shifts are reported in ppm, andltiplicities are given as s (singlet), d
(doublet), t (triplet), g (quartet), m (multiplegnd dd (double doublet), and coupling constants
(J) in hertz. NH signals were localized in each speutafter the addition of a few drops of
D,O. Structural assignments were corroborated by DERa@lysis. Mass spectrometry
experiments were performed on a Q-TOF spectrome@iT-TOF (Shimadzu). When
otherwise specified, ESI was carried out in theitp@sion mode. Reactions in a ultrasound

bath were carried out under frequency of 40 kHD (8 and without external heating.

General procedure for the synthesis of thiosemaarbes §-c). Example for compound4):
Synthesis of 1-(3,4-dichlorophenyl)-ethylidenetleimscarbazone 6@). Under magnetic
stirring: in a 100 mL round-bottom flask, 1.06 mn{6l097 g) of thiosemicarbazide, 1.06
mmol (0.2 g) of 3',4’-dichloroacetophenone, 4 dragsH,SO, and 20 mL of ethanol were
added and maintained under magnetic stirring afhairéor 20 h. After cooling back to rt, the
precipitate was filtered in a Bichner funnel withsiatered disc filter, washed with cold
ethanol, and then dried over SiQProduct was purified by recrystallization in Hotuol.

Colorless crystals, m.p.: 187-189 °C; yield: 0.13806).
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Under ultrasound irradiation: in a 10 mL round-baoit flask, 1.06 mmol (0.097 g) of
thiosemicarbazide, 1.06 mmol (0.2 g) of 3',4’-dmtdacetophenone, 4 drops 030, and
20 mL of ethanol were added and maintained in rsdund bath for 30 min. After cooling
back to rt, the precipitate was filtered in a Biehfunnel with a sintered disc filter, washed
with cold ethanol, and then dried over &i®roduct was purified by recrystallization in hot
toluol. Colorless crystals, m.p.: 187-189 °C; yield22 g (80%); R 0.56 (toluol / ethyl
acetate 6:4). IR (KBr): 3427 (N 3399 (NH), 3138 (C-H), 1591 (C=N) ém'H NMR (300
MHz, DMSO-dq): 5 2.27 (s, 3H, Ch), 7.58 (d, 1H, 9.37 Hz, Ar), 7.86 (dd, 1H] 9.37 and
3.75 Hz, Ar), 8.18 (s, 1H, NB, 8.26 (d, 1H,) 3.75 Hz, Ar), 8.36 (s, 1H, N#} 10.29 (s, 1H,
NH). Signals a6 8.18, 8.36 and 10.29 ppm disapear after addiu@ BC NMR (75.5 MHz,
DMSO-dg): 5 13.8 (CH), 126.7 (CH, Ar), 128.2 (CH, Ar), 130.2 (CH, Ad31.3 (C, Ar),
131.6 (3CIC, Ar), 138.2 (4CIC, Ar), 145.312 (C=N)79.0 (C=S). HRMS (ESI): 259.9565
[M-H]". Anal. calcd for GHgCloNsS: C, 41.23; H, 3.46; N, 16.03; S, 12.23. Found4G21;
H, 3,61; N, 16,36; S, 12,78.

1-(3,4-dichlorophenyl)ethylideno-4-methylthiosemilzazone §b). Recrystallization in hot
toluol afforded colorless crystal, m.p.: 195-197 §ield: 0.24 g (84%); R 0.7 (toluol / ethyl
acetate 6:4). IR (KBr): 3343 e 3219 (NH), 1547 (G=Ni’. *H NMR (300 MHz, DMSOd):
§2.28 (s, 3H, Ch), 3.04 (d, 3H,) 6 Hz, N-CH, coupling with N—H), 7.63 (d, 1H 8.57 Hz,
Ar), 7.88 (dd, 1H,) 8.57 and 2.14 Hz, Ar), 8.23 (d, 18i2.14 Hz, Ar), 8.61 (broad d, 1H,6
Hz, CH~NH), 10.33 (s, 1H, NH)**C NMR (75.5 MHz, DMSQdg): & 13.8 (CH), 31.1 (N—
CHs), 126.7 (CH, Ar), 128.1 (CH, Ar), 130.2 (CH, A31.3 (C, Ar), 131.5 (3CIC, Ar),
138.3 (4CIC, Ar), 145.0 (C=N), 178.6 (C=S). HRMSS(E 275.9475 [M+H]. Anal. calcd
for CoH11CIbNsS: C, 43.49; H, 4.01; N, 15.21; S, 11.61. Foundd&34; H, 3.98; N, 15.55;

S, 11.74.
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1-(3,4-dichlorophenyl)ethylidene)-4-phenylthiosearltazone &c). Recrystallization in hot
toluol afforded colorless crystal, m.p.: 200-202 $i@ld: 0.32 g (89%); R 0.73 (toluol / ethyl
acetate 6:4). IR (KBr): 3309 and 3239 (NH), 3046H); 1523 (C=N) crit. *H NMR (300
MHz, DMSO-dg): & 2.36 (s, 3H, Ch), 7.23 (t, 1H,J 7.21 Hz, Ar), 7.38 (t, 2H] 7.21 Hz, Ar),
7.51 (d, 2H, 7.21 Hz, Ar), 7.64 (d, 1H] 9.09 Hz, Ar), 7.97 (dd, 1H} 9.09 and 2.72 Hz, Ar),
8.34 (d, 1HJ 2.72 Hz, Ar), 10.18 (s, 1H, NH), 10.66 (s, 1H, AN°C NMR (75.5 MHz,
DMSO-dg): § 14.2 (CH), 125.6 (CH, Ar), 126.5 (CH, Ar), 127.0 (CH, Aj)28.1 (CH, Ar),
128.4 (CH, Ar), 130.2 (CH, Ar), 131.3 (C, Ar), 1843CIC, Ar), 138.1 (4CIC, Ar), 139.2 (C—
N, Ar), 146.3 (C=N), 177.3 (C=S). HRMS (ESI): 33678 [M+H]". Anal. calcd for
CisH13CINsS: C, 53.26; H, 3.87; N, 12.42; S, 9.48. Found5823; H, 3.84; N, 12.31; S,
9.32.

General procedure for the synthesis of 1,3-thiazdie9): Example for compound7):
Synthesis of 2-[1-(3,4-dichlorophenyl)ethylidenohszinyl]-4-methyl-1,3-thiazole7). In a 50
mL round-bottom flask, 0.76 mmol (0.2 g) of thioseanbazone@a) was dissolved in 30 mL
of ethanol followed by addition of 3.04 mmol (0.8% of sodium acetate. After stirring and
heating for 15 min., 1.14 mmol (0.105 g) of 2-cblacetone was added in portions and the
mixture was maintained under stirring and reflux & h. After cooling back to rt, the
precipitate was filtered off and the solvent waapmrated under reduced pressure. The crude
mixture was crystallized in hot water, affordingtn crystals, m.p.: 102-104 °C; yield: 0.18 g
(78%). R: 0.57 (toluol / ethyl acetate 6:4). IR (KBr): 3180H), 1568 (C=N) crit. *H NMR
(300 MHz, DMSO#d): 6 1.88 (s, 3H, Ch), 2.15 (s, 3H, Ch), 6.30 (s, 1H, CH thiazole), 7.63
(d, 1H,J 8.4 Hz, Ar), 7.71 (dd, 1H] 8.4 and 1.8 Hz, Ar), 7.90 (d, 18,1.8 Hz, Ar), 11.99 (s,
1H, NH). °C NMR (75.5 MHz, DMSOdg): & 16.4 (CH), 21.4 (CH), 101.8 (CH thiazole),
125.5 (CH, Ar), 127.0 (CH, Ar), 130.5 (CH, Ar), 130(C, Ar), 131.2 (3CIC, Ar), 138.8

(4CIC, Ar), 144.5 (C, thiazole), 169.5 (C=N), 172(8-C=N). HRMS (ESI): 300.0168
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[M+H]*. Anal. calcd for GH1:CIoNsS: C, 48.01; H, 3.69; N, 14.00; S, 10.68. Found4&07;
H, 3.96; N, 14.07; S, 10.65.
4-(chloromethyl)-2-[1-(3,4-dichlorophenyl)ethylidefydrazinyl]-thiazole ].
Recrystallization in hot ethanol afforded brown steys, m.p.: 124-126 °C; vyield: 1.12 g
(88%); R= 0.64 (toluol / ethyl acetate 6:4). IR (KBr): 3065-H), 1561 (C=N) cil. '"H NMR
(300 MHz, DMSOd): & 2.68 (s, 3H, Ch), 4.64 (s, 2H, Ch), 6.96 (s, 1H, CH thiazole), 7.15
(dd, 1H,J 8.4 and 2.1 Hz, Ar), 7.28 (d, 182.1 Hz, Ar), 7.42 (d, 1H] 8.4 Hz, Ar).”*C NMR
(75.5 MHz, DMSO#): 5 15.8 (CH), 46.5 (CH), 111.6 (CH thiazole), 126.3 (CH, Ar), 130.2
(CH, Ar), 131.1 (CH, Ar), 132.4 (C, Ar), 132.6 (Br), 133.2 (C, Ar), 147.8 (C, Ar), 151.6
(C=N), 162.2 (S-C=N). HRMS (ESI): 333.9613 [M-HJAnal. calcd for GH1ClsNsS: C,
43.07; H, 3.01; N, 12.56; S, 9.58. Found: C, 43H,73.00; N, 12.42, S, 9.69.
2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-4chmethylthiazole 9). Recrystallization in
hot ethanol afforded yellow crystals, m.p.: 157-289 yield: 0.55 g (46%); R 0.51 (toluol /
ethyl acetate 6:4). IR (KBr): 3197 (NH), 2918 (C;Hb46 (C=N) crit. *H NMR (300 MHz,
DMSO-dg): & 2.04 (s, 3H, Ch), 2.12 (s, 3H, Ch), 2.25 (s, 3H, Ch), 7.63 (d, 1H,J 8.4 Hz,
Ar), 7.71 (dd, 1H,J 8.4 andJ 2.1 Hz, Ar), 7.90 (d, 1H] 2.1 Hz, Ar), 11.52 (s, 1H, NH}C
NMR (75.5 MHz, DMSOdg): & 11.3 (CH), 13.8 (CH), 21.5 (CH), 112.0 (S-C-CH
thiazole), 125.9 (CH, Ar), 127.3 (CH, Ar), 130.9HCAr), 130.98 (C, Ar), 131.6 (3CIC, Ar),
139.4 (4CIC, Ar), 145.2 (N-C-CH thiazole), 167.4 (C=N), 172.5 (S—C=N). HRMS (ESI)
313.9612 [M+H]. Anal. calcd for GsH13CbN3sS: C, 49.69; H, 4.17; N, 13.37; S, 10.20.
Found: C, 49.35; H, 4.28; N, 13.27, S, 10.30.

General procedure for the synthesis of 1,3-thiaz@@€-28: Example for compoundl1():
Synthesis of 2-[1-(3,4-dichlorophenyl)ethylidenedhgzinyl]-4-phenylthiazole 10). Under
ultrasound irradiation: in a 100 mL round-bottonask, 3.81 mmol (0.76 g) of 2-

bromoacetophenone and 25 mL of isopropanol wer@ddehd maintained in a ultrasound
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bath, the mixture was sonicated at room temperatumté complete solubilization of the
reagents. Then it was added 3.81 mmol (1.0 g) efddmpound §a). Immediately after
addition, there was complete solubilisation andngeaof color of the reaction mixture from
light yellow to gray. The mixture was kept undetragonic bath at room temperature for 2
hours. Thereafter, the precipitate formed wasrélie washed with isopropanol and dried in
over SiQ. The product was recrystallised in hot ethanol ethanol 2: 1, affording gray
crystals, m.p.: 259-261 °C; yield: 0.98 g (71%j). BR62 (toluol / ethyl acetate 6:4). IR (KBr):
2918 (CH), 1612 (C=N) cih 'H NMR (300 MHz, DMSOds): & 2.31 (s, 3H, Ch), 7.30-7.43
(m, 4H, Ar), 7.65-7.94 (m, 5H, Ar), 11.25 (s, IHHN *C NMR (75.5 MHz, DMSOdg): &
11.5 (CHy), 102.1 (CH thiazole), 123.2 (CH, Ar), 123.4 (CAt), 124.9 (CH, Ar), 125.3 (CH,
Ar), 126.3 (CH, Ar), 128.2 (CH, Ar), 130.98 (C, A31.6 (3CIC, Ar), 135.0 (C, Ar), 139.4
(4CIC, Ar), 143.9 (C, Ar), 150.0 (C=N), 170.0 (SHC= HRMS (ESI): 361.9579 [M+H]
Anal. calcd for G/H13ClLNsS: C, 56.36; H, 3.62; N, 11.60; S, 8.85. Found5&34; H, 3.69;
N, 11.51; S, 8.84.
2-[1-(3,4-dichlorophenyl)ethylidene-hydrazono]-3tmg-4-phenyl-2,3-dihydrothiazole 1().
Recrystallization in hot ethanol afforded yellowystials, m.p.: 247-248 °C; yield: 1.12 g
(82%); R= 0.93 (toluol / ethyl acetate 6:4). IR (KBr): 30@5-H), 1593 (C=N) cil. 'H NMR
(300 MHz, DMSO6g): 5 2.40 (s, 3H, Ch), 3.40 (s, 3H, N-Ch), 6.59 (s, 1H, CH thiazole),
7.51 (m, 5H, Ar), 7.67 (d, 1H] 8.4 Hz, Ar), 7.80 (d, 1H] 8.4 Hz, Ar), 7.98 (s, 1H, Ar}°C
NMR (75.5 MHz, DMSOs): & 14.2 (CH), 34.1 (N-CH), 101.8 (CH thiazole), 125.9 (CH,
Ar), 127.4 (CH, Ar), 128.8 (CH, Ar), 129.4 (CH, Ar}30.0 (CH, Ar), 130.6 (C, Ar), 131.3
(3CIC, Ar), 138.8 (4CIC, Ar), 141.0 (N-C-C, thiae)) 152.5 (C=N), 170.1 (S—C=N). HRMS
(ESI): 375.9459 [M+H]. Anal. calcd for GgH1sCl,N3S: C, 57.45; H, 4.02; N, 11.17; S, 8.52.

Found: C, 57.51; H, 3.98; N, 11.43; S, 8.55.
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2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-5ethyl-4-phenylthiazole 1Q2).
Recrystallization in hot ethanol afforded beigestays, m.p.: 234-236 °C; yield: 1.16 g (81%);
R= 0.54 (toluol / ethyl acetate 6:4). IR (KBr): 3082-H), 1619 (C=N) cnl. 'H NMR (300
MHz, DMSO-dg): & 2.35 (s, 3H, Ch), 2.38 (s, 3H, N-Ch), 7.42-7.62 (m, 5H, Ar), 7.69 (d,
1H,J 8.4 Hz, Ar), 7.83 (d, 1HJ 8.4 Hz, Ar), 8.65 (s, 1H, Ar}3C NMR (75.5 MHz, DMSO-
de): 5 12.4 (CH), 14.7 (CH), 117.9 (S-C-CH thiazole), 126.6 (CH, Ar), 127.6 (CH, Ar),
128.0 (CH, Ar), 128.1 (CH, Ar), 128.9 (CH, Ar), 181(C, Ar), 131.8 (3CIC, Ar), 132.0
(4CIC, Ar), 138.4 (N-C-C, thiazole), 165.9 (C=NB712 (S—C=N). HRMS (ESI): 375.9648
[M+H]". Anal. calcd for GgH1sCINsS: C, 57.45; H, 4.02; N, 11.17; S, 8.52. Found5T.34;
H, 3.95; N, 11.21; S, 8.58.
2-[1-(3,4-dichlorophenyl)ethylidene-hydrazono]-3lghenyl-2,3-dihydrothiazole 1Q).
Recrystallization in hot toluol afforded beige dajs, m.p.: 170-172 °C; yield: 0.23 g (61%);
Ri= 0.96 (toluol / ethyl acetate 6:4). IR (KBr): 15@nd 1515 (C=N) cih *H NMR (300
MHz, DMSO-dg): & 2.16 (s, 3H, Ch), 6.67 (s, 1H, CH thiazole), 7.16-7.52 (m, 10H),At.65
(d, 1H,J 8.4 Hz, Ar), 7.76 (dd, 1H] 8.4 and 1.8 Hz, Ar), 7.95 (d, 18,1.8 Hz, Ar).”*C NMR
(75.5 MHz, DMSOe): & 14.1 (CH), 102.1 (CH thiazole), 125.6 (CH, Ar), 125.8 (CAt),
126.5 (CH, Ar), 127.0 (CH, Ar), 127.3 (CH, Ar), 1Z7CH, Ar), 128.1 (CH, Ar), 128.2 (CH,
Ar), 128.4 (CH, Ar), 128.7 (CH, Ar), 130.2 (CH, A30.5 (CH, Ar), 130.6 (CH, Ar), 131.1
(C, Ar), 131.2 (C, Ar), 137.5 (C, Ar), 138.9 (C,)A139.6 (C, Ar), 153.2 (C=N), 169.9 (S—
C=N). HRMS (ESI): 438.0271 [M+H] Anal. calcd for GsH1-CloNsS: C, 63.02; H, 3.91; N,
9.59; S, 7.31. Found: C, 62.45; H, 4.08; N, 9.63.86.
2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-gytidin-2-yl)thiazole 14).
Recrystallization in hot ethanol afforded greenstals, m.p.: 227 °C; yield: 1.0 g (72%)=-R
0.46 (toluol / ethyl acetate 6:4). IR (KBr): 3380H), 3165 (CH), 1615 and 1597 (C=N) ¢m

'H NMR (300 MHz, DMSOdg): § 2.35 (s, 3H, Ch), 7.68-7.79 (m, 3H, Ar), 7.97-8.10 (m, 2H,
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Ar), 8.24-8.36 (m, 2H, Ar), 8.64-8.72 (m, 1H, Af)1.00 (s, 1H, NH)**C NMR (75.5 MHz,
DMSO-ds): & 14.0 (CH), 117.1 (CH thiazole), 124.3 (CH, Ar), 125.8 (CAt), 127.3 (CH,
Ar), 130.6 (CH, Ar), 131.3 (CH, Ar), 138.2 (C, A)38.9 (C, Ar), 139.6 (C, Ar), 1455 (C,
Ar), 153.2 (C=N), 169.9 (S—-C=N)HRMS (ESI): 362.9710 [M+H] Anal. calcd for
Ci6H12CINsS: C, 52.90; H, 3.33; N, 15.42; S, 8.83. Found5£85; H, 3.38; N, 15.72; S,
8.88.

2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-gytidin-4-yl)thiazole 15).
Recrystallization in hot ethanol afforded greerstais, m.p.: 197 °C; yield: 1.05 g (75%)}=R
0.5 (toluol / ethyl acetate 6:4). IR (KBr): 1630dah561 (C=N) crt. 'H NMR (300 MHz,
DMSO-dg): 5 2.31 (s, 3H, Ch), 7.63 (d, 1H, 7.8 Hz), 7.71 (d, 1H] 7.8 Hz, Ar), 7.89 (s, 1H,
Ar), 8.36 (d, 2H,J 5.7 Hz, Ar), 8.72 (s, 1H, CH thiazole), 8.93 (#),3 5.7 Hz, Ar), 11.72 (s,
1H, NH). **C NMR (75.5 MHz, DMSQdg): 5 14.0 (CH), 117.0 (CH thiazole), 122.0 (CH,
Ar), 125.7 (CH, Ar), 127.3 (CH, Ar), 130.6 (CH, A131.3 (CH, Ar), 138.1 (C, Ar), 142.1 (C,
Ar), 145.1 (C, Ar), 145.9 (C, Ar), 149.1 (C, Ar)53.2 (C=N), 170.3 (S—C=N). HRMS (ESI):
363.7868 [M+H]. Anal. calcd for GgH1.CIN,4S: C, 52.90; H, 3.33; N, 15.42; S, 8.83. Found:
C, 52.70; H, 3.37; N, 15.41; S, 8.88.
2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-g-{olyl)thiazole (6). Recrystallization in
hot ethanol afforded beige crystals, m.p.: 256-&58yield: 1.21 g (84%); & 0.75 (toluol /
ethyl acetate 6:4). IR (KBr): 3030 (CH), 1608 (C=t)i*. *H NMR (300 MHz, DMSO¢): &
2.30 (s, 3H, CH), 2.31 (s, 3H, Ch), 7.19-7.26 (m, 3H, Ar), 7.63-7.76 (m, 4H, Ar)94.(s,
1H, Ar), 11.50 (s, 1H, NH)}*C NMR (75.5 MHz, DMSOdg): & 13.9 (CH), 20.8 (CH), 103.6
(CH thiazole), 125.6 (CH, Ar), 125.8 (CH, Ar), 1371CH, Ar), 129.2 (CH, Ar), 130.6 (CH,
Ar), 131.2 (C, Ar), 131.3 (C, Ar), 137.1 (C, Ar)38.3 (C, Ar), 144.8 (C, Ar), 149.4 (C, Ar),
169.3 (C=N), 172.2 (S—C=N). HRMS (ESI): 375.9742{M]". Anal. calcd for GgH15CIN3S:

C,57.45;H, 4.02; N, 11.17; S, 8.52. Found: C157H, 4.00; N, 10.86; S, 8.42.
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2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-4-fluorophenyl)thiazole 17).
Recrystallization in hot ethanol afforded beigestays, m.p.: 267-269 °C; yield: 0.85 g (80%);
R= 0.66 (toluol / ethyl acetate 6:4). IR (KBr): 2923H), 1615 (C=N) ci. *H NMR (300
MHz, DMSO-dg): § 2.29 (s, 3H, Ch), 7.20-7.25 (m, 2H, Ar), 7.31 (s, 1H, CH thiazol@)62
(d, 1H,J 8.4 Hz, Ar), 7.72 (d, 1H] 8.4 Hz, Ar), 7.85-7.89 (m, 2H, Ar), 7.91 (s, 1H)ASC
NMR (75.5 MHz, DMSOdg): § 13.9 (CH), 104.3 (CH thiazole), 115.4 (CH, Ar), 115.7 (CH,
Ar), 125.7 (CH, Ar), 127.3 (CH, Ar), 127.6 (CH, A)27.7 (CH, Ar), 130.6 (CH, Ar), 131.2
(C, Ar), 131.3 (C, Ar), 138.3 (C, Ar), 144.8 (C,)A148.6 (C=N), 160.1 and 163.3 (d, C-F,
Ar), 169.5 (S—-C=N). HRMS (ESI): 379.9738 [M+H]Anal. calcd for GHi,CLFNsS: C,
53.69; H, 3.18; N, 11.05; S, 8.43. Found: C, 53533.52; N, 10.95; S, 8.42.
4-(4-chlorophenyl)-2-[1-(3,4-dichlorophenyl)ethydide-hydrazinyl]thiazole 18).
Recrystallization in hot ethanol afforded beigestays, m.p.: 266-268 °C; yield: 1.2 g (79%);
Ri= 0.72 (toluol / ethyl acetate 6:4). IR (KBr): 3042H), 1611 (C=N) ci. *H NMR (300
MHz, DMSO-de): & 2.28 (s, 3H, Ch), 7.38 (s, 1H, CH thiazole), 7.43 (d, 2H8.1 Hz, Ar),
7.61 (d, 1H,J 8.4 Hz, Ar), 7.70 (d, 1HJ 8.4 Hz, Ar), 7.84 (d, 2HJ] 8.1 Hz, Ar), 7.90 (s, 1H,
Ar), 10.59 (s, 1H, NH)**C NMR (75.5 MHz, DMSOdq): 5 13.9 (CH), 105.3 (CH thiazole),
125.7 (CH, Ar), 127.3 (CH, Ar), 128.4 (CH, Ar), 1BgCH, Ar), 128.7 (CH, Ar), 129.5 (CH,
Ar), 130.6 (CH, Ar), 131.2 (C, Ar), 131.3 (C, Ad)32.1 (C, Ar), 133.1 (C, Ar), 138.3 (C, Ar),
144.6 (N-C—C, Ar), 148.6 (C=N), 169.5 (S—C=N). HRNESI): 395.9470 [M+H]. Anal.
calcd for G/H12ClsNsS: C, 51.47; H, 3.05; N, 10.59; S, 8.08. Found5L.35; H, 3.22; N,
10.58; S, 7.93.

4-(2,4-dichlorophenyl)-2-[1-(3,4-dichlorophenyl)gtidene-hydrazinyl]thiazole 10).
Recrystallization in hot ethanol afforded gray tajs m.p.: 244-246 °C; yield: 0.9 g (54%);
Ri= 0.65 (toluol / ethyl acetate 6:4). IR (KBr): 2923H), 1623 (C=N) cnl. *H NMR (300

MHz, DMSO-): 6 2.31 (s, 3H, CH), 7.44 (s, 1H, CH thiazole), 7.51 (dd, 1H8.4 and 2.1
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Hz, Ar), 7.69 (d, 1H, 8.4 Hz, Ar), 7.70-7.74 (m, 1H, Ar), 7.77 (d, 182.1 Hz, Ar), 7.94-
7.95 (m, 2H, Ar), 11.51 (s, 1H, NHJ*C NMR (75.5 MHz, DMSOdg): § 15.8 (CH), 119.0
(CH thiazole), 128.3 (CH, Ar), 128.4 (CH, Ar), 189CH, Ar), 128.7 (CH, Ar), 129.5 (CH,
Ar), 132.6 (CH, Ar), 131.2 (C, Ar), 131.3 (C, Ad)32.1 (C, Ar), 133.1 (C, Ar), 138.3 (C, Ar),
144.6 (C, Ar), 151.6 (C=N), 170.1 (S—C=N). HRMS (E@29.9246 [M+H]. Anal. calcd for
Ci17H11CIYN3S: C, 47.36; H, 2.57; N, 9.75; S, 7.44. Found: T6@; H, 2.61; N, 9.71; S, 7.50.
4-(3,4-dichlorophenyl)-2-[1-(3,4-dichlorophenyl)gtidene-hydrazinyl]thiazole 20).
Recrystallization in hot ethanol afforded beigestays, m.p.: 266-268 °C; yield: 1.2 g (79%);
R= 0.76 (toluol / ethyl acetate 6:4). IR (KBr): 3043H), 1616 (C=N) cn. *H NMR (300
MHz, DMSO-de): & 2.29 (s, 3H, Ch), 7.56 (s, 1H, CH thiazole), 7.64 (d, 2H8.4 Hz, Ar),
7.72 (dd, 1H,) 8.4 and 1.8 Hz, Ar), 7.83 (dd, 1B18.4 and 1.8 Hz, Ar), 7.91 (d, 1H,1.8 Hz,
Ar), 8.08 (d, 1H,J 1.8 Hz, Ar), 9.20 (s, 1H, NH)*C NMR (75.5 MHz, DMSOdg): & 14.5
(CHs), 107.3 (CH thiazole), 126.2 (CH, Ar), 126.3 (CAt), 127.9 (CH, Ar), 130.3 (CH, Ar),
131.2 (CH, Ar), 131.5 (CH, Ar), 131.8 (C, Ar), 182C, Ar), 132.0 (C, Ar), 132.1 (C, Ar),
135.8 (C, Ar), 139.0 (C, Ar), 144.9 (C, Ar), 1486=N), 170.3 (S—-C=N). HRMS (ESI):
429.8872 [M+H]. Anal. calcd for G;H1:CIlN3S: C, 47.36; H, 2.57; N, 9.75; S, 7.44. Found:
C,47.34;H, 2.30; N, 9.71; S, 7.43.
2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-2;8,4-trichlorophenyl)thiazole 20).
Recrystallization in hot ethanol afforded oranggstals, m.p.: 214-217 °C; yield: 0.23 g
(13%); R= 0.55 (toluol / ethyl acetate 6:4). IR (KBr): 29@2H), 1621 and 1567 (C=N) ¢h
'H NMR (300 MHz, DMSOd): § 2.74 (s, 3H, Ch), 7.12 (s, 1H, CH thiazole), 7.18 (dd, 1H,
J8.1 and 1.8 Hz, Ar), 7.26 (d, 188.7 Hz, Ar), 7.29 (d, 1H] 1.8 Hz, Ar), 7.40 (d, 1H) 8.7
Hz, Ar), 7.50 (d, 1H,) 8.1 Hz, Ar)."*C NMR (75.5 MHz, DMSOdg): & 15.0 (CH), 119.5 (CH
thiazole), 124.2 (CH, Ar), 126.3 (CH, Ar), 129.2HCAr), 130.2 (CH, Ar), 131.1 (CH, Ar),

131.7 (C, Ar), 132.4 (C, Ar), 132.6 (C, Ar), 1322, Ar), 133.4 (C, Ar), 137.5 (C, Ar), 143.5
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(C, Ar), 152.0 (C=N), 170.1 (S—-C=NHRMS (ESI): 465.8882 [M+H] Anal. calcd for
Ci17H10CIsN3S: C, 43.85; H, 2.16; N, 9.02; S, 6.89. Found: £9@; H, 1.94; N, 9.06; S, 6.81.
4-(4-bromophenyl)-2-[1-(3,4-dichlorophenyl)ethyliieehydrazinyl]thiazole 22).
Recrystallization in hot ethanol afforded gray tays m.p.: 265-267 °C; yield: 1.10 g (65%);
R= 0.71 (toluol / ethyl acetate 6:4). IR (KBr): 2986H), 1616 (C=N) cnl. *H NMR (300
MHz, DMSO-dg): & 2.30 (s, 3H, Ch), 5.19 (s, 1H, NH), 7.42 (s, 1H, CH thiazole), ¥ (8,
2H,J 8.4 Hz, Ar), 7.65 (d, 1H] 8.4 Hz, Ar), 7.73 (dd, 1H] 8.4 and 1.8 Hz, Ar), 7.81 (d, 2H,
J 8.4 Hz, Ar), 7.92 (d, 1HJ 1.8 Hz, Ar).23C NMR (75.5 MHz, DMSOdg): 5 13.8 (CH),
105.3 (CH thiazole), 120.6 (C, Ar), 125.7 (CH, AtR7.3 (CH, Ar), 127.6 (CH, Ar), 129.8
(CH, Ar), 130.6 (CH, Ar), 131.1 (C, Ar), 131.3 (CHIr), 131.5 (CH, Ar), 133.7 (C, Ar), 138.4
(C, Ar), 144.2 (C, Ar), 149.1 (C=N), 169.5 (S—C=MRMS (ESI):437.9016 [M-H]*. Anal.
calcd for G/H12BrClNsS: C, 46.28; H, 2.74; N, 9.52; S, 7.27. Found: €28; H, 2.92; N,
8.55; S, 7.30.
4-(4-bromophenyl)-2-[1-(3,4-dichlorophenyl)ethyliiehydrazinyl]-5-methylthiazole  28).
Recrystallization in hot ethanol afforded beigestajs, m.p.: 270 °C; yield: 1.20 g (69%)}=R
0.65 (toluol / ethyl acetate 6:4). IR (KBr): 29238H), 1622 (C=N) cnrit. *H NMR (300 MHz,
DMSO-dg): & 2.31 (s, 3H, Ch), 2.38 (s, 3H, Ch), 7.56 (d, 1HJ 8.7 Hz, Ar), 7.64 (d, 2H]
3.3 Hz, Ar), 7.67 (d, 2H) 3.3 Hz, Ar), 7.76 (dd, 1H] 8.7 and 1.5 Hz, Ar), 7.97 (d, 18,1.5
Hz, Ar). *C NMR (75.5 MHz, DMSOdg): 5 12.1 (CH), 14.0 (CH), 118.4 (C5 thiazole),
120.8 (C, Ar), 125.9 (CH, Ar), 127.4 (CH, Ar), 130(CH, Ar), 130.5 (CH, Ar), 131.3 (CH,
Ar), 131.5 (CH, Ar), 133.7 (C, Ar), 138.2 (C, A44.2 (C, Ar), 149.1 (C=N), 165.5 (S—
C=N). . Anal. calcd for gH14BrCIoNsS: C, 47.49; H, 3.10; N, 9.23; S, 7.04. Found: T52,;
H, 3.02; N, 9.83; S, 7.05.
2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-4-gitrophenyl)thiazole a4).

Recrystallization in hot ethanol afforded oranggstals, m.p.: 226-228 °C; yield: 1.11 g
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(71%); R= 0.61 (toluol / ethyl acetate 6:4). IR (KBr): 33(MH), 1597 and 1565 (C=N) ¢hn
'H NMR (300 MHz, DMSOsg): § 2.32 (s, 3H, Ch), 7.69 (d, 1H,J 8.7 Hz, Ar), 7.70 (s, 1H,
CH thiazole), 7.76 (dd, 1H,8.7 and 2.1 Hz, Ar), 7.95 (d, 182.1 Hz, Ar), 8.13 (d, 2H] 8.7
Hz, Ar), 8.29 (d, 2HJ 8.7 Hz, Ar).23C NMR (75.5 MHz, DMSOdg): & 16.2 (CH), 106.5 (CH
thiazole), 121.4 (CH, Ar), 123.4 (CH, Ar), 127.0HCAr), 128.6 (CH, Ar), 131.6 (CH, Ar),
132.7 (C, Ar), 132.9 (C, Ar), 137.6 (C, Ar), 139, Ar), 144.5 (C, Ar), 148.6 (C, Ar), 158.6
(C=N), 171.1 (S—C=N). HRMS (ESI): 404.9496 [M*HRAnal. calcd for GH1,ClLN4O,S: C,
50.13; H, 2.97; N, 13.76; S, 7.87. Found: C, 50H,23.00; N, 13.69; S, 8.07.
2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-3-fitrophenyl)thiazole 45).
Recrystallization in hot ethanol afforded oranggstals, m.p.: 234-236 °C; yield: 1.30 g
(83%); R= 0.63 (toluol / ethyl acetate 6:4). IR (KBr): 3089-H), 1614 and 1565 (C=N) ¢h
'H NMR (300 MHz, DMSOsg): § 2.32 (s, 3H, Ch), 7.64 (d, 1H,J 8.4 Hz, Ar), 7.67 (s, 1H,
CH thiazole), 7.69-7.74 (m, 2H, Ar), 7.91 (d, 1H2.1 Hz, Ar), 8.13 (dd, 1H] 8.4 and 2.1 Hz,
Ar), 8.30 (d, 1H,J 7.8 Hz, Ar), 8.69 (s, 1H, Ar}*C NMR (75.5 MHz, DMSOdg): § 14.2
(CHs), 107.5 (CH thiazole), 120.4 (CH, Ar), 122.4 (CAf), 126.0 (CH, Ar), 127.6 (CH, Ar),
130.6 (CH, Ar), 130.9 (CH, Ar), 131.5 (CH, Ar), 131(C, Ar), 131.9 (C, Ar), 136.6 (C, Ar),
138.8 (C, Ar), 144.5 (C, Ar), 148.6 (C=N), 170.1-(3=N). HRMS (ESI): 406.9958 [M+H]
Anal. calcd for G;H12CIbN4O,S: C, 50.13; H, 2.97; N, 13.76; S, 7.87. Found5Q.33; H,
2.87; N, 13.77; S, 7.88.
2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-4-(methoxyphenyl)thiazole 20).
Recrystallization in hot ethanol afforded yellowystials, m.p.: 216-218 °C; yield: 1.22 g
(81%); R= 0.6 (toluol / ethyl acetate 6:4). IR (KBr): 29{@-H), 1611 (C=N) cnl. *H NMR
(300 MHz, DMSO¢k): & 2.31 (s, 3H, Ch), 3.77 (s, 3H, O-CH), 6.97 (d, 2H, 8.7 Hz, Ar),
7.17 (s, 1H, CH thiazole), 7.66 (d, 1H8.4 Hz, Ar), 7.75 (d, 2HJ 8.7 Hz, Ar), 7.78 (d, 1HJ

8.4 Hz, Ar), 7.95 (s, 1H, Ar), 10.29 (s, 1H, NHJC NMR (75.5 MHz, DMSOde): & 13.8
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(CHs), 55.1 (O—CH), 102.2 (CH thiazole), 114.0 (CH, Ar), 125.7 (CAf), 126.9 (CH, Ar),
127.2 (CH, Ar), 130.6 (CH, Ar), 131.1 (C, Ar), 131(C, Ar), 138.4 (C, Ar), 144.4 (C, Ar),
149.5 (C, Ar), 158.9 (C=N), 169.3 (S—C=N). HRMS (ES892.0213 [M+H]. Anal. calcd for
Ci1sH1sCIN3OS: C, 55.11; H, 3.85; N, 10.71; S, 8.17. Found5&09; H, 3.62; N, 10.50; S,
8.23.

4-([1,1'-biphenyl]-4-yl)-2-[1-(3,4-dichlorophenyl}feylidene-hydrazinyl]thiazole 20).
Recrystallization in hot toluol afforded beige dals, m.p.: 269-271 °C; yield: 1.15 g (61%);
R= 0.78 (toluol / ethyl acetate 6:4). IR (KBr): 2985-H), 1608 (C=N) cril. '"H NMR (300
MHz, DMSO-ds): & 2.32 (s, 3H, Ch), 7.33-7.48 (m, 5H, Ar), 7.66-7.78 (m, 6H, Ar)93-
7.96 (m, 3H, Ar)3*C NMR (75.5 MHz, DMSOdg): 5 15.0 (CH), 104.7 (CH thiazole), 125.8
(CH, Ar), 126.2 (CH, Ar), 126.5 (CH, Ar), 126.9 (CHr), 127.3 (CH, Ar), 127.5 (CH, Ar),
128.8 (CH, Ar), 129.0 (CH, Ar), 130.6 (C, Ar), 131(C, Ar), 131.3 (C, Ar), 133.2 (C, Ar),
138.4 (C, Ar), 139.2 (C, Ar), 139.6 (C, Ar), 15q0=N), 169.4 (S—-C=N). . Anal. calcd for
C23H17/CIoNsS: C, 63.02; H, 3.91; N, 9.59; S, 7.31. Found: £08; H, 3.98; N, 9.55; S, 7.21.
2-[1-(3,4-dichlorophenyl)ethylidene-hydrazinyl]-Agphthalen-2-yl)thiazole 28).
Recrystallization in hot toluol afforded beige dals, m.p.: 259-260 °C; yield: 1.14 g (72%);
R= 0.68 (toluol / ethyl acetate 6:4). IR (KBr): 3042-H), 1621 (C=N) cril. '"H NMR (300
MHz, DMSO-dg): & 2.32 (s, 3H, Ch), 7.49 (m, 3H, Ar), 7.62-7.75 (m, 2H, Ar), 7.888.(m,
5H, Ar), 8.38 (s, 1H, CH, Ar)*C NMR (75.5 MHz, DMSQdg): 5 13.9 (CH), 105.3 (CH
thiazole), 123.9 (CH, Ar), 124.2 (CH, Ar), 125.7HCAr), 126.1 (CH, Ar), 126.5 (CH, Ar),
127.3 (CH, Ar), 127.6 (CH, Ar), 128.1 (CH, Ar), 180C, Ar), 131.1 (C, Ar), 131.3 (C, Ar),
131.6 (C, Ar), 132.4 (C. Ar), 133.1 (C, Ar), 134@, Ar), 144.6 (C, Ar), 149.7 (C=N), 169.5
(S—C=N). HRMS (ESI): 411.9917 [M+H]Anal. calcd for GH1sClLN3sS: C, 61.17; H, 3.67;

N, 10.19; S, 7.78. Found: C, 61.18; H, 3.94; N210S, 7.99.
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Cruzain inhibition: Cruzain activity was measured by monitoring tHeacage of the
fluorogenic substrate Z-FR-AMC, as previously ddssmt [50]. Assays were performed in 0.1
M sodium acetate buffer pH 5.5, in the presenc# ofM beta-mercaptoethanol and 0.01 %
Triton X-100, to a final volume of 200L and at 25°C. The final concentrations of cruzain
was 0.5 nM, and the Z-FR-AMC substrate concentnati@s 2.5uM (K, = 1 uM). In all
assays, the enzyme was pre-incubated with the comgsofor 10 min before adding a
solution containing the Z-FR-AMC substrate. Enzykmeetic was followed by continuous
reading for 5 min at 12s intervals, employing a &gy 2 (Biotek) from the Center of Flow
Cytometry and Fluorimetry at the Biochemistry andriunology Department (UFMG). The
filters employed were 340 nM for excitation and 44M for emission. Activity was
calculated based on initial velocity rates, comgamea DMSO control, since all compound
stocks were prepared in DMSO. All compounds weiduated at 1M and inhibition was
measured in at least two independent experimeneach case in triplicate. d&€curves were
determined based on at least seven compound coattens, employing the nonlinear
regression analysis of “log (inhibitor) vs respongéh variable slope — four parameters” in
the software GraphPad Prism 5.0. The reported satater to the average and standard
deviation between the values obtained for at leastcurves, in which each concentration
was evaluate in triplicate.

Animals: Female BALB/c mice (6-8 weeks old) were supplied the animal breeding
facility at Centro de Pesquisas Gongalo Moniz (lagéd Oswaldo Cruz, Bahia, Brazil) and
maintained in sterilized cages under a controlledrenment, receiving a balanced diet for
rodents and watead libitum. All experiments were carried out in accordancéhwhe
recommendations of Ethical Issues Guidelines, ame\approved by the local Animal Ethics

Committee (Approved number: L-IGM-016/13).
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Parasites Bloodstream trypomastigotes formsTofcruzi were obtained from supernatants of
LLC-MK2 cells previously infected and maintained Dulbecco’s modified Eagle medium
(DMEM; Life Technologies, GIBCO-BRL, GaithersbuidD) supplemented with 10% fetal
bovine serum (FBS; GIBCO), and 50 pg/mL of gentamy®ovafarma, Anapolis, GO,
Brazil) at 37 °C and 5% CO

Host cell toxicity: Cytotoxicity of the compounds was determined alyi in the rat
cardiomyoblast cell line H9c2 and the murine mabege cell line J774. Cells were seeded
into 96-well plates at a cell density of 1 x*1€ells/well in Dulbecco’s modified Eagle
medium supplemented with 10% FBS, and 50 pg/mLeotgmycin and incubated for 24 h at
37°C and 5% C@ After that time each compound, dissolved in DM&@s added at six
concentrations (0.41 to 100 uM) in triplicate amdubated for 72 h. Cell viability was
determined by AlamarBlue assay (Invitrogen, Cadsb&A, USA) according to the
manufacturer instructions. Colorimetric readingseveerformed after 6 h at 570 and 600 nm.
Cytotoxic concentration to 50% (G4 was calculated using data-points gathered frameth
independent experiments. Gentian violet (Synth, Baalo, Brazil) was used as positive
control. The final concentration of DMSO was ldsart 1% in alin vitro experiments.

Toxicity for Y strain trypomastigotes: trypomastigotes collected from the supernatant of
LLC-MK2 cells were dispensed into 96-well platesaatell density of 4x10cells/well. Test
inhibitors, were diluted into five different condeations and added into their respective
wells, and the plate was incubated for 24h at & a@hd 5% of C@ Aliquots of each well
were collected and the number of viable parasitased on parasite motility, was assessed in
a Neubauer chamber. The percentage of inhibitioa @aculated in relation to untreated
cultures. 1@y calculation was also carried out using non-linesgression with Prism 4.0

GraphPad software. Benznidazole was used as thienee drug.
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Propidium iodide and annexin V staining: Trypomastigotes 1 x 10nL in 24 well-plates
were treated witHl4 (0.4 uM) in DMEM supplemented with FBS at 37°C for 24 h and
labeled for propidium iodide (Pl) and annexin V ngsithe annexin V-FITC apoptosis
detection kit (Sigma), according to the manufacatarmstructions. Acquisition and analyses
was performed using a FACS Calibur flow cytome®edton Dickinson, San Diego, CA),
with FlowJo software (Tree Star, Ashland, OR). fat@f 10,000 events were acquired in the
region previously established as that corresponting/pomastigotes forms at cruz.
Rhodamine 123 staining:Trypomastigotes 1 x 10nL in 24 well-plates were treated or not
with 14 (0.4 or 0.8uM) in DMEM supplemented with FBS at 37°C for 24 hemhcells were
washed twice with PBS solution and resuspended.5nntL PBS containing mg/mL of
Rhodamine 123 (Sigma) for 15 minutes. After stagnime parasites were washed twice with
PBS solution and immediately analyzed using a FACSibur flow cytometer (Becton
Dickinson, San Diego, CA), with FlowJo software €&rStar, Ashland, OR). A total of
10,000 events were acquired in the region prewoastablished as that corresponding to
trypomastigotes forms df. cruz.

Intracellular parasite development Peritoneal exudate macrophages (5xtells/well)
obtained from BALB/c mice were seeded in a 96 \p&ke in DMEM supplemented with
10% FBS and incubated for 24 h. Cells were theecteid with trypomastigotes (10:1) for 2
h. Free trypomastigotes were removed by succesgaghes using saline solution and the
cells were incubated for 24 h to allow full intelimation and differentiation of
trypomastigotes to amastigotes. Next, cultures weebated in complete medium alone or
with the thiazolel4 (8, 2 and 0.5uM) or benznidazole (5 pM) for 72 h. Cells were tixe
formaldehyde 4% and stained with hoeschst ({1§nL; Invtrogen, Carlssbad, CA). Plates
were then imaged and anaylzed in a Perkin-Elmer@penfocal microscope to quantifiy the

number of infected cells and the number of amatggper 100 cells, as previously described
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[51]. The one-way ANOVA and Bonferroni for multipp@mparisons were used to determine
the statistical significance of the group comparsso

Drug combination: For in vitro drug combinationsdoubling dilutions of each drug4 and
benzinidazole), used alone or in fixed combinatiese incubated with trypomastigotes
followed the protocol described above. The analgéithe combined effects was performed
by determining the combination index (CI), useccatff to determine synergism, by using
Chou-Talalay Cl method [46] and through the cortdiom of isobologram using the fixed
ratio method, as described previously [52].

Infection in mice

Female BALB/c mice (18-22 g) were infected with distream trypomastigotes by
intraperitoneal inoculation of f(parasites in 100 pL of saline solution and thenemirere
randomly divided in three groups (six animals peosug). After the day 5 of infection,
treatment with 25 mg/kg weight d4 was given orally for five consecutive days. For the
control group, benznidazole was given orally atedos100 mg/kg weight. Saline containing
20% DMSO was used as a vehicle and administratachtyeated and infected group. Animal
infection was monitored daily by counting the numbg& motile parasites in 5 pL of fresh
blood sample drawn from the lateral tail veinsresommended by standard protocol [53].
Survival was monitored for 30 days after treatm&he one-way ANOVA and Bonferroni for
multiple comparisons were used to determine théisstal significance of the group

comparisons.
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Highlights

Twenty two novel thiazoles were synthesized.

A biological study was carried against Trypanosoma cruz.

Most of target compounds are selective and inhibitors of T. cruz.

The novel hybrids lack of cytotoxicity and display a good drug-likeness.

Thiazole 14 showed reduction of parasitemiain vitro and in vivo.



