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Abstract

The discovery of new antiparasitic compounds agaiiypanosoma cruzithe
etiological agent of Chagas disease, is necessaavel aryloxy/aryl
thiosemicarbazone-based conformationally constdaine analogues of
thiosemicarbazoned) and @) were developed as potential inhibitors of thecruzi
protease cruzain, using a rigidification stratedythee iminic bond of ) and @). A
structure-activity relationship analysis was parfed in substituents attached in both
aryl and aryloxy rings. This study indicated thablar substituents or halogen atom
substitution at the aryl position improved cruzehibition and antiparasitic activity in
comparison to unsubstituted thiosemicarbazone. dfvthese compounds displayed
potent inhibitory antiparasitic activity by inhilng cruzain and consequently were able
to reduce the parasite burden in infected cells eaubke parasite cell death through
necrosis. In conclusion, we demonstrated that cordtional restriction is a valuable
strategy in the development of antiparasitic thmoisarbazones.

Key words: Chagas disease]. cruzi conformationally constrained analogues,

thiosemicarbazone, cruzain, necrosis.



Highlights

Conformational restriction was employed for synihieg new antiparasitic
thiosemicarbazones.

The compounds presented a broad, potent and selectiiparasitic activity again$t
cruzi.

Mechanistically, compounds impair protease cruaativity and subsequently cause
necrotic parasite death.



1. Introduction

Chagas disease, causedlmypanosoma cruzrepresents a serious and alarming health
problem[1]. It affects approximately 5-10% of thepplation of Latin America, but
even after more than 100 years since its discouwbey,specific treatment of. cruz
remains uncertain[2,3]. Benznidazole, the drug ladice for the treatment of Chagas
disease, is able to eliminate the parasite dutwegaicute phase; however, it is poorly
effective during the chronic phase, even after {targh administration, and it causes a
high dropout rate during treatment due to sidecesfd,5]. Human vaccination against
T. cruziinfection is not available; thus, other therapa@®ming to control infection or

reduce clinical symptoms are being investigated]6—8

Knowledge of molecular targets related to varioagapite processes has significantly
contributed to this investigation. Key enzymes,hsas cysteine proteases, are among
the preferred targets for the development of neuwgslr The structural and functional
biochemistry of cruzain, however, is by far the tngisdied of the proteasesn cruzi
infections [9]. Cruzain belongs to the family ofstgine proteases (papain-like enzymes
known as clan CA) and is closely related to catimspg and S, which are also
associated with other pathologies in humans[10]is Tdnzyme is involved in the
invasion, differentiation and proliferation of pait&s in host cells[11], and it is a useful

molecular target for the rational design of angpanosomal agents[12].

Regarding the identification of cruzain inhibitorsjost of the efforts have been
conducted through the investigation of peptides peptide-like compounds, such as
ureas[10,13], hydrazones[14-17], triazoles[18,19|d athiosemicarbazones[20-22].
Thiosemicarbazones were originally developed asniatl inhibitors of cathepsin-L,
one of the principal proteases involved in canadtsf20]. However, based on the
homology and similar biochemical properties betwesmathepsin-L and cruzain,
thiosemicarbazones were investigated as a potehdiss of cruzain inhibitors. Later on,
aryl thiosemicarbazones were found to be a classiil. cruzicompounds that inhibit

cruzain activity[21,22].

The general binding mode for aryl thiosemicarbazoméh cruzain involves covalent
binding of a thioamide group to a Cys25 amino aa&lell as the location of the aryl
group within a deep hydrophobic pocket[22,23]. Basa this model, a number of

molecular modifications have been investigated,usiag bis-thiosemicarbazones,



heterocyclic-derived thiosemicarbazones, thioserbazones containing bioreductive
groups and metallic complexes[24—29].

Recently, our group evaluated the anhti-cruzi activity of a series of aryl
thiosemicarbazones obtained by a homologationesfyatThis led to the identification
of new potent antiF. cruziagents, such as compound3 &and @) (Figure 1), which
significantly inhibited the proliferation of epintagotes (IGy, = 71.5 and 2.2uM,
respectively) and demonstrated toxicity to trypotigagses (CGp = 1.4 and 2.2M,
respectively) but was not cytotoxic against spleelts. In addition, these compounds
inducedT. cruzi cell death by an apoptotic process; however, tiielynot exhibit

inhibitory activity for cruzain[30].

PLEASE, INSERT FIGURE 1 HERE

In parallel to thiosemicarbazones, our group oberthat thiazolidinoné8 inhibits
cruzain activity but not its homologous proteingmammalian cells (cathepsin L)[31].
However, it was several times less potent than KB2high-efficient cruzain
inhibitor[19]. A comparison of cruzain docking bet@n thiazolidinond8 and KB2 has
revealed that the major difference is that KB2 as=s1 a T-shaped conformation.
Therefore, thiazolidinones presenting a T-shapefocoration displayed enhanced
activity than thiazolidinon€18) family. Thus, our findings were suggestive thatzain
inhibitors displaying a conformation resembling-ahlape presented in KB2 compound

warrant activity Figure 2).

PLEASE, INSERT FIGURE 2 HERE

Based on this, we sought that disrupting planarggd symmetry in aryl
thiosemicarbazoned) and (2) would lead to T-shape conformational compounds an
potentially increase cruzain and antiparasitic vagti Among the chemical
modifications to achieve this[32—-34], we considgaching an aryl group in the imine
group which could change dihedral angles and twhst position of aryl rings,

producing new conformationally constrained compaufture 3).

PLEASE, INSERT FIGURE 3 HERE



New aryl thiosemicarbazone8a-l, 9a-t) were synthesized and evaluated as anti-
cruzi agents as well as cruzain inhibitors. First, coomub8a was prepared, which
contains a phenyl ring without a substituent attacho the iminic carbon, for the
purpose of comparison with substituted derivatiBish. Thereafter, substituents
attached to the phenyl ring were examined, sucallag, alkoxy, halogen atoms and
phenyl rings, generating biphenyl and naphthyl geoun addition, we investigated a
wide range of substituents bonded to the phenomygl @a-t) to assess its functions in
terms of electronic and steric contributions toi-dntcruzi activity. We prepared 4-
substituted phenyl derivatives, followed by the pgam&ation of derivatives with one
substituent ifmeta-or ortho- positions in the phenyl ring. Derivatives conta@itwvo
substituents attached to the phenyl ring were ggitkd, as well as the replacement of
a phenyl by a naphthyl ring. Finally, aryl thiosearbazones were synthesized
containing methyl or phenyl groups M4 (8i-I). Evaluation of the anfl~ cruzi and
cruzain activity for these compoundafl, 9a-t) led to the identification of important

structure-activity relationships.

2. Results and discussion

2.1. Synthesis

Obtaining aryl thiosemicarbazonedal, 9a-t), as shown irscheme 1was performed in
two steps from different phenols and halo-subgidtuadcetophenones, both purchased
commercially. Initially, various 1-phenoxy-2-aceb@mones Ha-h; 6a-t) were obtained
from the O-alkylation of various phenols3é-t) with 2-halo-acetophenoneda-h) in a
basic medium and temperature environment, similar at protocol previously
described[29]. After 3-4 h of reaction, 1-phenoxgtophenones compounds were
obtained with yields varying from 77 to 95%. Thastermediate compound§4-h; 6a-

t) were then reacted with some thiosemicarbazid@sc( and catalytic HCI in an
ultrasound bath at room temperature[35]. After 2.b; thiosemicarbazone8a-|, 9a-t)
precipitated in the reaction mixture and were addd by simple filtration. All
thiosemicarbazones were recrystallized and obtaimexh acceptable purity (>95%) in
yields ranging from 69 to 90%. The structures waeeermined byH and *C NMR,
DEPT and IR.



PLEASE, INSERT SCHEME 1 HERE

In the™ NMR spectra of most compounds, it was possiblebserve the presence of
signals correspondent to the existence of isomerstamers. However, two signals for
the methylene hydrogens had a chemical shift diffee of approximately 0.3 ppm; in
the case of rotamers, generally, two signals almestlapped. These observations were

thus suggestive of the formation of a mixture efebisomersd) and E).

Next, we aimed to define the configuration of thajon isomer by crystallographic
analysis. A single crystal suitable for X-ray arssdy was collected from
thiosemicarbazones8e and 9h. As shown in the ORTEP-3 representation of
thiosemicarbazonede and9h (Figure 4), theN2 and sulfur atoms are on the same side,
characterizing & configuration for the C1=N2 bond. These compouskewed'H
NMR chemical shifts similar to thiosemicarbazon@a-k 9a-t); therefore, it is fair to
suggest that the major isomer for these thioselm@zames has A configuration about
this bond.

PLEASE, INSERT FIGURE 4 HERE

In contrast, in previous works developed by ourug{80,31] aryl-thiosemicarbazones
were obtained that exhibitdél configuration for this bond. The main structurature
that differentiates the thiosemicarbazone®a-l 9a-t) from those previously
obtained[30,31] is the presence of a phenyl graupla It appears that this reversal in
the configuration around that bond is related ®phesence of this groupigure 5).

PLEASE, INSERT FIGURE 5 HERE

The ratio of the sterecisomeffE was estimated by considering the relative intgnsit
the signals of the methylene protons’ih NMR spectra and varied according to the
compound (supplementary material). In the specwicompoundc, for example, only
one signal was detected, suggesting that it wasirsdat in the form of a single
stereoisomerZ) or that the ratio of the minor isomdg)(was so small that was not

detected during analysis. In relation to the conmas8i, 8l, 9a, 9n and9p, the relative



proportion of stereocisomer&:g) was:8i (89.2: 10.8)8l (91.5: 8.5),9a (93.5: 6:5),9n
(96.5: 3:5),9p (95.2: 4.8), respectively.

2.2. Antiparasitic activity against extracellulaosrins and cytotoxicity against host cells

First, compounds 8a-l and 9a-t were evaluated against epimastigotes and
trypomastigotes of. cruzi The antiparasitic activity was determined by dmgthe
parasite number in a Neubauer chamber and calogl#te concentration of the test
compound resulting in 50% inhibition @6; epimastigotes) or 50% cytotoxicity (6>
trypomastigotes). Cytotoxicity in host cells wastedlmined in mouse splenocytes,
measured by the incorporation H]-thymidine, and results were expressed as the
highest non-cytotoxic concentration (HNC). Benzawmla and nifurtimox were used as
reference antiparasitic drugs and exhibiteds¢C@alues of 6.2 and 2.7 uM against
trypomastigotes, respectively. As a standard, camgs with CG values< 6.2 uM
against trypomastigotes were considered poten{Tamtiuzicompounds. The results are
reported inTable 1

PLEASE, INSERT TABLE 1 HERE

We first analysed the antiparasitic activity agathe trypomastigote form. In analysing
the activity of aryl thiosemicarbazon&s-h, in which the structural variations were
made in thepara-position of the phenyl ring from the 2-haloacetepbne Ar'), it was
observed that, in general, substitutions in thenphang did not favour trypanocidal
activity. The compoun@®a (CCsp = 2.4 uM), which has no substitution in the phenyl
ring, was one of the most potent compounds in Beehj series, showing higher

activity than reference drugs BDZ and NFX @€ 6.2 and 2.7 uM, respectively).

Comparing the activity of the substituted aryl-8emicarbazonesi-h) with BDZ, all
compounds exhibited a greater toxicity againstamypstigotes than this reference drug,
with the exception of the compoumth (CGCsp = 14.7uM). The attachment of electron
donors groups, such as meth§b(CG;p = 3.1uM) and methoxy&c, CGsp = 5.0uM),

to the phenyl ring at thpara-position decreased the antiparasitic activity. shitlitions

in the para-position of the phenyl ring by the halogen atofg8d, CGsp = 3.6 uM), -

Cl (8e CGso = 5.3 uM) and -Br 8f, CGy = 3.9 uM) also resulted in less active



compounds than the unsubstituted derivat8a.(In addition, there was no correlation
between the size of the halogen atomic radius lam@ntiparasitic activity. On the other
hand, the attachment of a second phenyl ring gvdineposition led to a slight increase
in activity against trypomastigotes, as can be ofeskfor compoundg (CGso = 2.1
uM). These data showed similarity to those obtaimethe study by Moreir&t al, in
which the 4-thiazolinone containing a phenyl atipp@s 4 of the phenyl ring derived
from 2-haloacetophenones are among the two mosteaagainst the parasite[36].
Interestingly, compoun@h (CGso = 14.7uM), which contains a bulky and hydrophobic
a-naphthyl group like the biphenyl of compoudg showed the lowest activity among

the thiosemicarbazon&s-h.

By evaluating the trypanocidal activity of thioseambazonesi-I, it can be noted that
the substitution at positioN4 reduced the toxicity against this evolutionarynfoin
most cases. For example, directly comparing thevigctof compounds8k (N4-Me,
CCsp = 7.4 uM) and 8l (N4-Ph, CGp = 15.6 uM) to the unsubstituted analogu@d(
CGCsp = 3.6uM), a large reduction of activity is noted afteisteubstitution.

Regarding the toxicity against trypomastigotes ofl-thiosemicarbazone®a-t, in
which the structural variations occur in the phgnarg (Ar), they all exhibited higher
or similar activity in relation to reference drug@nznidazole, with the exception of
compounds9qg (CGCsp = 28.3 uM) and 9r (CCsp = 12.3 uM). In addition, the
functionalization of the phenoxy ring was generdibneficial to the activity against
trypomastigote forms, as the compou@d (CGC = 6.6 uM), an unsubstituted
derivative, was less active than substituted comgsexcept compoun@s and9r).

In comparison tdda, anti-T. cruzi activity was enhanced when an alkyl group was
attached to th@ara-position of the phenoxy ring. Thiosemicarbaz®@e(CGCs = 1.8
uM), with an ethyl group, was about three times mupotent. CompoundSc (CGs =
2.9uM) and9d (CGsp = 2.2uM), which have branched alkyl groups, also demaitestk
increased antiparasitic activity, although witlghktiy less intensity than the linear alkyl
chain analogue9p). The attachment of methoxy groups to the phemnyy ralso
generated more active compounds, as can be obdervddosemicarbazonede (CGCso

= 1.2 uM) and 9f (CGCsp = 3.7 uM), substituted at themeta- and para{ositions,
respectively. However, the compound 3-methoxy stubst @e) was the most potent
of all of the thiosemicarbazones assessed in thidysapproximately five times more



active than BDZ. Binding of an acetamide groupha para-position of the phenoxy
ring (9g, CGp = 3.5uM) increased activity compared wifla. However, this increase
was not as significant as what was observed inipuswvork from our group, in which

the derivative containing such a substituent wasranthe most active[30].

We also evaluated the antiparasitic activity againsypomastigotes by
thiosemicarbazones containing different halogenachéd to the phenoxy ring. All
derivatives containing halogens were more activeanththe unsubstituted
thiosemicarbazon®a, revealing the importance of this structural misdifion for
antiparasitic activity. By comparing the activity @ompound®p (CCsp = 2.1uM), 8f
(CCso = 3.9uM) and 9l (CCsp = 5.7 uM), which show the atoms -I, -Br and -CI at
position 4 of the phenoxy ring, respectively, agndial increase of antiparasitic activity
was observed according to the increase of the atoadius of bound halogen. This
trend was also observed in a previous study bygooup[30]. We also analysed the
effect of binding chlorine atoms in different pasits of the phenoxy ringyrtho- (9j,
CCsp = 6.0uM), meta-(9k, CGso = 1.6 M) andpara- (91, CGo= 5.7 uM). The meta-
substitution generated the most active chlorinevdgve and one of the most active
compounds in this study. Moreovei;substitutions were also evaluated in the phenoxy
ring by halogen atoms, giving rise to compouig3-Cl,4-F-Ph),9m (2,3-diCI-Ph)
and9n (3,4diCl-Ph). These compounds were more active in relatbtocompoun®a,
especially thiosemicarbazo®¢ one of the most trypanocidal of the series with@,

= 1.7uM, higher than even the reference drug.

The anti-trypanosomal activity for compour@s, 8f and9l increased with the atomic
radius of their halogen atoms, suggesting the csteffiect is important for activity.
Based on this, we evaluated thiosemicarbaz®&ueand 9r, which possess a second
phenyl ring attached to the phenoxy ring in theitpmss 3 and 4, respectively.
Compound®s and9t, fitted with a naphthyl ring attached to the imoeabon ina and

B positions, respectively, were also obtained. Th®ssemicarbazones containing
biphenyl 9q (CCsp = 28.3uM) and 9r (CGs=12.3 uM) were inactive, whereas the
compounds containing the naphthyl gr@g(CGCsp = 3.4uM) and 9t (CGCsp = 5.0uM)
only maintained the antiparasitic activity, witretheplacement in the positienmost
favourable. As observed, not only the steric andrdgyhobic effects of the substituents

in the phenoxy ring are responsible for the po&iwtn of trypanocidal activity.



Once the toxic activity of all compound8afl, 9a-t) for the T. cruzitrypomastigotes
had been determined, we investigated the antipralive effect for T. cruzi
epimastigotes. BDZ, one of the reference drugs uselde experiments, exhibited an
ICso of 48.8uM while NFX presented an kg of 5.7 uM on this parasite form. All
thiosemicarbazones evaluated in this study wereeractive than the reference drug
BDZ.

Regarding the cytotoxicity to splenocytes, most #mosemicarbazones evaluated in
this study 8a-l, 9a-t) caused higher toxicity than the reference drugzhelazole, with
the exception of compourh, which was non-toxic at concentrations up to 138
and compoun@c, which was non-toxic to the highest concentratested (246.QM).
Taking into account the selectivity, the aryl tloscarbazon®c stood out among all
compounds evaluated, displaying excellent trypata@ctivity for both parasite forms
of T. cruzi and lower toxicity to splenocytes than the refeeemrugs. In addition,
Lipinski et al present four criteria that are imgamit to study the pharmacokinetics and
drug development. A molecule that agree with theegeria, would present a good
pharmacokinetic and became a drug candidate[37§ ibteresting to note that the
calculated values inTable 2 show that thiosemicarbazon@c as well as the
unsubstituted derivative94) meet the criteria of Lipinski. On the other hand,

structurally-simple thiosemicarbazones presentéichagueous solubility.

PLEASE, INSERT TABLE 2 HERE

2.3. Anti-T. cruzi activity against amastigote atrgipomastigote forms infecting a

vertebrate cell

Due to the good activity shown against epimastigotd trypomastigote forms df.
cruzi, the compounds were also assayeditro against thel. cruziamastigote form,
which represents the intracellular form of the pdea For this, we used a tissue cell
culture system that allows evaluating the activagainst both amastigote and
trypomastigote forms simultaneously because thgtlgntime of the assay (seven days)

allows compounds to act on trypomastigotes releasading from four days post-



infection. This method is considered thevitro method of choice in screening drugs for

activity againsfl. cruzibecause it mimics the lifecycle of the parasit€}98,

Results were expressed as the percent of inhibdfoparasite growth after treatment
with each compound. A cell viability test was penfied to evaluate the cytotoxicity of
the compounds against the murine fibroblast L-9291me[39,40]. The concentrations
that caused 50% inhibition of the parasite grow@yd) were evaluated for the more
potent compounds (those presenting more than 7@#ition in the initial screening at
100 uM) (Table 3.

PLEASE, INSERT TABLE 3 HERE

Most of the compounds exhibited activity againgtsth parasite forms @f. cruzi with

12 compounds 8ab, 8f-h, 9-b, 9e-f, 9i, 9n, 9p) showing an Ig < 10 uM.
Furthermore, thiosemicarbazon@&g, 8h and 9a (ICso = 3.3, 4.8 and 5.4uM,
respectively) showed trypanocidal activity compégdb the benznidazole.

Analysing the activity of thiosemicarbazon®a-h, it was observed that, relative to
compound8a (ICsp = 10.2uM), the presence of a methyl group in position 4the
phenyl ring 8b) slightly improved activity. Thiosemicarbazoie which also contains
an electron donor group (OGHat the same position, was less active,{F£11.9uM).
The halogen substitution in the phenyl ring (488; 4-Cl; 8e 4-Br, 8f) generally did
not contribute to the activity against intracelluéand trypomastigote forms, except for
thiosemicarbazon8f (ICso = 8.1 uM) a bromine derivative. Compour8y) (ICso = 3.3
uM), which has a phenyl ring at the same positioaswhe more active compound
tested, suggesting that the presence of bulky gddophobic substituents, as bromine
and phenyl, may be associated with improved agtiwit addition, thiosemicarbazone
8h (ICso = 4.8 uM), also containing a bulky and hydrophobic grogpimaphthyl), is
among the most active of the series, suggestingsteec nature of these groups
positively influences activity against these forofishe parasite.

Considering the anfl~ cruziactivity of thiosemicarbazoné&a-t against these parasite
forms, it is noted that substitutions in the phgnorg (Ar) gave less active compounds
compared with the unsubstituted derivati9a (ICso = 5.4 uM). However, some

structure-activity relationships were identifiedtims series. Comparing the activity of



compound®b, 9c and9d (ICsp = 6.4, 12.3 and 15.2M, respectively), a reduction in
the trypanocidal activity was observed with inceshdranching of the alkyl chain
attached to position 4 in the phenoxy ring. A ptsgion of the trypanocidal activity
was observed with an increased halogen atomic sdutiked to the same ring position
by the order9h (4-F, IGo = 15.7uM) <9I (4-Cl, 1Gso = 11.2uM) < 8f (4-Br, 1Gs0 = 8.1
uM) ~ 9p (4-1, ICso = 8.6uM) (Figure 6).

PLEASE, INSERT FIGURE 6 HERE

Furthermore, the presence of a halogen at pos#imf the ring contributed more
significantly to the activity than position 3, asdeen in the comparison of compounds
9l (4-Cl, 1Csp = 11.2uM), and8f (4-Br, IG5 = 8.1 uM) with compound®k (3-Cl, 1Cso

= 25.1uM) and9o (3-Br, 1C5p = 149.4uM), respectively.

The cytotoxicity of the active compounds on unitgéecfibroblasts was established
vitro to evaluate the selectivity of their antiparaséftects. The selectivity index (SI)
was calculated as the ratio of thedg@alue in uninfected cells (cytotoxicity) to thesiC
in parasite cellsTable 3). Although most of the compounds exhibited lowes#Vity,
thiosemicarbazone3a, 9f and9t showed moderate selectivity (SI> 10), suggestiag t

these compounds could be prototypes for new trygdabdrugs.

2.4. Cruzain inhibition activity

To investigate a possible mechanism of action, @aamgs were tested against the
enzyme cruzain of th@. cruzi The inhibition of cruzain enzymatic activity byl a
compounds was measured using a competition basay asth the substrate Z-Phe-
Arg-aminomethylcoumarin (Z-FR-AMC)[41]. All compodsa were screened at p,
and only compounds having an inhibition value 0@%7were chosen to determinesC
values. However, the Wlg values of many compounds exhibiting an inhibition
percentage above this value (70%) could not bébksited due to their low solubility,

which made it impossible to achieve cruzain inldithigh enough (> 85%) for a good



curve determination. Therefore, in some caseglideaission was performed in terms of
the percentage of cruzain inhibitiofiable 3).

Analysing the potential for inhibition of thiosemaibazones8a-h, it was observed that
the substitution of methoxy group and the halogénsCl and -Br held in position 4 of
the phenyl ringAr' of compound8a did not favour inhibitory activity. On the other
hand, the compoundb (4-CHg), 8g and8h showed good inhibition percentages (70.9,
88.9 and 73.6%, respectively), aBd showed an 1§ of 0.6 £ 1.5 uM. A common
feature of the latter two compounds is the preserfidaulky and hydrophobic groups,
biphenyl 8g) and naphthyl&h), attached to C1; previous docking models dematesir
interaction with the subsite S3 enzyme[31].

The 8i-l thiosemicarbazone showed little activity againstizain, suggesting that
replacements a4, either methyl or phenyl grouping, are not comaeido enzyme
inhibition. These results confirm data obtainedhe study conducted by Det al[20]

in which it was observed that the binding of vasaalkyl and aryl radicals in this

position generated inactive compounds.

By observing the inhibitory potential of aryl themicarbazone®a-t, in which the
structural variations were made in phenoxy g it is noted that several of thei®ky
9d, 9f-i, 9l-0, 9) had percentages of inhibition greater than 70&afe to compound
9a, substitutions at position 4 of the phenyl ring ddigyl substituents ethyl9p) and
tert-butyl ©d) had increased activity, while thiosemicarbaz&o€4--propyl) was less
active. The addition of methoxy substituents atitpwss 3 and 4 of the phenoxy ring
(9e and 9f, respectively) slightly favour enzyme inhibitiosp that the compound
substituted at position #f) was more active. The work carried out by &wal[20] and
Sileset al[22] explained that the presence of halogens eénpitrenyl ring of some aryl
thiosemicarbazones contributes to the inhibitiomroizain. In fact, thiosemicarbazones
containing halogens (F, CI, Br, and ) in the pHemyg (8f, 9h-p) generally showed
good percentages of inhibition. These values gégetacreased according to the size
of the atomic radius of the halogen attached topthenyl ring at position 4, as can be
observed in compoundth (4-F)> 9l (4-Cl)> 8f (4-Br) to 84.0 (IGo = 0.4 £ 2.1 pM),
73.6 and 11.8%, respectively. Furthermore, the ylheng disubstituted by these
halogens increased the inhibition percentage, awdstrated by thiosemicarbazorgs
(3-Cl, 4-F)9m (2,3diCl) and9n (3,4diCl), with inhibition percentages of 93.7, 81.8
and 99.1%, respectively. On the other hand, comg®8nand9n are the most potent



compounds of the present study and exhibited V@lues of 0.07 £ 1.2 and 0.008 + 1.6
UM, respectively. Corroborating with this work, @t al. demonstrated that the aryl-
thiosemicarbazone containing chlorine at the 3 ammbsitions in the phenyl ring was
the most active among the tested derivatives[2@f ©ther thiosemicarbazone that
stood out in the studies conducted by the authads Sileset al was that which
contained a bromine atom at position 3 of the pheimg. Similarly, compoundo,
which contains the same substitution in the phenoryg, exhibited an inhibition
percentage of 81.3%][20,22].

Considering all evaluated aryl thiosemicarbazogesl,(9a-t), compoundsg, 9d, 9g-i,
and 9m-o inhibited over 80% off. cruzicruzain activity in the screening at 50 pM.
However, the 16 was determined only for compoun8lg, 9h-i and 9n. Moreover,
thiosemicarbazonedi and9n are noteworthy because they present ap #€0.07 + 1.2
and 0.008 + 1.6 uM, respectively, comparable to rtiest potent cruzain inhibitors
described in the literature, such as compound KI1{KJ,= 0.004 uM)[42].

Thiosemicarbazone8i and 9n have not been the most actiue vitro against the
parasite, although the thiosemicarbaz@n€lCso = 1.7 uM) is among the three most
active front trypomastigote form. This may be rethto the fact that thi vitro test
front cruzain was done directly in the isolated yene, avoiding the effect of the
parasite biological barriers, such as permeabiily. Moreover, it is probably that our
compounds act by other mechanisms of action, ssooee of them exhibited modest

cruzain inhibition percentage and gaadvitro activity against the parasite.

The fact is that the strategy of disruption of fflanarity mentioned abovd-iQure
3)[30], providing a T-shaped conformation by insagtiaryl groups aCl appears to
have been effective. Directly comparing the peragat of cruzain inhibition by
compound I) with compoundg, it is observed that compount) (did not inhibit the
enzyme even at a concentration of 100 uM. Thiosarnazonedg, containing a T-
shaped conformation, inhibited the enzyme with ecg@age of approximately 80.7%
using a concentration of 50 uM, half of the formleraddition to compoundsl) and
(2), none of the thiosemicarbazones evaluated ineaiqus study[30] demonstrated

activity against cruzain.



2.5. Flow cytometry analysis

After confirming that these thiosemicarbazones vadyke to kill T. cruziparasites, our
next step was to understand how they lead to eglthd Therefore, we treated Y strain
trypomastigotes with 0.pM (average IG values) or 5.0 (10x l§ values) of each
thiosemicarbazone and incubated them for 24 hs@edke then stained with propidium
iodide (PI) and examined by flow cytometry. As simow Table 4, the positive control
(Triton X) led to 67% of cells positively stainedrfPl. When compared with untreated
cells, most of the parasite cells treated with gbmicarbazones positively stained for
Pl. Thiosemicarbazon@c was the most potent among them, exhibiting comagan-
dependent activityigure 7). Moreover, compounéc at 5.0uM was more efficient in
inducing parasite cell death than Benznidazolegsabptimal concentration (2pM).
Therefore, we suggest that thiosemicarbazone-lasainent causes parasite cell death

through necrosis.

PLEASE, INSERT TABLE 4 HERE

PLEASE, INSERT FIGURE 7 HERE

3. Conclusions

Using a simple and fast method, 32 aryl thioserb@aones were synthesized. The
trypanocidal activity of these compounds was ewalligor three life stages of the
parasite. Most of the compounds exhibited supeadivity over the reference drug
BDZ against epimastigote and trypomastigote forfn$.aruzi Compound®a and9c
showed broad and selective antiparasitic activggirestT. cruzi Compound9c was
most selective against the extracellular formdefggarasite and showed non-toxicity on
mouse splenocytes at the highest concentratioadesimong all compounds tested, 14
inhibited cruzain at rates higher than 70%, denratisg that changes in the molecular

conformational and planarity in thiosemicarbazoimeseases the affinity to the cruzain



binding site. Thiosemicarbazon& and 9n were shown to be potent inhibitors,

comparable to the compound K11777, a highly patamtain inhibitor.

4. Experimental section

4.1. General

Most the chemicals were purchased from Sigma-Ad¢&t. Louis, MO, USA), Merck
(Berlin, Germany) or Alfa-Aesar (Ward Hill, MA, USAReactions in ultrasound bath
were performed in a Unique EM-804 TGR instrumernthwa frequency of 40 kHz and
a nominal power of 180 W, and without external imgatPrecoated aluminum sheets
(silica gel 60 F254, Merck) were used for thinlagiromatography (TLC) and spots
were visualized under UV light. Elemental analysess performed with a Carlo Erba
instrument model E-1110. IR spectra in KBr pelletsre acquired at Bruker FT-IR
spectrophotometertrH and *C NMR were recorded on a UnityPlus 400 MHz and
Bruker AMX-300 MHz spectrometer, using DMSfgas a solvent and trimethylsilane
(TMS) as the internal standard. Splitting pattexese defined as; s, singlet; d, doublet;
dd, double doublet; t, triplet; g, quartet; m, npiét. Chemical shift values were given

in ppm. DEPT was employed to confirm the carbomgassent.

4.2. Synthesis of 1-phenoxy-2-acetophenongsh;( 6a-t). Example for 2-(4-
bromophenoxy)-1-(4-methoxyphenyl)ethan-1-&ag (

In a round bottom flask with a capacity of 100 mére added 13.2 mmol (2.3 g) of 4-
bromophenol, 35 mL of acetone, 13.2 mmol (1.8 gpoivdered KCO; and KIl in

catalytic amount. The mixture was kept under magrsdtrring at room temperature.
After 30 minutes, 8.8 mmol (2.0 g) of 2-bromo-1rethoxyphenyl)ethan-1-one are
added in portions. The reaction was kept under et&gstirring at room temperature
for 3.0 h. After completion of the reaction, thacton mixture was filtered, so that the
supernatant was evaporated under reduced pressuretha precipitate (JCOs)

discarded. After evaporation, a solid was obtainetlich was resuspended using

diethyl ether and then filtered. The crystal obgainwvas transferred to a desiccator and



placed under vacuum SjiOThe resulting product was used in the next stepowt

further purification.

4.3. Synthesis of thiosemicarbazon@s|( 9a-t). Example for 2-(4-bromophenoxy)-1-
(4-methoxyphenyl)ethan-1-one thiosemicarbaz8ok (

In a round bottom flask for 100 mL, 8.1 mmol (2)60f 1-phenoxy-2-acetophenobe
were dissolved in 30mL EtOH, following by the adulit of four drops HCI. The flask
was placed in an ultrasound bath (40 kHz, 180W)wrder sonication, 10.5 mmol (1.0
g) of thiosemicarbazid@a were added in portions to the reaction. After B,5the
mixture was cooled at 0 °C and the precipitate fill@sed in a Buchner funnel with a
sintered disc filter, washed with coldwater, etHamod then dried over SO After

drying, the product was recrystallized from toluene

4.3.1. 2-(4-bromophenoxy)-1-phenylethan-1-one #mosarbazone8a)

Recrystallization in toluene afforded beige crystgleld = 88%. M.p. (°C): 144-146. IR
(KBr): 3423 and 3314 (Nf), 3235 (N-H), 1599 (C=N) cth 'H NMR (300 MHz,
DMSO-d): 6 5.32 (s, 2H, CH), 6.96 (dd, 2HJ = 9.30, 2.10 Hz, Ar-H), 7.38-7.41 (m,
3H, Ar-H), 7.49 (dd, 2HJ = 9.30, 2.10 Hz, Ar-H), 7.90-7.92 (m, 2H,-H), 8.09 (s
broad, 1H, NH), 8.48 (s broad, 1H, Nj 10.83 (s broad, 1H, NH}*C NMR (75.5
MHz, DMSO- dg): 6 61.3 (CH), 112.7 (Cq Ar), 117.1 (CH Ar), 127.0 (CH Ar), 128
(CH Ar), 129.2 (CH Ar), 132.1 (CH Ar), 135.6 (Cq)Al43.7(C=N), 157.0 (C-0O, Ar),
179.2 (C=S). Anal. Calcd. For16H14BrNsOS: C, 49.46; H, 3.87; N, 11.54. Found: C,
49.88; H, 3.86; N, 11.97.

4.3.2. 2-(4-bromophenoxy)-1-(p-tolyl)ethan-1-oneskmicarbazoned))
Recrystallization in toluene afforded yellow crystayield = 73%. M.p. (°C): 138. IR
(KBr): 3417 and 3322 (N§), 3239 (N-H), 1601 (C=N) cth 'H NMR (300 MHz,
DMSO-t): 6 5.29 (s, 2H, Ch), 6.94 (dd, 2H,J = 6.90, 2.40 Hz, Ar-H), 7.19 (d, 20 =
8.10 Hz, Ar-H), 7.48 (dd, 2H] = 6.90, 2.40 Hz, Ar-H), 7.80 (d, 2H,= 8.10 Hz, Ar-
H), 8.05 (s broad, 1H, NB| 8.45 (s broad, 1H, NP 10.76 (s broad, 1H, NH}*C
NMR (75.5 MHz, DMSO-dg): § 20.8 (CH), 61.3 (CH), 112.7 (Cq Ar), 117.1 (CH Ar),
126.9 (CH Ar), 128.9 (CH Ar), 132.1 (CH Ar), 132(8q Ar), 138.9 (Cq Ar), 143.8



(C=N), 156.9 (C-O, Ar), 179.0 (C=S). Anal. CalcarFCi¢H:gBrN;OS: C, 50.80; H,
4.26; N, 11.11. Found: C, 50.40; H, 4.25; N, 11.55.

4.3.3. 2-(4-bromophenoxy)-1-(4-methoxyphenyl)ethame thiosemicarbazon8d)
Recrystallization in toluene afforded colorlessstals, yield = 76%. M.p. (°C): 109-
110. IR (KBr): 3414 and 3334 (N 3247 (N-H), 1600 (C=N) cth *H NMR (300
MHz, DMSO-dg): 6 5.29 (s, 2H, CH), 6.93 (dd, 2HJ = 8.70, 1.20 Hz, Ar-H), 6.95 (dd,
2H,J =9.00, 1.50 Hz, Ar-H), 7.49 (dd, 2d= 9.00, 1.50 Hz, Ar-H), 7.88 (dd, 2B =
8.70, 1.20 Hz, Ar-H), 8.04 (s broad, 1H, NH3.41 (s broad, 1H, N 10.71 (s broad,
1H, NH)!*C NMR (75.5 MHz, DMSO-ds): 6 55.2 (CH), 61.3 (CH), 112.7 (Cq Ar),
113.6 (CH Ar), 117.2 (CH Ar), 127.9 (Cq Ar), 1286H Ar), 132.1 (CH Ar), 143.7
(C=N), 156.9 (C-O, Ar), 160.2_(C Ar - OGK 178.9 (C=S). Anal. Calcd. For
Ci16H16BrN3O,S: C, 48.74; H, 4.09; N, 10.66. Found: C, 48.533195; N, 10.73.

4.3.4. 2-(4-bromophenoxy)-1-(4-fluorophenyl)ethaonk thiosemicarbazon&d)
Recrystallization in toluene afforded colorlessstals, yield = 69%. M.p. (°C): 160-
161. IR (KBr): 3413 and 3339 (NH 3241 (N-H), 1606 (C=N) cth *H NMR (300
MHz, DMSO-): & 5.30 (s, 2H, Ch), 6.94 (dd, 2HJ = 6.90, 2.10 Hz, Ar-H), 7.17—
7.23 (m, 2H, AfH), 7.48 (dd, 2H,) = 6.90, 2.10 Hz, Ar-H), 7.95-8.00 (m, 2H,-A),
8.13 (s broad, 1H, N, 8.47 (s broad, 1H, N#} 10.84 (s broad, 1H, NHfC NMR
(75.5 MHz, DMSO-dg): 6 61.2 (CH), 112.8 (Cq Ar), 115.1 (CH Ar), 117.1 (CH Ar),
129.4 (CH Ar), 132.1 (CH Ar), 142.9 (C=N), 156.9«@, Ar), 161.1 (Cq Ar), 164.4
(Cq Ar), 179.2 (C=S). Anal. Calcd. FondE3BrFN3OS: C, 47.13; H, 3.43; N, 10.99.
Found: C, 47.61; H, 2.87; N, 10.80.

4.3.5. 2-(4-bromophenoxy)-1-(4-chlorophenyl)ethaong thiosemicarbazon8e)
Recrystallization in toluene afforded colorlessstays, yield = 71%. M.p. (°C): 158-
160. IR (KBr): 3413 and 3336 (N 3249 (N-H), 1597 (C=N) cth *H NMR (300
MHz, DMSO-d): & 5.30 (s, 2H, Ch), 6.94 (dd, 2H,) = 8.70, 1.80 Hz, Ar-H), 7.42 (dd,
2H,J =8.70, 1.80 Hz, Ar-H), 7.48 (dd, 2l= 8.40, 1.80 Hz, Ar-H), 7.94 (dd, 20 =
8.40, 1.80 Hz, Ar-H), 8.15 (s broad, 1H, BH8.50 (s broad, 1H, NH 10.88 (s broad,
1H, NH). *C NMR (75.5 MHz, DMSO-dg): & 61.0 (CH), 112.8 (Cq Ar), 117.1 (CH
Ar), 128.2 (CH Ar), 128.9 (CH Ar), 132.1 (CH Ar)33.9 (Cq Ar), 134.5 (Cq Ar),



142.6 (C=N), 156.9 (C-O, Ar), 179.3 (C=S). Anal.l&@a For GsHiaBrCIN;OS: C,
45.19; H, 3.29; N, 10.54. Found: C, 44.95; H, 218310.54.

4.3.6. 2-(4-bromophenoxy)-1-(4-bromophenyl)ethamé-thiosemicarbazon&fj
Recrystallization in toluene afforded colorlessstals, yield = 82%. M.p. (°C): 149-
150. IR (KBr): 3415 and 3333 (N} 3251 (N-H), 1597 (C=N) cth *H NMR (300
MHz, DMSO-dg): & 5.30 (s, 2H, Ch), 6.94 (dd, 2H,) = 8.70, 1.50 Hz, Ar-H), 7.49 (dd,
2H,J=8.70, 1.50 Hz, Ar-H), 7.57 (dd, 2d= 9.00, 1.80 Hz, Ar-H), 7.88 (dd, 2B =
9.00, 1.80 Hz, Ar-H), 8.16 (s broad, 1H, NYH8.52 (s broad, 1H, N 10.90 (s broad,
1H, NH). *C NMR (75.5 MHz, DMSO-dg): & 61.0 (CH), 112.8 (Cq Ar), 117.1 (CH
Ar), 122.8 (Cq Ar), 129.1 (CH Ar), 131.1 (CH Ar32.1 (CH Ar), 134.8 (Cq Ar),
142.7 (C=N), 156.9 (C-O, Ar), 179.3 (C=S). Anal.lcda For GsH13Br,Ns;OS: C,
40.65; H, 2.96; N, 9.48. Found: C, 41.09; H, 3/1859.11.

4.3.7. 1-([1,1'-biphenyl]-4-yl)-2-(4-bromophenoxt)an-1-one thiosemicarbazortgy
Recrystallization in toluene afforded yellow crystayield = 70%. M.p. (°C): 127-128.
IR (KBr): 3424 and 3330 (N}, 3236 (N-H), 1597 (C=N) cth *H NMR (300 MHz,
DMSO-dg): 6 5.36 (s, 2H, ChH), 6.99 (d, 2HJ = 9.00 Hz, Ar-H), 7.38-7.51 (m, 5H, Ar-
H), 7.67-7.72 (m, 4H, Ar-H), 8.02 (d, 2H,= 8.70 Hz, Ar-H), 8.16 (s broad, 1H, MH
8.51 (s broad, 1H, N#), 10.88 (s broad, 1H, NH}*C NMR (75.5 MHz, DMSO<ds): &
62.0 (CH), 112.3 (Cq Ar), 120.3 (CH Ar), 122.8 (CH Ar), 184CH Ar), 126.7 (CH
Ar), 128.4 (CH Ar), 130.3 (CH Ar), 133.1 (CH Ar34.6 (Cq Ar), 138.5 (Cq Ar),
139.9 (Cq Ar), 143.9 (C=N), 157.1 (C-O, Ar), 1796=S). Anal. Calcd. For
C21H18BrN3O: C, 57.28; H, 4.12; N, 9.54. Found: C, 57.113H5; N, 9.35.

4.3.8. 2-(4-bromophenoxy)-1-(naphthalen-1-yl)ethamre thiosemicarbazon8h()
Recrystallization in toluene afforded yellow crystayield = 78%. M.p. (°C): 77-80. IR
(KBr): 3417 and 3332 (N§), 3248 (N-H), 1610 (C=N) cth 'H NMR (400 MHz,
DMSO-tg): 6 5.45 (s, 2H, Ch), 7.58 (d, 2H, Ar-H), 7.48-7.54 (m, 4H, Ar-H), B:3.96
(m, 3H, Ar-H), 8.24 (d, 2H, Ar-H), 8.40 (s broad;,INH,), 8.58 (s broad, 1H, N}
10.88 (s broad, 1H, NH}*C NMR (100 MHz, DMSO-d): & 61.7 (CH), 113.3 (Cq
Ar), 117.7 (CH Ar), 124,9 (CH Ar), 126.8 (CH Ar)21.2 (CH Ar), 127.3 (CH Ar),
127.9 (CH Ar), 128.1 (CH Ar), 129.0 (CH Ar), 1326H Ar), 133.1 (Cq Ar), 133.5



(Cq Ar), 133.7 (Cq Ar), 143.9 (C=N), 157.5 (C-0,)At79.6 (C=S). Anal. Calcd. For
C1oH16BrN3OS: C, 55.08; H, 3.89; N, 10.14. Found: C, 54.804147; N, 10.01.

4.3.9. 2-(4-bromophenoxy)-1-(4-methoxyphenyl)ethrame N-methyl
thiosemicarbazonesi)

Recrystallization in toluene afforded yellow crystayield = 80%. M.p. (°C): 143-146.
IR (KBr): 3332 (N-H), 3254 (N-H), 1554 (C=N) ¢lm'H NMR (400 MHz, DMSOd):

3 3.05 (d, 3HJ = 4.39 Hz, CH), 3.79 (s, 3H, OCBH), 5.28 (s, 2H, Ch), 6.94 (d, 2H,]

= 8.39 Hz, Ar-H), 6.94 (d, 2H] = 8.79 Hz, Ar-H), 7.47 (d, 2H] = 8.79 Hz, Ar-H),
7.87 (d, 2H,J = 8.39 Hz, Ar-H), 8.62 (g, 1H] = 4.39 Hz, NH), 10.73 (s broad, 1H,
NH).2*C NMR (100 MHz, DMSO-ds): 6 31.1 (CH), 55.2 (OCH), 61.4 (CH), 112.7
(Cq Ar), 113.6 (CH Ar), 117.1 (CH Ar), 128.0 (Cq)Ad28.6 (CH Ar), 132.1 (CH Ar),
143.4 (C=N), 156.9 (C-O, Ar), 160.2 (Cq Ar), 1786=S). Anal. Calcd. For
Ci17H18BrN3O.S: C, 50.01; H, 4.44; N, 10.29. Found: C, 54.804137; N, 10.01.

4.3.10. 2-(4-bromophenoxy)-1-(4-methoxyphenyl)ethane N-phenyl
thiosemicarbazonesj)

Recrystallization in toluene afforded colorlessstays, yield = 79%. M.p. (°C): 159-
162. IR (KBr): 3255 (N-H), 3210 (N-H), 1550 (C=Nm¢. ‘H NMR (400 MHz,
DMSO-t): 6 3.79 (s, 3H, Ch), 5.36 (s, 2H, ChH), 6.95 (d, 2HJ = 8.79 Hz, Ar-H),
6.99 (d, 2HJ = 8.39 Hz, AfH), 7.22 (t, 1HJ = 7.19 Hz, Ar-H), 7.38 (dd, 2H,= 7.99,
7.19 Hz, ArH), 7.50 (d, 2HJ = 8.79 Hz, Ar-H), 7.57 (d, 2Hl = 7.99 Hz, Ar-H), 7.96
(d, 2H,J = 8.39 Hz, ArH), 10.14 (s broad, 1H, NH), 11.05 (s broad, 1H,-AL**C
NMR (100 MHz, DMSO-d): 6 55.2 (CH), 61.6 (CH), 112.8 (Cq Ar), 113.7 (CH Ar),
117.2 (CH Ar), 125.4 (CH Ar), 125.9 (CH Ar), 127(8q Ar), 128.1 (CH Ar), 128.9
(CH Ar), 132.1 (CH Ar), 139.0 (C-NH, Ar), 144.6 (8¥% 156.9 (C-0, Ar), 160.4 (Cq
Ar), 176.9 (C=S). Anal. Calcd. For,8H,0BrN30,S: C, 56.18; H, 4.29; N, 8.93. Found:
C, 59.88; H, 4.49; N, 9.05.

4.3.11. 2-(4-bromophenoxy)-1-(4-fluorophenyl)etiaone N-methyl
thiosemicarbazone3k)

Recrystallization in toluene afforded colorlessstals, yield = 83%. M.p. (°C): 128-
130. IR (KBr): 3345 (N-H), 3249 (N-H), 1561 (C=Nm¢. *H NMR (400 MHz,
DMSO-t): 6 3.05 (d, 3HJ = 4.39 Hz, CH), 5.30 (s, 2H, Ch), 6.93 (d, 2HJ = 8.79



Hz, Ar-H), 7.22 (dd, 2H,J = 7.99, 5.59 Hz, Ar-H), 7.47 (d, 2H,= 8.79 Hz, Ar-H),
7.96 (dd, 2H,J = 7.99, 5.59 Hz, Ar-H), 8.62 (g, 1H,= 4.39 Hz, NH), 10.87 (s broad,
1H, NH)*C NMR (100 MHz, DMSO-dk): 5 31.2 (CH), 61.3 (CH), 112.8 (Cq Ar),
115.1 (CH Ar), 117.1 (CH Ar), 129.3 (CH Ar), 133@H Ar), 142.7 (C=N), 156.9 (C—
O, Ar), 161.5 (Cq Ar), 163.9 (Cq Ar), 178.7 (C=3nal. Calcd. For gH1sBrFN3OS:
C, 48.50; H, 3.82; N, 10.60. Found: C, 48.78; 943N, 10.25.

4.3.12. 2-(4-bromophenoxy)-1-(4-fluorophenyl)etiaone N-phenyl
thiosemicarbazonesl)

Recrystallization in toluene afforded colorlessstals, yield = 82%. M.p. (°C): 174-
175. IR (KBr): 3284 (N-H), 3238 (N-H), 1552 (C=Nm¢. ‘H NMR (400 MHz,
DMSO-t): 6 5.38 (s, 2H, Ch), 6.98 (d, 2H,J = 8.39 Hz, Ar-H), 7.23 (dd, 2H,= 8.79,
6.79 Hz, ArH), 7.24 (t, 1HJ = 6.79 Hz, Ar-H), 7.39 (dd, 2H,= 8.39, 5.19 Hz, AH),
7.50 (d, 2HJ = 8.39 Hz, Ar-H), 7.55 (d, 2H] = 8.79 Hz, Ar-H), 8.06 (dd, 2H,= 8.39,
5.19 Hz, ArH), 10.21 (s broad, 1H, NH), 11.18 (s broad, 1H,-Ait**C NMR (100
MHz, DMSO- dg): 6 61.6 (CH), 112.8 (Cq Ar), 115.1 (CH Ar), 117.1 (CH Ar), 185
(CH Ar), 126.1 (CH Ar), 128.1 (CH Ar), 129.7 (CH )Ar132.1 (CH Ar), 139.0 (C-NH,
Ar), 143.7 (C=N), 156.9 (C-0O, Ar), 161.6 (Cq Arp4l (Cq Ar), 177.3 (C=S). Anal.
Calcd. For GH1/BrFN3OS: C, 55.03; H, 3.74; N, 9.17. Found: C, 55.383H9; N,
9.15.

4.3.13. 1-(4-bromophenyl)-2-phenoxyethan-1-onest#nacarbazonedg)

Recrystallization in toluene afforded yellow crystayield = 87%. M.p. (°C): 173-176.
IR (KBr): 3419 and 3371 (N}, 3249 (N-H), 1609 (C=N) cth *H NMR (400 MHz,
DMSO-dg): 6 5.31 (s, 2H, CH), 6.93-6.99 (m, 3H, AH), 7.29-7.34 (m, 2H, AH),
7.56 (d, 2H,J = 8.79 Hz, Ar-H), 7.89 (d, 2H] = 8.79 Hz, Ar-H), 8.15 (s broad, 1H,
NH,), 8.51 (s broad, 1H, NBi 10.87 (s broad, 1H, NH}*C NMR (100 MHz, DMSO-
de): 8 60.9 (CH), 114.7 (CH Ar), 121.3 (CH Ar), 122.7 (Cq Ar), 129CH Ar), 129.4
(CH Ar), 131.1 (CH Ar), 134.9 (Cq Ar), 143.2 (C=N)57.5 (C-0O, Ar), 179.2 (C=S).
Anal. Calcd. For @H14BrN3OS: C, 49.46; H, 3.87; N, 11.54. Found: C, 49.363191;
N, 11.66.

4.3.14. 1-(4-bromophenyl)-2-(4-ethylphenoxy)ethaomné thiosemicarbazon8k)



Recrystallization in toluene afforded yellow crystayield = 72%. M.p. (°C): 142-144.
IR (KBr): 3419 and 3369 (N}, 3248 (N-H), 1610 (C=N) cth *H NMR (400 MHz,
DMSO-dg): 6 1.13 (t, 3H,J = 7.59 Hz, CH), 2.53 (g, 2H,J = 7.59 Hz, CH), 5.27 (s,
2H, CH,), 6.87 (d, 2HJ = 8.39 Hz, Ar-H), 7.13 (d, 2H, = 8.39 Hz, Ar-H), 7.56 (d, 2H,
J=8.79 Hz, Ar-H), 7.89 (d, 2H] = 8.79 Hz, Ar-H), 8.15 (s broad, 1H, MK8.51 (s
broad, 1H, NH), 10.83 (s broad, 1H, NH}’*C NMR (100 MHz, DMSO-d): & 15.9
(CHs), 33.8 (CH), 61.1 (O-CH), 114.6 (CH Ar), 122.7 (Cq Ar), 128.6 (CH Ar), 129
(CH Ar), 131.1 (CH Ar), 134.9 (Cqg Ar), 136.7 (Cq)Ad43.3 (C=N), 155.5 (C-0O, Ar),
179.1 (C=S). Anal. Calcd. For;&11gBrN3OS: C, 52.05; H, 4.62; N, 10.71. Found: C,
51.57; H, 5.00; N, 10.80.

4.3.15. 1-(4-bromophenyl)-2-(4-isopropylphenoxygetii-one thiosemicarbazon@cy
Recrystallization in toluene and posteriorly inaethl (80%) afforded colorless crystals,
yield = 77%. M.p. (°C): 175-177. IR (KBr): 3419 af837 (NH), 3250 (N-H), 1611
(C=N) cmi*. 'H NMR (400 MHz, DMSOds): & 1.16 (d, 6H,) = 6.80 Hz, CH), 2.83 (m,
1H,J =6.80 Hz, CH), 5.27 (s, 2H, G}16.88 (d, 2H,) = 8.39 Hz, Ar-H), 7.16 (d, 2H
= 8.39 Hz, Ar-H), 7.56 (d, 2H] = 8.79 Hz, Ar-H), 7.90 (d, 2H] = 8.79 Hz, Ar-H),
8.17 (s broad, 1H, N}, 8.52 (s broad, 1H, N 10.85 (s broad, 1H, NH}*C NMR
(100 MHz, DMSO-tk): 6 24.9 (CH), 32.6 (CH), 61.0 (Ch), 114.6 (CH Ar), 122.8 (Cq
Ar), 127.1 (CH Ar), 129.2 (CH Ar), 131.1 (CH Ar34.9 (Cq Ar), 141.4 (Cq Ar),
143.3 (C=N), 155.6 (C-0O, Ar), 179.1 (C=S). Anallgda For GgH,0BrN3;OS: C, 53.21;
H, 4.96; N, 10.34. Found: C, 52.85; H, 5.07; N 380.

4.3.16. 1-(4-bromophenyl)-2-(4-(tert-butyl)phen@tigan-1-one thiosemicarbazone
(9d)

Recrystallization in toluene and posteriorly inaethl (80%) afforded colorless crystals,
yield = 73%. M.p. (°C): 176-177. IR (KBr): 3421 af830 (NH), 3251 (N-H), 1610
(C=N) cm. 'H NMR (400 MHz, DMSOk): & 1.24 (s, 9H, Ch), 5.27 (s, 2H, Ch),
6.88 (d, 2HJ = 8.39 Hz, Ar-H), 7.31 (d, 2H] = 8.39 Hz, Ar-H), 7.56 (d, 2H] = 8.79
Hz, Ar-H), 7.90 (d, 2HJ = 8.79 Hz, Ar-H), 8.17 (s broad, 1H, MK8.53 (s broad, 1H,
NH.), 10.85 (s broad, 1H, NH)*C NMR (100 MHz, DMSO-d): & 31.3 (CH), 33.8 [C
(CHs)], 60.9 (CH), 114.2 (CH Ar), 122.8 (Cq Ar), 126.1 (CH Ar), 129(CH Ar),
131.1 (CH Ar), 134.9 (Cqg Ar), 143.3 (C=N), 143.6q(@r), 155.3 (C-0O, Ar), 179.2



(C=S). Anal. Calcd. For {gH2,BrN3OS: C, 54.29; H, 5.28; N, 10.00. Found: C, 53.98;
H, 5.54; N, 9.94.

4.3.17. 1-(4-bromophenyl)-2-(3-methoxyphenoxy)ethrane thiosemicarbazond)
Recrystallization in toluene and posteriorly inatbl (80%) afforded yellow crystals,
yield = 80%. M.p. (°C): 186-187. IR (KBr): 3384 aB833 (NH), 3261 (N-H), 1596
(C=N) cm’. *H NMR (400 MHz, DMSOs): & 3.71 (s, 3H, Ch), 5.30 (s, 2H, Ch),
6.53 (d, 2HJ = 8.39 Hz, Ar-H),6.56 (s, 1H, Ar-H), 7.19 (t, 1H,J = 8.39 Hz, Ar-H),
7.57 (d, 2H,J = 8.39 Hz, Ar-H), 7.90 (d, 2H] = 8.39 Hz, Ar-H), 8.17 (s broad, 1H,
NH.), 8.53 (s broad, 1H, N 10.87 (s broad, 1H, NH}*C NMR (100 MHz, DMSO-
ds): 6 55.1 (CH), 60.9 (CH), 100.9 (CH Ar), 107.1 (CH Ar), 122.8 (Cq Ar), 129CH
Ar), 129.9 (CH Ar), 131.1 (CH Ar), 132.7 (CH Ar)34.8 (Cq Ar), 143.2 (C=N), 158.7
(C-0, Ar), 160.4 (C Ar - OC}H), 179.2 (C=S). Anal. Calcd. For;£116BrN3z0,S: C,
48.74; H, 4.09; N, 10.66. Found: C, 48.13; H, 412410.88.

4.3.18. 1-(4-bromophenyl)-2-(4-methoxyphenoxy)ethiane thiosemicarbazon8f}
Recrystallization in toluene and posteriorly inatbl (80%) afforded colorless crystals,
yield = 78%. M.p. (°C): 161. IR (KBr): 3417 and 33@\H,), 3254 (N-H), 1611 (C=N)
cm™. *H NMR (400 MHz, DMSOsg):  3.69 (s, 3H, Ch), 5.25 (s, 2H, Ch), 6.86 (d,
2H,J = 9.20 Hz, Ar-H), 6.90 (d, 2H] = 9.20 Hz, Ar-H), 7.56 (d, 2H] = 8.39 Hz, Ar-
H), 7.89 (d, 2H,J = 8.39 Hz, Ar-H), 8.16 (s broad, 1H, Mt10.81 (s broad, 1H, NH);
8.52 (s broad, 1H, NH. *C NMR (100 MHz, DMSO-d): § 55.4 (CH), 61.7 (CH),
114.6 (CH Ar), 115.8 (CH Ar), 122.8 (Cq Ar), 129@H Ar), 131.1 (CH Ar), 134.9
(Cq Ar), 143.4 (C=N), 151.4 (C Ar - OGH 154.0 (C-O, Ar), 179.1 (C=S). Anal.
Calcd. For GgH16BrNsO,S: C, 48.74; H, 4.09; N, 10.66. Found: C, 48.424136; N,
10.66.

4.3.19. N-(4-(2-(4-bromophenyl)-2-oxoethoxy)phewdjamide thiosemicarbazone
(99)

Recrystallization in toluene afforded colorlessstals, yield = 69%. M.p. (°C): 187-
190. IR (KBr): 3424 and 3368 (N 3263 (N-H), 1616 (C=N) cth *H NMR (400
MHz, DMSO-dg): 6 2.00 (s, 3H, CH), 5.26 (s, 2H, Ch), 6.89 (d, 2HJ = 8.39 Hz, Ar-
H), 7.49 (d, 2HJ = 8.39 Hz, Ar-H), 7.56 (d, 2H] = 7.99 Hz, Ar-H), 7.88 (d, 2H] =
7.99 Hz, Ar-H), 8.16 (s largo, 1H, NH 8.52 (s broad, 1H, NH) 9.90 (s broad, 1H,



NH), 10.84 (s broad, 1H, N-NH}*C NMR (100 MHz, DMSO-tk): & 23.8 (CH), 61.2
(CH,), 114.9 (CH Ar), 120.3 (CH Ar), 122.8 (Cq Ar), 129CH Ar), 131.1 (CH Ar),
133.4 (Cq Ar), 134.9 (Cq Ar), 143.3 (C=N), 153.1-@ Ar), 167.8 (C=0), 179.2
(C=S). Anal. Calcd. For £H17/BrN4O,S: C, 48.46; H, 4.07; N, 13.30. Found: C, 48.10;
H, 3.84; N, 12.83.

4.3.20. 1-(4-bromophenyl)-2-(4-fluorophenoxy)etiiaone thiosemicarbazon@h)
Recrystallization in toluene and posteriorly inatbl (80%) afforded yellow crystals,
yield = 71%. M.p. (°C): 156-158. IR (KBr): 3431 af848 (NH), 3254 (N-H), 1607
(C=N) cm’. *H NMR (400 MHz, DMSOs): & 5.30 (s, 2H, Ch), 6.98-7.01 (m, 2H,
Ar-H), 7.11-7.16 (m, 2H, Ar-H), 7.56 (dd, 2H = 8.39, 2.00 Hz, Ar-H), 7.87 (dd, 28,
= 8.39, 2.00 Hz, Ar-H), 8.05 (s broad, 1H, NH8.39 (s broad, 1H, NH 10.74 (s
broad, 1H, NH)>*C NMR (100 MHz, DMSO-t): & 61.8 (CH), 115.6 (CH Ar), 116.2
(CH Ar), 122.5 (Cq Ar), 128.9 (CH Ar), 130.9 (CH)An34.7 (Cq Ar), 142.9 (C=N),
153.7 (Cqg Ar), 158.0 (C-0O, Ar), 179.2 (C=S). An@llcd. For GsH13BrFN3;OS: C,
47.13; H, 3.43; N, 10.99. Found: C, 47.09; H, 3M311.20.

4.3.21. 1-(4-bromophenyl)-2-(3-chloro-4-fluorophepjethan-1-one
thiosemicarbazonedi)

Recrystallization in toluene afforded yellow crystayield = 74%. M.p. (°C): 129-130.
IR (KBr): 3463 and 3341 (N, 3219 (N-H), 1596 (C=N) cth *H NMR (400 MHz,
DMSO-d): 6 5.31 (s, 2H, Ch), 6.94-6.98 (m, 1H, Ar-H), 7.23-7.25 (m, 1H, Ar;H)
7.32-7.37 (m, 1H, Ar-H), 7.57 (d, 2H,= 8.79 Hz, Ar-H), 7.87 (d, 2Hl = 8.79 Hz, Ar-
H), 8.06 (s broad, 1H, N 8.39 (s broad, 1H, N#ji 10.78 (s broad, 1H, NH}*C
NMR (100 MHz, DMSO-tg): 6 61.7 (CH), 115.5 (CH Ar), 116.4 (CH Ar), 117.0 (CH
Ar), 122.6 (Cq Ar), 128.9 (CH Ar), 130.9 (CH Ar)34.7 (Cq Ar), 142.3 (C=N), 150.9
(Cq Ar), 153.3 (Cq Ar), 154.0 (C-O, Ar), 179.3 (O=SAnal. Calcd. For
Ci1sH12BrCIFN;OS: C, 43.24; H, 2.90; N, 10.08. Found: C, 42.942197; N, 9.91.

4.3.22. 1-(4-bromophenyl)-2-(2-chlorophenoxy)etamre thiosemicarbazonj)
Recrystallization in toluene afforded colorlessstays, yield = 75%. M.p. (°C): 159-
162. IR (KBr): 3420 and 3350 (N} 3256 (N-H), 1600 (C=N) cth *H NMR (400
MHz, DMSO-d): 6 5.37 (s, 2H, Ch), 7.00 (t, 1H,J = 7.99 Hz, Ar-H), 7.24 (d, 1H,
7.59 Hz, Ar-H), 7.35 (t, 1H) = 7.59 Hz, Ar-H), 7.42 (d, 1H] = 7.99 Hz, Ar-H), 7.57



(d, 2H,J = 8.79 Hz, Ar-H), 7.91 (d, 2H] = 8.79 Hz, Ar-H), 8.19 (s broad, 1H, N
8.54 (s broad, 1H, N#), 10.96 (s broad, 1H, NH}*C NMR (100 MHz, DMSO-dg): 5
62.1 (CH), 114.4 (CH Ar), 121.5 (Cq Ar), 122.2 (CH Ar), 18XCq Ar), 127.9 (CH
Ar), 129.0 (CH Ar), 129.7 (CH Ar), 130.9 (CH Ar)34.8 (Cq Ar), 142.3 (C=N), 152.8
(C-0, Ar), 179.3 (C=S). Anal. Calcd. Fors813BrCIN;OS: C, 45.19; H, 3.29; N,
10.54. Found: C, 45.24; H, 3.13; N, 10.55.

4.3.23. 1-(4-bromophenyl)-2-(3-chlorophenoxy)etiamre thiosemicarbazon@k)
Recrystallization in toluene afforded colorlessstays, yield = 83%. M.p. (°C): 171. IR
(KBr): 3418 and 3346 (Np), 3247 (N-H), 1610 (C=N) cth 'H NMR (400 MHz,
DMSO-dg): 6 5.32 (s, 2H, CH), 6.92 (d, 1HJ = 7.99 Hz, Ar-H), 7.05 (d, 1H]l = 6.79
Hz, Ar-H), 7.09 (s, 1H, Ar-H), 7.33 (dd, 1H,= 7.99, 6.79 Hz, Ar-H), 7.56 (d, 2H,=
8.39 Hz, Ar-H), 7.89 (d, 2H] = 8.39 Hz, Ar-H), 8.16 (s broad, 1H, N8.51 (s broad,
1H, NHy), 10.93 (s broad, 1H, NH}3C NMR (100 MHz, DMSO-tk): 5 60.9 (CH),
114.1 (CH Ar), 114.7 (CH Ar), 121.1 (CH Ar), 1228q Ar), 129.2 (CH Ar), 130.8
(CH Ar), 131.1 (CH Ar), 131.1 (CH Ar), 133.6 (Cq)A134.9 (Cq Ar), 143.5 (C=N),
158.6 (C-0, Ar), 179.3 (C=S). Anal. Calcd. FQeldi3BrCIN;OS: C, 45.19; H, 3.29; N,
10.54. Found: C, 44.98; H, 3.40; N, 10.89.

4.3.24. 1-(4-bromophenyl)-2-(4-chlorophenoxy)etaore thiosemicarbazon8l)
Recrystallization in toluene afforded colorlessstals, yield = 81%. M.p. (°C): 107-
110. IR (KBr): 3420 and 3341 (N 3252 (N-H), 1609 (C=N) cth *H NMR (400
MHz, DMSO-dg): 6 5.30 (s, 2H, Ch), 6.97 (d, 2HJ = 8.39 Hz, Ar-H), 7.36 (d, 2H] =
8.39 Hz, Ar-H), 7.56 (d, 2H] = 8.39 Hz, Ar-H), 7.88 (d, 2H] = 8.39 Hz, Ar-H), 8.17
(s broad, 1H, Nb), 8.53 (s broad, 1H, N#}f 10.91 (s broad, 1H, NH}*C NMR (100
MHz, DMSO- ds): 6 61.0 (CH), 116.6 (CH Ar), 122.8 (Cq Ar), 125.3 (CH Ar), 129
(CH Ar), 131.1 (CH Ar), 134.8 (Cq Ar), 142.7 (C=N)56.5 (C-0O, Ar), 179.2 (C=S).
Anal. Calcd. For @H13BrCIN3OS: C, 45.19; H, 3.29; N, 10.54. Found: C, 45.59; H
3.60; N, 10.17.

4.3.25. 1-(4-bromophenyl)-2-(2,3-dichlorophenoxXyaet1-one thiosemicarbazone
(9m)

Recrystallization in toluene and posteriorly inaethl (80%) afforded colorless crystals,
yield = 79%. M.p. (°C): 172-173. IR (KBr): 3417 aB827 (NH), 3265 (N-H), 1594



(C=N) cm’. *H NMR (400 MHz, DMSO#k): 5 5.40 (s, 2H, Ch), 7.24 (d, 1H,) = 8.39
Hz, Ar-H), 7.26 (d, 1H, = 8.39 Hz, Ar-H), 7.38 (t, 1H] = 8.39 Hz, Ar-H), 7.56 (d,
2H,J = 7.59 Hz, Ar-H), 7.91 (d, 2H = 7.59 Hz, Ar-H), 8.19 (s broad, 1H, NH8.53
(s broad, 1H, Ni), 11.00 (s broad, 1H, NH}*C NMR (100 MHz, DMSO-ds): & 62.0
(CHyp), 112.8 (CH Ar), 120.1 (Cq Ar), 122.6 (CH Ar), 18Cq Ar), 128.3 (CH Ar),
129.2 (CH Ar), 131.1 (CH Ar), 132.2 (Cq Ar), 134Qq Ar), 141.8 (C=N), 154.6 (C-
O, Ar), 179.3 (C=S). Anal. Calcd. For4E,,BrCI,N3OS: C, 41.59; H, 2.79; N, 9.70.
Found: C, 41.34; H, 2.28; N, 9.69.

4.3.26. 1-(4-bromophenyl)-2-(3,4-dichlorophenoXyaet 1-one thiosemicarbazorénj
Recrystallization in toluene and posteriorly inaethl (80%) afforded colorless crystals,
yield = 76%. M.p. (°C): 162-165. IR (KBr): 3474 af852 (NH), 3167 (N-H), 1590
(C=N) cmi'. '"H NMR (400 MHz, DMSOd): & 5.32 (s, 2H, Ch), 6.97 (dd, 1HJ =
2,80 Hz,J = 8.79 Hz, Ar-H), 7.30 (d, 1H] = 2.80 Hz, Ar-H), 7.56 (d, 1H] = 8.79 Hz,
Ar-H), 7.57 (d, 2HJ = 8.39 Hz, Ar-H), 7.89 (d, 2H] = 8.39 Hz, Ar-H), 8.18 (s broad,
1H, NHy), 8.53 (s broad, 1H, N 10.96 (s broad, 1H, NH}*C NMR (100 MHz,
DMSO- dg): 6 61.1 (CH), 116.1 (CH Ar), 116.7 (CH Ar), 122.8 (Cq Ar), 123Cq
Ar), 129.2 (CH Ar), 130.9 (CH Ar), 131.2 (CH Ar31.5 (Cq Ar), 134.8 (Cq Ar),
142.1 (C=N), 157.2 (C-0O, Ar), 179.3 (C=S). Anal.lega For GsH1.BrCI,N3;0S: C,
41.59; H, 2.79; N, 9.70. Found: C, 41.62; H, 2M69.63.

4.3.27. 2-(3-bromophenoxy)-1-(4-bromophenyl)ethamé thiosemicarbazonéd)
Recrystallization in toluene afforded colorlessstays, yield = 90%. M.p. (°C): 183. IR
(KBr): 3417 and 3319 (N§), 3222 (N-H), 1603 (C=N) cth 'H NMR (400 MHz,
DMSO-t): 6 5.02 (s, 2H, Ch), 6.98 (d, 1HJ = 7.99 Hz, Ar-H), 7.12 (d, 1H]l = 7.99
Hz, Ar-H), 7.18 (s, 1H, Ar-H), 7.22 (t, 1H,= 7.99 Hz, Ar-H), 7.33 (d, 2H] = 8.39 Hz,
Ar-H), 7.70 (d, 2H,J = 8.39 Hz, Ar-H), 8.09 (s broad, 1H, MK 8.48 (s broad, 1H,
NH,), 9.73 (s broad, 1H, NH}3C NMR (100 MHz, DMSO-dk): & 60.8 (CH), 114.4
(CH Ar), 117.7 (CH Ar), 122.0 (Cq Ar), 123.2 (Cq)Ad24.1 (CH Ar), 130.0 (CH Ar),
130.5 (Cq Ar), 131.2 (CH Ar), 132.1 (CH Ar), 134@q Ar), 142.4 (C=N), 158.6 (C-
O, Ar), 179.2 (C=S). Anal. Calcd. For14E,3Br,N;OS: C, 40.65; H, 2.96; N, 9.48.
Found: C, 40.72; H, 2.86; N, 9.39.

4.3.28. 1-(4-bromophenyl)-2-(4-iodophenoxy)ethamng-thiosemicarbazon8p)



Recrystallization in toluene afforded colorlessstals, yield = 78%. M.p. (°C): 181-
183. IR (KBr): 3417 and 3325 (N} 3252 (N-H), 1605 (C=N) cth *H NMR (400
MHz, DMSO-d): 6 5.28 (s, 2H, CH), 6.80 (d, 2H,J = 8.79 Hz, Ar-H), 7.56 (d, 2H] =
8.39 Hz, Ar-H), 7.62 (d, 2H] = 8.79 Hz, Ar-H), 7.87 (d, 2H] = 8.39 Hz, Ar-H), 8.16
(s broad, 1H, Nb), 8.52 (s broad, 1H, N#}f 10.90 (s broad, 1H, NH}*C NMR (100
MHz, DMSO- dg): & 60.8 (CH), 84.1 (Cq Ar), 117.6 (CH Ar), 122.8 (Cq Ar), 129.
(CH Ar), 131.1 (CH Ar), 134.8 (Cq Ar), 137.9 (CH)Ad42.8 (C=N), 157.5 (C-O, Ar),
179.2 (C=S). Anal. Calcd. For,6H:3BrIN3OS: C, 36.76; H, 2.67; N, 8.57. Found: C,
36.22; H, 2.26; N, 8.47.

4.3.29. 2-([1,1'-biphenyl]-3-yloxy)-1-(4-bromoph&eyhan-1-one thiosemicarbazone
(99)

Recrystallization in toluene afforded colorlessstals, yield = 70%. M.p. (°C): 161-
163. IR (KBr): 3419 and 3337 (N} 3294 (N-H), 1605 (C=N) cth *H NMR (400
MHz, DMSO-d): 6 5.02 (s, 2H, CH), 6.98 (d, 1HJ = 7.99 Hz, Ar-H), 7.12 (d, 1H] =
7.99 Hz, Ar-H), 7.18 (s, 1H, Ar-H), 7.58 (d, 2Bl= 8.39 Hz, Ar-H), 7.64 (d, 2H] =
7.19 Hz, Ar-H), 7.95 (d, 2H] = 8.39 Hz, Ar-H), 8.20 (s broad, 1H, Ni8.55 (s broad,
1H, NHy), 10.93 (s broad, 1H, NH}3C NMR (100 MHz, DMSO-tk): 5 60.8 (CH),
112.7 (CH Ar), 114.3 (CH Ar), 119.7 (CH Ar), 1228q Ar), 126.7 (CH Ar), 127.6
(CH Ar), 128.9 (CH Ar), 129.2 (CH Ar), 130.0 (CH A131.1 (CH Ar), 134.9 (Cq Ar),
139.8 (Cq Ar), 139.8 (Cqg Ar), 141.6 (Cq Ar), 143@=N), 157.9 (C-O, Ar), 179.3
(C=S). Anal. Calcd. For £H18BrN3OS: C, 57.28; H, 4.12; N, 9.54. Found: C, 56.91; H,
4.27; N, 9.60.

4.3.30. 2-([1,1'-biphenyl]-4-yloxy)-1-(4-bromoph&eghan-1-one thiosemicarbazone
(or)

Recrystallization in toluene afforded colorlessstays, yield = 84%. M.p. (°C): 208-
210. IR (KBr): 3419 and 3347 (NM 3294 (N-H), 1608 (C=N) cth *H NMR (400
MHz, DMSO-dg): 6 5.36 (s, 2H, CH), 7.05 (d, 2H,J = 8.39 Hz, Ar-H), 7.31 (t, 1H] =
7.19 Hz, Ar-H), 7.42 (dd, 2H] = 8.39, 7.19 Hz, Ar-H), 7.58 (d, 2H,= 8.39 Hz, Ar-
H), 7.59 (d, 2HJ = 7.99 Hz, Ar-H), 7.62 (d, 2H] = 8.39 Hz, Ar-H), 7.92 (d, 2H] =
7.99 Hz, Ar-H), 8.19 (s largo, 1H, NH 8.54 (s broad, 1H, NBi 10.93 (s broad, 1H,
NH). **C NMR (100 MHz, DMSO-dg): 5 61.4 (CH), 115.7 (CH Ar), 123.2 (Cq Ar),
126.7 (CH Ar), 127.3 (CH Ar), 128.2 (CH Ar), 129G8H Ar), 129.6 (CH Ar), 131.6



(CH Ar), 133.8 (Cq Ar), 135.3 (Cq Ar), 140.1 (Cq)AL43.5 (C=N), 157.6 (C-0O, Ar),
179.7 (C=S). Anal. Calcd. Foro1sBrN3sOS: C, 57.28; H, 4.12; N, 9.54. Found: C,
57.81; H, 4.28; N, 9.43.

4.3.31. 1-(4-bromophenyl)-2-(naphthalen-1-yloxyaetii-one thiosemicarbazon8sj.
Recrystallization in toluene afforded beige crystgleld = 85%. M.p. (°C): 208-210. IR
(KBr): 3422 and 3334 (Np), 3244 (N-H), 1605 (C=N) cth 'H NMR (400 MHz,
DMSO-t): 6 5.50 (s, 2H, Ch), 7.07 (d, 1H,) = 7.59 Hz, Ar-H), 7.41-7.58 (m, 6H, Ar-
H), 7.86-7.97 (m, 4H, Ar-H), 8.20 (s broad, 1H, NH.53 (s broad, 1H, NBl 11.02 (s
broad, 1H, NH)»*C NMR (100 MHz, DMSO-d): 5 61.2 (CH), 105.8 (CH Ar), 120.6
(CH Ar), 121.3 (CH Ar), 122.7 (Cq Ar), 124.7 (Cq)AL25.5 (CH Ar), 125.9 (CH Ar),
126.5 (CH Ar), 127.4 (CH Ar), 129.3 (CH Ar), 131(CH Ar), 133.9 (Cq Ar), 134.9
(Cq Ar), 143.4 (C=N), 153.0 (C-0, Ar), 179.3 (C=8)al. Calcd. For gH16BrN3;OS:
C, 55.08; H, 3.89; N, 10.14. Found: C, 55.50; B83N, 10.38.

4.3.32. 1-(4-bromophenyl)-2-(naphthalen-2-yloxyaetti-one thiosemicarbazonet)
Recrystallization in toluene afforded colorlessstays, yield = 83%. M.p. (°C): : 185.
IR (KBr): 3426 and 3335 (N}, 3247 (N-H), 1608 (C=N) cth *H NMR (400 MHz,
DMSO-dg): § 5.44 (s, 2H, Ch), 7.15 (d, 1HJ = 9.19 Hz, Ar-H), 7.37 (t, 1H] = 7.99
Hz, Ar-H), 7.39 (s, 1H, Ar-H), 7.49 (t, 1d,= 7.99 Hz, Ar-H), 7.57 (d, 2H, = 8.39 Hz,
Ar-H), 7.78 (d, 1HJ = 7.99 Hz, Ar-H), 7.83 (d, 1Hl = 9.19 Hz, Ar-H), 7.85 (d, 1H]
= 7.99 Hz, Ar-H), 7.93 (d, 2H) = 8.39 Hz, Ar-H), 8.18 (s broad, 1H, MK 8.53 (s
broad, 1H, NH), 10.99 (s broad, 1H, NH}’*C NMR (100 MHz, DMSO-d): & 60.8
(CHy), 107.6 (CH Ar), 118.4 (CH Ar), 122.8 (Cq Ar), 193CH Ar), 126.6 (CH Ar),
127.6 (CH Ar), 128.7 (Cq Ar), 129.3 (CH Ar), 13XQaH Ar), 133.9 (Cq Ar), 134.9 (Cq
Ar), 143.1 (C=N), 152.4 (C-O, Ar), 179.3 (C=S). An@alcd. For GgH1BrNsOS: C,
55.08; H, 3.89; N, 10.14. Found: C, 54.97; H, 319810.21.

4.4. X-ray crystallography

X-ray diffraction data collections were performed an Enraf-Nonius Kappa-CCD
diffractometer (95 mm CCD camera @ngoniostat) using graphite monochromated
MoK _radiation (0.71073 A), at room temperature. @abllections were carried out

using the COLLECT software[43] up to 50° if. Final unit cell parameters were based



on 8742 reflections for compou& and 6629 reflections for compouftl. Integration
and scaling of the reflections, correction for e and polarization effects were
performed with the HKL DENZO-SCALEPACK system of ograms[44]. The
structures of the compounds were solved by direthods with SHELXS-97[45]. The
models were refined by full-matrix least squaresFomising the SHELXL-97[45]. The
program ORTEP- 3[46] was used for graphic repregemt and the program
WINGX[47] to prepare materials for publication. AH atoms were located by
geometric considerations (C—H = 0.93-0.97 A ; N-19.86 A) and refined as riding
with Uiso(H) = 1.5Ueq(C-methyl) or 1.2Ueq(otherhél' main crystallographic data is
available in the supplementary material.

4.5. Cells

BALB/c mouse, housed in the Centro de Pesquisashddagalhaes (Recife, Brazil),
were used to collect splenocytes accordingly taewipusly reported protocol[48].
cruzi Dm28c epimastigotes, cloned derived from Dm28 irstrélcl)[49], were
maintained at 26 °C in Liver Infusion Tryptose (Lifedium supplemented with 10%
fetal bovine serum (FBS) (Life Technologies, Caat$bCA, USA), 1% hemin (Sigma-
Aldrich), 1% R9 medium (Sigma-Aldrich), and 50 pd/mgentamycin (Novafarma,
Andpolis, Brazil). Y strain (Tcll) trypomastigotagere obtained from the supernatant of
infected LLC-MK2 cells and were maintained in RPMI40 medium (Sigma-Aldrich)
supplemented with 10% FBS, and 50 pg/mL gentamwatir87 °C and 5% CO
Experiments were carried out in accordance withréitemmendations of ethical issues
guidelines and were approved by the local Animaidst Committee (number 0266/05).

4.6. Cytotoxicity in mouse splenocytes

BALB/c mouse splenocytes were seeded at 5 % ddlis/well in 96-well plate.

Compounds were dissolved in DMSO and then dilutedRPMI-1640 medium in a

serial dilution (1.23, 3.7, 33.33 and 100 pg/mLd added to respective wells, in
triplicate. The final DMSO concentration was 1% eTplate was incubated for 24 h at
37 °C and 5% C® After, 1.0 uCi ofH-thymidine (Perkin Elmer, Waltham, MA, USA)
was added, incubated and cells were harvested laewl transferred to a liquid
scintillation counter (WALLAC 1209, Rackbeta Phangiaa Stockholm, Sweden) and



the percent ofH-thymidine incorporation was determined. The higheon-cytotoxic
concentration (HNC) was determined for each comgdodior determining the Gg

values, five different concentrations were used.

4.7. Anti-T. cruzi activity (epimastigotes)

Epimastigotes (Dm28c strain) grown in LIT media e&veounted in a hemocytometer
and then seeded at ®16ells/well into a 96-well plate. Compounds werssdived in
DMSO and then diluted in LIT médium in a serialudibn (1.23, 3.70, 11.11, 33.33 and
100 pg/mL) and added to respective wells, in wadke. The final DMSO concentration
in the plate was 1%. Plate was incubated for 5 day6 °C, aliquots of each well were
collected, and the number of viable parasites wetsted in a Neubauer chamber and
compared to untreated parasite culture. Inhibitbopcentration for 50% (l§g) was
calculated using nonlinear regression on PrismGr&phPad software. Benznidazole

and nifurtimox were used as the reference drugs.

4.8. Anti-T. cruzi activity (trypomastigotes)

Metacyclic trypomastigotes were collected from sipernatant of infected LLC-MK2
cells and then seeded at 4 X t@lls/well in RPMI-1640 medium. All compounds were
dissolved in DMSO and then diluted in RPMI-1640 medin a serial dilution (1.23,
3.70,11.11, 33.33 and 100 pg/mL) and added tceotisie wells, in triplicate. The final
DMSO concentration was 1%. Plate was incubated®4oh at 37 °C and 5% of GO
Aliquots of each well were collected, and the nuntferiable parasites was counted in
a Neubauer chamber. The percentage of inhibitios walculated in relation to
untreated cultures. Cytotoxic concentration for 50Q@Cs;) was determined using
nonlinear regression with Prism 4.0 GraphPad soéwBenznidazole and nifurtimox

were used as the reference drugs.
4.9. Anti-T. cruzi activity (amastigotes/trypomgsetes)
The in vitro anti-trypanosomal activity in amastigote and tryyastigote forms off.

cruzi was evaluated by colorimetric beta-galactosidasayadeveloped by Bucknet
al. (1996)[50] and modified by Romanteh al (2010)[39].T. cruzi(Tulahuen strain)



expressing thé&. coli beta-galactosidase gene were grown on monolaygeroofe L-
929 fibroblasts. Cultures assayed for beta-galatdss activity were grown in RPMI
1640 medium without phenol red plus 10% fetal bevserum and glutamine. Ninety-
six-well tissue culture micro plates were seedetth Wi929 fibroblasts at 4.0 x I@er
well in 80 pL and incubated overnight at 37 °C, 3%,. Beta-galactosidase-
expressing trypomastigotes were then added at0per well in 20 pL. After 2h, the
medium with trypomastigotes that have not penealratethe cells was discarded and
replaced by 200 uL of fresh medium. After 48 h, thedium was discarded again and
replaced by 180 pL of fresh medium and 20 puL af¢empounds. Each compound was
tested in quadruplicate. After 7 days culture depelent, chlorophenol red beta-D-
galactopyranoside at 100 uM and Nonidet P-40 &0nere added to the plates and
incubated overnight, at 37 °C. The absorbance vessuned at 570 nm in an automated
microplate reader. Benznidazole at itgdCL pg/mL = 3.81 uM) was used as positive
control. The results are expressed as percentagmrakite growth inhibition. Two

independent experiments were performed.

4.10. Cytotoxicity in mouse L-929 fibroblasts

The active compounds were tesiadvitro for determination of cytotoxic over L-929
cells using the alamarBlfiedye. Were used the same cell number, time of &l c
development and time of compound exposure useithéodbeta-galactosidase assay. The
cells were exposed to compounds at crescents ciwatens starting at 16 value of
the T. cruzi The compounds were tested in quadruplicate. A&rh of exposure,
alamarBlu€ was added and the absorbance at 570 and 600 nMmeassired 6 h later.
The cell viability was expressed as the percentagelifference in the reduction
between treated and untreated cells [39].s«C@lues were calculated by linear
interpolation and the selectivity index (SI) wadedmined based on the ratio between
CGCsp and IG values.

4.11. Inhibition of catalytic activity of cruzain
The cruzain activity was measured by monitoring theavage of the fluorescent

substrate Z-Phe-Arg-aminomethylcoumarin (Z-FR-AM@), a Synergy 2 (Biotek)

fluorimeter, of the Centre for Flow Cytometry Fluoetry at the Department of



Biochemistry and Immunology from the Federal Unsitgr of Minas Gerais (UFMG),
Brazil. All assays were performed in a buffer solutof 0.1 M sodium acetate pH 5.5
in the presence of 1 mM betamercaptoethanol, 0.0d##n X-100, 0.5 nM cruzain and
2.5 UM of substrate (Km = 1 uM). Initially the cooynds were pre-incubated in a
solution containing the enzyme. After 10 minutesnaiibation the substrate was added.
The enzymatic activity was calculated based on @ispn with DMSO control, from
initial rates of reaction. The screen with p® of inhibitor was performed at least
twice, each in triplicate, and was monitored fombutes. Gy determinations were
performed at least twice for each compound, antt eacve was constructed based on
at least seven compound concentrations, eachpircéte, with the software GraphPad
Prism 5.

4.12. PI staining

Y strain trypomastigotes (4x1)0in RPMI-1640 medium supplemented with 10 % FBS
were treated with Benznidazole (25 puM) or thiosembazones and incubated for 24 h
at 37° C in 5 % C@ Triton X-100 (Sigma-Aldrich, 10 pL) was used assitive
control. Parasites were labeled with 5uL Pl frora BD apoptosis detection kit (BD
Pharmingen, New Jersey, USA) according to the nzenturfer instructions. Acquisition
of at least 10°000 events was performed using a $@dlibur flow cytometer (BD
Biosciences, San Jose, CA, USA), and data wereyasthlusing CellQuest software

(BD Biosciences). Two independent experiments \peréormed.
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Table 1. Anti-T. cruzi activity against epimastigote and trypomastigatens and cytotoxicity against
splenocytes.

T. cruzi
, Cytotoxicit
Compd. ArIAr R Epimastigotes  Trypomastigotes H%C [um] @
ICso [UM] ™ CCoo [uM] ™
Ar'
H H
o] X N _N_
N R
Br s
8a Ph H 14.5 24 68.6
8b 4-CHz Ph H 3.7 3.1 13.2
8c 4-OCH; Ph H 3.1 5.0 25
8d 4-F Ph H 3.8 3.6 2.6
8e 4-Cl Ph H 3.6 5.3 12.5
8f 4-Br Ph H 11.9 3.9 22.6
89 4-Ph Ph H 3.9 2.1 23
8h a-naphthyl H 7.5 14.7 2.4
8i 4-OCH; Ph Me 4.5 3.6 NT
8j 4-OCH; Ph Ph 10.2 ND NT
8k 4-F Ph Me 15.7 7.4 NT
8l 4-F Ph Ph ND 15.6 NT
Ar/o
S NN
N” \n/ “R
Br 9a-t| S
9a Ph H 3.0 6.6 137.3
9b 4-CH,CHj; Ph H 2.1 1.8 2.6
9c 4-CH(CH), Ph H 3.8 2.9 >246.0
od 4-C(CHs); Ph H 5.2 2.2 2.4
%e 3-OCH; Ph H 3.7 1.2 25
of 4-OCH; Ph H 1.8 3.7 <25
99 4-NHCOCH; Ph H 15.6 35 2.4
9h 4-F Ph H 1.8 3.1 2.6
9i 3-Cl, 4-F Ph H 3.4 1.7 24
9j 2-Cl Ph H 35 6.0 <25
9k 3-Cl Ph H 2.2 1.6 25
9l 4-Cl Ph H 4.6 5.7 <25
9m 2,34iCl Ph H 4.4 5.7 23.1
9n 3,44iCl Ph H 1.8 3.0 <2.3
90 3-Br Ph H 3.9 6.2 2.7
9p 4-1 Ph H 2.9 2.1 2.1
9q 3-Ph Ph H 4.4 28.3 2.3
9r 4-Ph Ph H 4.1 12.3 22.7
9s a-naphthyl H 3.0 3.4 2.4
ot B-naphthyl H 5.3 5.0 2.4
BDZ 48.8 6.2 96.1
NEX 5.7 2.7 3.5

HNC = highest non-cytotoxic concentratioND = not determined; NT = not tested; BDZ = benznale;
NFX=nifurtimox. [a] Determined 5 days after incuioat with compounds, using Dm28c epimastigotes. [b]
Determined 24 h after incubation with compound®@¥ strain trypomastigotes. §g= inhibitory concentration for
50%. CGy = cytotoxic concentration for 50%. G&and IGg values were calculated using concentrations ri¢ete



and experiment was repeated, only values with redstal deviation < 10% mean were considered. [c] Gability
of BALB/c mouse splenocytes determined 24 h aftattnent.



Table 2 Lipinski criteria for thiosemicarbazon@a and9c.

Compound MW ClogP H bond H bond criteria
(g/mol) donors  acceptors met
Rule <500 <5 <5 <10 3 at least
9a 364.26 3.57 3 5 All

9c 406.34 4.81 3 5 All




Table 3. Anti-T. cruziactivity against amastigote and trypomastigotenfomfecting a vertebrate cell and
inhibitory activity against cruzain.

T.cruz Fibroblast g/ Cruzain Inhibition

Compd. ArIAT R ICsUM]  CCoo[uM] [9%]

8a Ph H 10.2 <27.5 <2.7 67.6 £ 6.8

8b 4-CH; Ph H 7.9 13.2 1.7 70.9+2.6

8c 4-OCH; Ph H 11.9 <25.4 <2.1 38.7+7.9

8d 4-F Ph H 10.7 <26.2 <2.5 53.1+5.0

8e 4-Cl Ph H 14.8 25.1 1.7 67.5+6.2

8f 4-Br Ph H <8.1 22.6 >2.8 11.8+13.2

89 4-Ph Ph H 3.3 22.7 6.9 88.9+2.6 (0.6 +1.5)
8h a-naphthyl H 4.8 121 25 73.6+8.3

8i 4-OCH; Ph Me ND ND 29.8+9.0

8j 4-OCH; Ph Ph ND ND 42.8+16.6

8k 4-F Ph Me ND ND 30.0+5.4

8l 4-F Ph Ph ND ND 35.0+5.7

Ar/O
S NN
N7 \n/ “R

9a Ph H 5.4 54.9 10.2 61.8+9.1

9b 4-CH,CH; Ph H 6.4 <25.5 <4.0 75.1+5.8

9c 4-CH(CH), Ph H 12.3 24.6 2.0 49.7+6.4

od 4-C(CHg)3 Ph H 15.2 23.8 1.6 85.3+5.1

9e 3-OCH; Ph H 9.9 50.7 5.1 62.8+4.7

of 4-OCH; Ph H 8.9 101.5 11.4 75.8+1.1

9¢g 4-NHCOCH; Ph H 43.2 94.9 2.2 80.7+3.5

9h 4-F Ph H 15.7 52.3 3.3 84.0+1.3(0.4+2.1)
9i 3-Cl, 4-F Ph H 9.0 48.0 5.3 93.7+5.8(0.07x1.2)
9j 2-Cl Ph H 135 25.1 1.9 58.9+6.3

9k 3-CI Ph H 25.1 <50.2 <2.0 51.8+6.3

9l 4-Cl Ph H 11.2 <25.1 <2.2 76.3+2.4
9m 2,3diCl Ph H 10.8 23.1 2.8 81.8+6.6

9n 3,4diCl Ph H 8.3 23.1 2.8 99.1 + 1.5 (0.008 + 1.6)
90 3-Br Ph H 149.4 >180.5 >1.2 81.3+1.4

9p 4-1 Ph H 8.6 <20.4 2.4 63.3+10.2

9q 3-Ph Ph H >181.7 ND 65.4+17.3

or 4-Ph Ph H 76.6 90.8 1.2 63.7 +23.1

9s a-naphthyl H 48.3 <96.5 <2.0 ND

ot B-naphthyl H 135 >193.1 >14.3 72.1+£9.2

BDZ 3.8 2381 625

BDZ=benznidazole. ND=not determined; [a] Selectiuitglex (SI) is the ratio of murine fibroblast vikityi (CCsg) to
the IGg on T. cruzi [b] Compounds were tested at 50 UM and the peériremibition of catalytic activity was
determined; values in parenthesis arg Malues [LM] and represent the mean +SD of threasomements.



Br

.....

H
(o] > N NH, o . .
R S s s A .
B [ CI'. v Bro: F :
9h 9l et 8f 9
ICs0 = 15.7 uM ICs=11.2 uM ICso = 8.1 uM ICso = 8.6 uM
Atomic Radius

Figure 6. Relationship of atomic radius and antiparasititvity.



Table 4. Analysis of trypomastigotes positive only for PI.

Compound Concentration @M) % PIl-positively stained cell
Triton X-100 (10uL) - 67.8

Benznidazole 5.0 4.2
Benznidazole 25 56.4

9c 0.5 2.3

9c 5.0 42.2

9i 0.5 2.7

9i 5.0 34

9n 0.5 2.3

9n 5.0 44.9

#Values were taken from two different readings ofeaist 10,000 events 24 h after incubation with Y
strain trypomastigotes.
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Figure 7. Thiosemicarbazone9c treatment causes parasite death through necrdsisstrain
trypomastigotes were treated with compo@udfor 24 h. Parasites were examined by flow cytoynetr
with PI staining. Panel (A): Untreated; (B): pogiticontrol (Triton X-100); (C): Thiosemicarbazodeat

1.0 pM; (D): Thiosemicarbazon®c at 5.0 uM. E) Thiosemicarbazon®c induces necrosis in a
concentration-response manner. The percentagdlsfiteach left quadrants represent the unstaiRéd,;
guadrants represent Pl. Two independent experimesres performed, each compound concentration was

tested in duplicate.




Supplementary material

Crystallographic data

Table S1. Crystal data, data collection and structure refieein

Identification code Compourtte Compoundh
Empirical formula CisHi2BrCIN; O S CisHi3BrFN; O S
Formula weight 397.7 382.25
Temperature 293(2) K 293(2) K
Wavelength 0.71073 A 0.71073 A
Crystal system monoclinic monoclinic
Space group R P2/c
a=6.7938(2)A| a=90° | a=9.1060(4)A| a=90°
Unit cell dimensions| b = 18.4510(6) A| B=116° | b =17.6520(9) A| p=125.4°
c=14.8910(5)A| y=90° | ¢=12.3510(6)A| y=90°
Volume 1677.2(1) B 1618.7(4) B
Z 4 4
Density (calculated) 1.575 Mg/n$ 1.57 Mg/n®
Absorption
coefficient 2.738 mml 2.682 mml
F(000) 796 768
Crystal size 0.48 x 0.46 x 0.33 méh

0.50 x 0.20 x 0.12 mi

Theta range for data

collection

3.651t0 27.5°

4.0to 27.5°

Index ranges

-8<h1<7, -23k<23,

-11<h<11, -2Kkk<22,

-1<1<18 -15<1<15
Reflections collected 15561 11449
Independent _ ,
_ 3803 [R(int) = 0.069] 3662[R(int) = 0.047]
reflections

Refinement method

Full-matrix least-squares orZH

- Full-matrix least-squares or%F

Data / restraints /

parameters

2725/0/199

2165/0/199

Goodness on&

1.04

1.023




Final R indices
[1>2sigma(l)]

R1 =0.056, wR2 = 0.147

R1=0.052,wR2=0.14

R indices (all data)

R1 =0.079, wR2 = 0.165

R1G86, wR2 = 0.16

Largest diff. peak

and hole

0.33and -0.24 e R

0.304 and -0.80 e R

Table S2. Bond lengths and bond angles (A, °), compo8ad

Br—C4  1.899 (4)
S—C15 1.686 (3)
Cl—C12 1.738 (4)
N2—C15 1.366 (4)
N2—N1  1.378 (4)
N1—C8  1.290 (4)
Cl—O  1.381(4)
C1—C6 1.381 (5)
Cl1—C2 1.381(5)
N3—C15 1.314 (5)
C4—C3 1.373(5)
C4—C5 1.375(6)

C15—N2—N1 118.1 (3)
C8—N1—N2  118.9 (3)
0—C1—C6  115.0 (3)
O0—C1l—C2  124.6(3)
C6—C1—C2  120.3 (4)
C3—C4—C5 120.4 (4)
C3—C4—Br  119.0 (3)
C5—C4—Br  120.4 (3)

o0—C7
Co—C14
C9—C10
C9—C8
c8—C7
C2—C3
C6—C5
Cl11—C12
C11—C10
C12—C13
C14—C13

N3—C15—N2
N3—C15—S
N2—C15—S
C3—C2—C1
Cl1—C6—C5
C4—C3—C2

C12—C11—C10

C4—C5—C6

1.426 (4)
1.383 (5)
1.390 (5)
1.485 (5)
1.514 (5)
1.381 (6)
1.380 (6)
1.357 (6)
1.389 (6)
1.372 (6)
1.383 (6)

118.6 (3)
124.1 (3)
117.3 (3)
119.6 (3)
119.6 (4)
120.1 (4)
119.3 (4)
120.0 (4)




Cl—0—C7  117.4(3)
C14—C9—C10 117.2 (3)
C14—C9—C8 120.6 (3)
C10—C9—C8 122.1 (3)
N1—C8—C9 1155 (3)
N1—C8—C7  126.8 (3)
C9—C8—C7  117.6 (3)

Table S3. Bond lengths and bond angles (A, °), compo8ind

Brl—C4 1.899 (4)
S—C15 1.674(4)
F—C12 1.365 (4)
O—C9  1.384(4)
O—C8  1.409 (4)
N1—C7  1.276 (4)
N1—N2  1.370 (4)
N2—C15 1.355 (4)
N3—C15 1.326 (4)
Cl1—C2 1.377(5)
C1—C6 1.394 (4)
C1—C7  1.490 (4)

C9—0—C8  118.3(3)
C7—N1—N2  121.5(3)
C15—N2—N1 119.6 (3)
C2—C1—C6  117.4(3)
C2—C1—C7 122.8(3)
C6—C1—C7 119.8 (3)

C11—C12—C13
C11—C12—Cl
C13—C12—Cl
o0—C7—C8
C9—C14—C13
C12—C13—Ci14
C11—C10—C9

C2—C3
C3—C4
C4—C5
C5—C6
C7r—C8
C9—C14
C9—C10
C10—C11
Cl1—-Ci12
C12—C13
C13—C14

C1—C7—C8
O0—C8—C7
C14—C9—C10
C14—C9—0O
C10—C9—0O
C9—C10—C11

121.0 (4)
119.8 (3)
119.2 (3)
115.3 (3)
121.6 (4)
119.3 (4)
121.5 (4)

1.376 (5)
1.377 (5)
1.364 (6)
1.378 (5)
1.514 (4)
1.374 (5)
1.380 (5)
1.396 (5)
1.344 (6)
1.362 (6)
1.373 (5)

115.5 (3)
111.7 (3)
120.4 (3)
115.8 (3)
123.8 (3)
118.9 (4)



c3—C2—C1
C2—C3—C4
C5—C4—C3
C5—C4—Br1
C3—C4—Br1
C4—C5—C6
C5—C6—C1
N1—C7—C1
N1—C7—C8

122.7 (3)
118.1 (4)
121.1 (4)
119.2 (3)
119.6 (3)
119.9 (3)
120.7 (4)
115.3 (3)
129.2 (3)

C12—C11—C10
C11—C12—C13
Cl1—C12—F
C13—C12—F
C12—C13—Ci14
C13—C14—C9
N3—C15—N2
N3—C15—S
N2—C15—S

119.2 (4)
122.5 (4)
118.3 (4)
119.2 (4)
119.0 (4)
120.0 (4)
116.6 (3)
125.1 (3)
118.4 (3)
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8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8

f1 (ppm)



L0521_29.d8c [} NN Nwv< AL -]
Wanderlan™ n N M QN n = b 3
Amostra Jf34.2 in T AN N A =B o ¥
Solicitacao™\. L0521-29 - - e - o br 0 N
03.06.2013 UFPE Vo R N VAR | | |
Compound 9c
X NH__NH,
N \"/
HaC S
CH,
|

| ! Ly I
v AMAS A an oyt Aoty wiivhe L g e plaiy VAaw\pr g e Mt_.-, T

T T T T T T T T T T T T T T T T T T T

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



L0521_29.dept
Wanderlan

Amostra JW-34.2
Solicitacao N. L0521-29
03.06.2013 UFPE

—130.90
—128.93
~126.91

—114.35

—60.80
00
=
—32.40
23.88

Compound 9c

0 X NH__NH,
T

HsC S

CH,

180 170 160 150 140 130

120

110

100

90 80 70 60 50 40 30 20 10
f1 (ppm)




L0521_32.1h

Wanderlan

Amostra JW-38.2 Br
Solicitacao N. L0521-32

05.06.2013 UFPE

Compound 9n

cl 0 X NH__NH,
T

S
Cl

Isomer proportion
96.46% (Z) ; 3.54% (E)

2.18 inch - (2)

- D LMI 0.08 inch - (E) l

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)


Marcos
Medidor de Distância
Distancia:
0.08 inch

Marcos
Medidor de Distância
Distancia:
2.18 inch

Marcos
Máquina de escrever
Isomer proportion
96.46% (Z) ; 3.54% (E)

Marcos
Máquina de escrever
2.18 inch - (Z)

Marcos
Máquina de escrever

Marcos
Máquina de escrever

Marcos
Máquina de escrever

Marcos
Máquina de escrever
0.08 inch - (E)

Marcos
Máquina de escrever


L0521_32.1h
Wanderlan

Amostra JW-38.2
Solicitacao N. L0521-32
05.06.2013 UFPE

Br

Compound 9n

N \"/
S
Cl
T T T T T T T T T T T T T T T T T T T
8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9

f1 (ppm)



L0521_32.13¢ N n - NSSFINTO ©OM
Wanderlan v W RNSYHF®HON Vo = B
Amostra JW-38. 2 n S SMmMANNN 99 o r
Solicitacao N. L0%21-32 b n e A e ©
05.06.2013 UFP N R Y4
Compound 9n
N \"/
S
Cl
1l
|
| | | | |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10

f1 (ppm)



L0521_32.dept M M L n N
Wanderlan a © a9 < @ Br
Amostra JW-38.2 8 8 ﬁ 2 ﬂ
Solicitacao N. L0521-32 e Anlh
05.06.2013 UFPE N A Y4

Compound 9n

cl 0 X NH__NH,
T

S

Cl

T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)



N0209_16.1h

Wanderlan Pontes/Farmacia

Amostra JW-47.2 Br
Solicitacao N. N0209-16

12.02.2015 UFPE

Compound 9a

o X NH__NH,
T

S

Isomer proportion
93.49% (Z) ; 6.51% (E)

3.16 inch - (2)

JL _J ﬂ' 0.22 inch - (E) J \

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)


Marcos
Medidor de Distância
Distancia:
3.16 inch

Marcos
Medidor de Distância
Distancia:
0.22 inch

Marcos
Máquina de escrever
Isomer proportion
93.49% (Z) ; 6.51% (E)

Marcos
Máquina de escrever
3.16 inch - (Z)

Marcos
Máquina de escrever

Marcos
Máquina de escrever

Marcos
Máquina de escrever
0.22 inch - (E)

Marcos
Máquina de escrever


N0209_16.1h

Wanderlan Pontes/Farmacia

Amostra JW-47.2
Solicitacao N. N0209-16
12.02.2015 UFPE

[ ———

.

Br

Compound 9a

X NH__NH,
T

S

8.4

8.3

8.2

8.1

8.0

7.9

7.8

7.7
f1 (ppm)

7.6

7.5

7.4

7.3

7.2 7.1 7.0

6.9

6.8



N0209_16gh\3c ) O NTONTSTMNMITM (-]

Wanderlarfbontes/Farmacia : ; : : : : : ; : : : =
SolicitacadN. N0209-16

12.02.2019 UFPE I S\ \/ | |

Compound 9a

o X NH__NH,
T

S

S S— U U O G oy 8 - —— I ——

T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)



N0209_16.dept MORNSAN M L
Wanderlan Pontes/Farmacia eraY- M NN
Amostra JW-47.2 PO Br
Solicitacao N. N0209-16 e "5 H
12.02.2015 UFPE ~\— | Y
Compound 9a
|
o X NH__NH,
N \"/
|
S
|
|
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 C

f1 (ppm)



N0209_15.1h

Wanderlan Pontes/Farmacia

Amostra JW-48.2

Solicitacao N. N0209-15
12.02.2015 UFPE

Compound 8|

. NH NH
Y
S

Br
Isomer proportion
91.50% (Z) ; 8.50% (E)
3.77 inch - (2)
—JL ‘}JU J& “ 0.35inch - (E) J ‘A
T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)


Marcos
Medidor de Distância
Distancia:
3.77 inch

Marcos
Medidor de Distância
Distancia:
0.35 inch

Marcos
Máquina de escrever
0.35 inch - (E)

Marcos
Máquina de escrever
Isomer proportion
91.50% (Z) ; 8.50% (E)

Marcos
Máquina de escrever
3.77 inch - (Z)

Marcos
Máquina de escrever

Marcos
Máquina de escrever

Marcos
Máquina de escrever


N020935.13c

n o © m LoV < = N L0 00
WandeNan Pontes/Farmadd I\ @ Q@ FANNQOG®MANN Mmoo B
Amosti§yIW-48.2 NY O © ALVLLVANHSDWNOO®®IN \
mos : © o T TMOMMMOMNMOMOMANNNNS A - F <
Solicit 0N_N0209_151-|1-|1-| L] o v v v e e e v ] v v v e e O
12.02.2b15 UFPE 77N | N |

Compound 8I

(o} NN /NH NH
Y
S
Br

NIY "R

T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)



N0209_13.1h

Wanderlan Pontes/Farmacia

Amostra JW-51.2

Solicitacao N. N0209-13 H.C
12.02.2015 UFPE 3 N

Compound 8i

o) XN NH _NH
N \"/ “CH,

S
Br

Isomer proportion
89.24% (Z) ; 10.76% (E)

1.99inch - (2)

1 ] N gomeee L

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.5  10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
f1 (ppm)

2.5

2.0

1.5

1.0

0.5


Marcos
Medidor de Distância
Distancia:
0.24 inch

Marcos
Medidor de Distância
Distancia:
1.99 inch

Marcos
Máquina de escrever
0.24 inch - (E)

Marcos
Máquina de escrever
Isomer proportion
89.24% (Z) ; 10.76% (E)

Marcos
Máquina de escrever
1.99 inch - (Z)

Marcos
Máquina de escrever

Marcos
Máquina de escrever

Marcos
Máquina de escrever


N0209_13.1h

Wanderlan Pontes/Farmacia

Amostra JW-51.2

Solicitacao N. N0209-13 H.C
12.02.2015 UFPE 3 N

Compound 8i

o) XN NH _NH
N \"/ “CH,

S
Br

o NAC

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
3.15 8.10 8.05 800 795 790 785 780 775 770 7.65 760 755 750 7%45( 7.430 735 730 725 720 7.15 710 705 700 6.95 6.90 6.85 6.80 6.75 6.7C
1 (ppm



N0209_12al3c < o o OCNOHO ONI®O
Wanderla¥®Pontes/Farmacia ™ < n NANSETRNA ANON® = ~
Amostra J§-51.2 3 3 s MmMmMm Q- ¥ o
SolicitacagiN. N0209-13 o ~ A HeH © i
12.02.2016 UFPE || | ~ N\ ~ | |
o)
Compound 8i
(o} XL /NH NH\
N CH;
S
Br

—34.29

T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)



