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Abstract

Thiazole derivatives are recognized to possessowsribiological activities as

antiparasitic, antifungal, antimicrobial and antiferative. The present work reports
the synthesis of 22 new substances belonging to d¢lasses of compounds:
thiosemicarbazones and thiazoles, with the purmdsdeveloping new drugs that
present high specificity for tumor cells and lowitaty to the organism. A cytotoxic

screening was performed to evaluate the performahtiee new derivatives in five

tumor cell lines. Eight compounds were shown t@tmmising in at least three tumor
cell lines. These compounds had theisgl@etermined within 72 hours and the
activity structure ratio was assessed. The effettebest compounds on PBMC and
hemolytic activity assay was then evaluated. Thapmundld was considered the

most promising among the samples tested and itsemée on cell cycle, DNA

fragmentation and mitochondrial depolarization wealuated.
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HIGHLIGHTS

The cytotoxic activity of 3 thiosemicarbazones 48dchew thiazoles was evaluated;
Eight compounds were shown to be promising inatléhree tumor cell lines;
Compoundld induced mitochondrial depolarization;

Compoundld induced DNA fragmentation and arrest cell cycl&ihphase;

Compoundld presented as a promising antitumor candidate.



1 Introduction

Cancer is one of the major public health problemsany countries around the world
[1]. A complex disease of genetic trait has longrbeconsidered a process of
autonomous cell death, resulting from the acqoisitof successive mutations in
oncogenes and tumor suppressor genes that resallpingressive proliferation and
resistance to cell death [2, 3].

The standard treatment for cancer, although notipeis based on surgery,
radiotherapy, and chemotherapy. Often, surgicakatesn and radiotherapy are
successful techniques in eradicating the primargnoiy although a problem
commonly found is relapse of the disease due taduak tumor cells and/or
metastasis. Therefore, these therapeutic strategies usually followed by
chemotherapy [4].

Although many antitumor agents are present in ftexature and commercially
available, such compounds exhibit high cytotoxiatyd develop resistance, which
may lead to decreased drug efficacy. Thus, carmgyatan be considered an area of
great need to be explored [5].

In recent years, compounds with anticancer actiidlye been extensively designed
and tested as good perspectives by medicinal ckenssch as the possibility of
developing promising new prototypes for the treatima cancer. Previous studies
have shown that the pharmacophoric group thiosebazanes has several
pharmacological properties such, antiparasiti@[@, 9], larvicide [10], antimicrobial
[11, 12] and antiproliferative [13, 14].

The antitumor activity of thiosemicarbazones seeémbe due to an inhibition of
DNA synthesis produced by the modification in theductive conversion of
ribonucleotides to deoxyribonucleotides [15]. Thiglogical role is often related with
their capability to inhibit the enzyme, ribonuclielet reductase, similar to what is
observed with potent anticancer drugs such asinedgio6].

Thiazole nucleus, heterocycle derived from thiosambazone, also have a broad
scope in preclinical studies that demonstrateffisaey in antiparasitic [17, 18, 19],
antifungal and antimicrobial [20, 21] and antipf@lative activities [22, 23, 24, 25] in
addition to a low cytotoxicity. In previous workeur group identified that 1,3-
thiazoles substituted at 2 and 4 positions haveerpotantitumor and
immunomodulatory activity [24, 25]. Regarding thentiproliferative activity,

according to Morigket al., thiazole derivatives can act though the inhaiitof matrix



metalloproteinases (MMPs), inhibition of kinasedd anhibition of anti-apoptotic
BCL2 family proteins [26].

On the other hand, it is well known that the presenf C-F bonds in organic
molecules has an important effect on propertiesh sag lipophilicity, membrane
permeability, pKa, conformation, metabolic stapilitand pathways, and
pharmacokinetic properties [27].

Besides, introducing fluorine atoms and/or fluorgoataining groups into bioactive
compounds can improve selectivity, intrinsic potgnncreasing efficacy and easiest
to administer [28]. Then, more than 20% of the entrapproved drugs contain at
least one fluorine atom [29]. Indeed, compoundgaaomg trifluoromethyl in their
structure have shown potent anticancer activity amd increasing number of
fluorinated antimitotic/antitumour agents have nbecoming available for cancer
treatment. [30]. For exemple, trifluoromethylatddugs such as flutamide (I),
hydroxyflutamide (II), nilutamide (lll) and 5-trifloromethyl uracil (IV) are widely
used for the treatment of metastatic prostate ¢cdBad¢

In this context, and following the work developey bur research group in the
development of new antitumor agents [24, 25, 32,333 the present study aimed to
synthesize 1,3-thiazoles derivatives containing triflit(loromethyl)-benzylidene

moiety. The prospect inspiration of the new seisgwesented ifigure 1.

PLEASE, INSERT FIGURE 1 HERE

Variations were made in the group linked to posittbof the thiazole ring, through
insertion of aromatic rings with different substituns in ortho, meta and para

positions and the antiproliferative activity agaifsiman tumor cell lines of all
compounds were evaluated. The structural planninglloseries is presented in

Figure 2.

PLEASE, INSERT FIGURE 2 HERE

Twenty-two derivatives were tested for cytotoxidiaty by the MTT assay in five
tumor lines. Among the molecules tested, 8 showegdifcant toxicity in at least
three tumor lines tested. The compoultt presented better performance and was

chosen for studies of the possible mechanism adract



2 Results and Discussion

2.1 Chemistry

The intermediate thiosemicarbazong8 (R1 = H, Me, Ph, respectively) were
prepared in reaction between the 4'-trifluorometigthzaldehyde (commercially
obtained) with the corresponding thiosemicarbamidger reflux and catalytic amount
of HCI. These intermediate compounds them reach wlifferent a-halogenated
ketones, obtaining théa-3d series with yields of 22% to 94%sdheme 1). All
compounds were identified by infrared (IR) and eacl magnetic resonanc&H¢
NMR and *C-NMR) spectroscopy, mass spectra (ESI-TOF) anit fheity was
established by elemental analysis (EA).

PLEASE, INSERT SCHEME 1 HERE

NMR data are compatible with the proposed compoulmdtheory, two geometrical
isomers E and Z) about the imine (C=N) double bond are possible tiwe
thiosemicarbazones and the respective thiazolewetder, analysis of thtH NMR
spectra of the compounds indicated one predomimsorner; theE isomer by
comparison with known analogues [18, 19]. Intraroolar H-bonding involving the
proton attached to N4 (in DMSO) with the imine Nyatleads to a distinctive singlet
around 12 ppm and this is also seen here [18, 19].

Once thiosemicarbazones were characterized, theectdge 1,3-thiazoles were
characterized by usual spectroscopy. As exemplifiétl the 'H NMR analysis of
(E)-4-(2,4-dichlorophenyl)-2-(2-(4-(trifluoromethybenzylidene) hydrazinyl)thiazole
(1d), singlet and doublets peaks, corresponding tmatic protons, were observed at
0 7.5-7.9. For the thiazole ring, a singletdai.4 was found. NH proton appeared as
singlet atd 12.5. In*3*C NMR spectrum ofld, peaks of the aromatic carbons were
found atd126.8-138.3 ppm. The presence of peaks 409.7 and 145.8 ppm,
confirm the thiazole cyclisation. Besides, représtve *H-NMR spectrums of some

compounds are presented in Supplementary Material.



2.2 Cytotoxic screening of thiosemicar bazones and thiazoles derivatives

A cytotoxic screening against five tumor cells 8ni@ the assay single dose of 25
pg/mL is showed inTable 1. Were considered active substances which showed
inhibition above 75% in at least two strains of tigee adhered (NCI-H292, HEp-2,
and HT-29) and a suspension type strain (HL-60KB18R).

Among the 22 substances were tested, 8 showedothe ariteria {, 2, 1b, 1c, 1d,

le, 1h e 2b). Then had Ig values determined after 72 h.

PLEASE, INSERT TABLE 1 HERE

2.3 1Cs determination of thiosemicar bazones and thiazoles derivatives

Three thiosemicarbazones derivatives were assessieanor cell lines NCI-H292,
HEp-2, HT-29, HL-60, and K562. However, only twdbstances1 and2) showed
cytotoxic activity greater than 75% inhibition inlaast two cell lines with adhesive
characteristics and a strain in suspension.

Between the three thiosemicarbazonks2 and 3 it was observed that the simple
addition of phenyl group in the structure redudeal ¢ytotoxicity of the compoun@l
However,1 (R1 = H) and2 (R2 = Me) were promising for their antiprolifenai
action in all tumor lines tested.

1 and?2 showed cytotoxic activity in all tested tumor ciles. Howeverl showed
better activity against NCI-H292, HEp-2, K562 and-6D, with 1G5 ranging from
6.27 to 12.74 uMTable 3).

Of the 19 new thiazoles derivatives tested on tugsdl lines, six had significant
cytotoxic activity and have determined theirsdGTable 3) and onlylc and 1d
showed significant cytotoxicity to all tested tunumlil lines in the assay single dose
of 25 pg/mL Table 2).

Compounds which have a strongly electron withdrgwgmnoup (NQ) in the para
position [Table 3), as observed in th&#b and2b, had a large variation of the 4
values in all tested tumor linel showed IG, value ranging from 7.41 to 27.33 uM
while the2b showed IG, from 11.83 to 47.77 uM. However, although similduis
higher range fo2b ICso value can be related to the presence of a meihiked to

nitrogen (N-3).



The presence of electron withdrawing group gNi@to 1b showed better results for a
NCI-H292 with IGy = 7.41 uM. In contrast, the addition of electramthdrawing
group in themeta position (compoundc) may be associated with the inhibition of all
the cell lines tested in the screening cytotoxit, the presence of this group in the
meta position did not show good results when subjettetests to determine their
ICs0 values in the tested tumor cell lines, excephaK562 line cell.

The di-substituted compounds 2,4-dichlordd)( and 3,4-dichloro 1h) showed
excellent cytotoxic activity with 16 less than 10 uM in four tumor cells tested. The
variation in themeta andpara position do not appear to interfere with high ¢gkic
activity observed.

The 1le compound showed significant cytotoxicity in threemor cell lines. The
activity of this compound is related to the preseatthe methoxy group in thgara

position of the aromatic ring.

PLEASE, INSERT TABLE 2HERE

From the results obtained, an analysis cytotoxibab®r, over time, of the
intermediate compountl and the thiazole derivativld were determined from serial
dilutions after 24 or 48 h of treatment with K562lls. The values of 1§ are
presented i able 3.

PLEASE, INSERT TABLE 3HERE

The compounds showed low cytotoxicity in K562 celfter 24 hours of treatmertt.
and 1d were active cytotoxic time-dependent with a maximeffect after 72 h of
treatment. From the data obtained, we chooselthéo verify the mechanism of

action.

2.4 Cytotoxicity in normal cells

The cytotoxicity of the thiosemicarbazones andzblies were also evaluated against
peripheral blood mononuclear cell (PBMC). The rsspresented i able 4 show
that the cytotoxic effects of these compounds viese pronounced in PBMC when

compared to tumor cells, with a selectivity indé})(for myeloblastoid leukaemia



(K562) of 12.49 and 7.85 fdr and 1d, respectively. The Sl was calculated with the
following formula: SI = 1Go(PBMC) / 1G5 (K562).

None of the compounds described here were ableatisec hemolysis in human
erythrocytes during the study period, even at tighdst concentration (250 pg/mL)
(Table 4). The absence of lytic effects suggests that tietaxicity of these
compounds is not related to membrane disruption iantikely related to more

specific cellular pathways.

PLEASE, INSERT TABLE 4 HERE

2.5 Measurement of mitochondrial membrane potential (A¥Ym)

Several drugs act on mitochondria. Thus, we evetlly flow cytometry if there is
involvement of mitochondria in the mechanism ot delath. The assay was based on
incorporation of rnodamine 123 into cells treatathvid compound after 48 hours of
treatment. The objective was to evaluate the gbdit the thiazole derivative to
produce changes in mitochondrial transmembranenpatéA¥m).

The integrity of mitochondria and cellular bioeretig functions are controlled by
maintaining the mitochondrial membrane potentigtFin). During induction of cell
death by drug-induced apoptosis, it is possibl®lserve mitochondrial alteration,
and the event responsible for this is the incraasenitochondrial depolarization
(decrease of mitochondrial membrane potentiam). This event is related to the
initial events that occurred during the apoptosi®cess [35]. Mitochondrial
membrane depolarization is one of the main chanatitss of apoptosis-induced cell
death [36].

In this study, we evaluated the ability of thiazdkivativeld (17 uM and 34uM) to
produce changes in mitochondrial transmembranenpatéAW¥m) after 48 hours of
treatment. Compountld was able to induce mitochondrial depolarizatior205%
and 37.12% of cells treated with compouldiat concentrations of 17 and 3/,
respectively. The positive control doxorubicin mneed depolarization of 23.6%
while the negative control presented 12.24% of ohitmdrial depolarizationF{gure
3).

Hsiung and Kadir, [37] observed that mitochondud@polarization is capable of

inducing caspase-3 activation and consequent etieation of phosphatidylserine



(OS) on the plasma membrane of cells treated witistances isolated from plants

and thus demonstrated the role of depolarizatiapwptosis.

PLEASE, INSERT FIGURE 3HERE

Recent studies have demonstrated that thiazolettroompounds are capable of
inducing mitochondrial membrane depolarization aadsequent apoptosis in human
acute myeloid leukemia U937 cells [38]. Similarhenzothiazole YLT322 was able
to depolarize the mitochondrial potential and teigthe release of cytochrome ¢ from
the mitochondria to the cytosol showing the invahemt of this derivative in the
intrinsic pathway of apoptosis [39].

Kamal et al. [40] also observed that a benzothiazole linked phenyl
pyridopyrimidinones was able to induce apoptosigibyolarizing the mitochondrial
membrane of cervical cancer cells ME-180 and aigticaspase-3 in cervical cancer
cell line ME-180.

Our results suggest that compoutd is capable of inducing cell death with
mitochondrial involvement in the two tested dodéswever, complementary studies
evaluating the involvement of caspases and cytocre must be performed to
elucidate the involvement of mitochondria on thauiction of apoptosis in K562 cells

from compoundld.

2.6 Cdll cycle assay

The cell cycle is related to a series of eventpamsible for cell division and
duplication. The cell cycle presents four distippttases: G1, S (synthesis), G2
(interphase) and M (mitosis) phases. The harnesdiegergy and material for DNA
synthesis occurs in the G1 phase. Then the cditadgs its DNA in the S phase. The
G2 phase prepares the cell for the mitosis itséléne division of the nucleus and
cytoplasm of the cell takes place [41]. Due toithportance of the cell cycle in the
process of tumor progression we evaluated if gelvh inhibition in K562 occurred
due to cell cycle arrest by flow cytometry 48 hoafter treatment.

Many antitumor treatments have better results wtedls are in the process of cell
division. The explanation is because tumor cellowshloss of control of

differentiation and alteration in the cell cycl&]4Due to the importance of this event



in the process of tumor progression we evaluatedatition of compoundd on the
cell cycle by flow cytometry.

In this study K562 cells were treated with thesenpounds at concentrations of 17
and 34uM for 48 h. The data obtained clearly indicated th@se compounds show
G1 cell cycle arrest in comparison with the untedatells. The compouritl (17 and
34 uM) showed 85.25 and 82.74 % of cells in G1 ehggure 4). The positive
control doxorubicin had cell cycle arrest in G2/M.

Several thiazole derivatives have been describetianiterature as stop inducers in
different phases of the GO / G1, S and G2 / M cgtle and in different tumor cell
lines [41, 42, 43, 44, 45].

Senvikiet al. [42] observed that treatment with (5- [5- (2-Hyxlyphenyl) -3-phenyl-
4,5-dihydropyrazol-1-ylmethylene] -3- (3-acetoxypkB -2-thioxothiazolidin-4-one)
after 48 hours of treatment in leukemic cells HLv6&s also able to induce cell cycle
arrest in the GO / G1 phase.

PLEASE, INSERT FIGURE 4 HERE

2.7 DNA fragmentation assay

An important feature in the process of cell deayhapoptosis is the presence of
fragmented DNA. However, it is also possible toaslie other changes in nuclear
morphology such as nuclear condensation, chromddoMa cleavage, formation of
membrane blebs and presence of apoptotic bodigs [46

In order to evaluate DNA fragmentation, we used shme principle of cell cycle
analysis from the incorporation of propidium iodide the cells. Cells with
fragmented DNA emit less fluorescence by incorpogaless propidium iodide than a
cell with whole DNA. For the tumor line tested, gooound 1d induced DNA
fragmentation at the two concentrations analyzebaiained maximum effect at the
concentration of 34M which represented 22.43% of the cells presentaghiented
DNA. Compoundld at the concentration of 1;M presented 19.74% of the cells
with fragmented DNAFKigure5).

PLEASE, INSERT FIGURE 5HERE



Compoundld disrupted the K562-type leukemic cell cycle in @tase and was able
to depolarize the mitochondrial membrane. Altogettieese data and the presence of
cells with fragmented DNA may infer that the proleaimechanism of cell death
occurs by apoptosis. However, subsequent studiatdeto this cell death pathway

should be performed.

2.8 Physicochemical and ADME parameters

We evaluated if the synthesized compounds physeroatal properties are within the
Lipinski’'s Rule of Five, which are important for g@macokinetics and drug
development. For this purpose, physicochemical #ME properties were
calculated using the SwissADME (a free web toolet@luate pharmacokinetics,
drug-likeness and medicinal chemistry friendlineésmall molecules). Compound
obeying at least three of the four criteria aresidered to adhere to Lipinski Rule
[47]. All synthetized compounds are compatible withpinski Rule. Another
interesting property is the number of rotatabledsoand the polar surface area (PSA).
A large number of rotatable bonds1(Q) has been associated with poor oral
bioavailability [48]. Compounds with a low PSA (40 %) tend to have higher oral
bioavailability [48, 49]. All synthetized compoundsave appropriate PSA and
number of rotatable bonds. These data are presentled supplementary material.

As demonstrated ifable 5, the most active compounds shown variable perrigabi
based on gastrointestinal absorption (Gl), accgrdinthe BOILED-Egg predictive
model (Brain Or IntestinaL EstimateD permeation hod). Three compounds
showed high gastrointestinal absorptioh, ¢ and 1le). With respect to oral
bioavailability, it's expected 0.55 of probabilay oral bioavailability score > 10% in
the rat for all compounds, greater than doxorub(@it7). All these data, suggests the
in silico good druglikeness profile and great chemical Btedsi for this thiazole

compounds.

PLEASE, INSERT TABLE 5HERE

3 Conclusion

A series of three thiosemicarbazones and ninetgandles derivatives that insert a 4-

(trifluoromethyl)-benzylidene moiety were synthesiz Between them, 8 compounds



were identified with significant cytotoxic activityn at least three tumor cell lines.
Their 1C5o were determined and their action on red bloodscatid PBMC were also
tested. Compountid presented as a promising antitumor candidate aadl its
mechanism of action evaluated by flow cytometry.r @esults showed cell cycle
arrest in G1 phase, DNA fragmentation and altematio mitochondrial membrane
potential by compoundid for the two concentrations tested. These dataesigg
process of cell death, at least in part, by apaptegth involvement of mitochondrial
pathway in the mechanism of action. Complementargliss, such as involvement of
caspases and cytochrome c should be performediter leducidate the induction of
cell death produced kyd. The physicochemical and ADME properties of sysined
compounds were calculated silico and the data suggests thiazole compounds fits
druglikeness profile. Thus, our results show th&zole derivatives can be used in

the development of new drugs with anticancer agtivi
4 Experimental Section

4.1 Chemistry

The reagents were purchased from Acros OrganickalISigma-Aldrich and Vetec
or Dynamics solvents. Deuterated solvents (DMSQ-€BCkL, D,O) were of the
trademark CIL (Tedia Brazil). The reactions were nitmred by thin layer
chromatography using silica gel 60, containing fascent indicator F254.
Chromatographic plates were visualized under U¥tl{gvith double wavelength 365
or 254 nm). Melting points were measured using anfdés Hoover capillary and
values (°C) were reported thereafter. For all &f trovel compoundsH and **C
NMR analyzes and, where necessary, two-dimensemallsis (DEPT) as well as the
addition of deuterated water to localize NH signaé&se performed. All compounds
were solubilized in DMS@k. *H and**C NMR spectra were obtained using Unity
Plus model Variant instruments (400 MHz'té, 100 MHz to**C) or Bruker AMX
(300 MHz to 'H, 75.5 MHz toC) using tetramethylsilane (TMS) as internal
standard. The number of signals if NMR spectra was designated as follows:
s/singlet; d/doublet, t/triplet, dd/double doublefquartet, m/multiplet, and the
coupling constants, in hertz, dsinfrared spectroscopy was performed on a Bruker
instrument (IFS 66 model) using KBr.



4.1.1 General Procedurefor synthesis of compounds1, 2 and 3

The compoundsl, 2 and 3 was prepared by reacting commercially available
respective thiosemicarbazide with 4-(Trifluoromdthgnzaldehyde (1:1 mol ratio)
using ethanol under reflux in the presence of gatabmount of hydrochloric acid,
for 3 hours. Finally, water was added at the enthefreaction for precipitation of the
compounds. This reaction condition led to yieldwszn 85% to 94%. The reaction
was monitored by thin layer chromatography (TLQ)eTresulting solid was filtered
through a sintered funnel and recrystallized frotaene to give the pure product.

4.1.1.1 (E)-2-[4-(trifluoromethyl)benzylidene]lhydr azinecar bothioamide (1)

White crystals; Yield 85%; m.p.(°C) 166-170; Rf:D @hexane / ethyl acetate 7:3). IR
(KBr, cm!): 3272.63 (NH), 1698.36 (C=NjH NMR (400 MHz, DMSO-g), & ppm:
3.350 (s, 2H, NK), 7.673 (dJ = 7.8 Hz, 2H, Ar), 7.804 (d} = 8.1 Hz, 2H, Ar), 8.301
(s, 1H, HC=N), 11.598 (s, 1H, NHY*C NMR (100 MHz, DMSO-g), 5 ppm:
124.000(Ck) 125.278 (C, Ar), 125.324 (C, Ar), 127.651 (C, Atp9.971 (C, Ar),
134.488 (C, Ar), 138.147 (C, Ar), 140.219 (C=N)8107 (C=S). Anal. Calcd for
CoHgFsN3S: C, 43.72; H, 3.26; N, 17.00; S, 12.97. found4894; H, 3.04; N, 15.02;
S, 11.89. HRMS: 343.9749 [M+H] +

4112 (E)-N-methyl-2-[4-(trifluoromethyl)benzylidene]
hydr azinecar bothioamide (2)

White crystals; Yield 94%; m.p.(°C) 234-236; RfB® (hexane / ethyl acetate 7:3). IR
(KBr, cm!): 3158.76 (NH), 1539.93 (C=NjH NMR (400 MHz, DMSO-g), & ppm:
3.02 (d,J = 4.2 Hz, 3H, CH), 7.756 (d,J = 7.8 Hz, 2H, Ar), 8.025 (dl = 7.5 Hz, 2H,
Ar), 8.687 (s, 1H, HC=N), 11.690 (s, 1H, NHJC NMR (100 MHz, DMSO-g), 5
ppm: 30.923 (Ch), 125.134(CB), 125.522 (C, Ar), 127.727 (C, Ar), 138.372 (C) Ar
138.784(C=N), 177.915 (C=S). Anal. Calcd fofoldioFsNsS: C, 45.97; H, 3.86; N,
16.08; S, 12.27. found: C, 46.22; H, 2.77; N, 15.81 11.13. HRMS: 262.0527
[M+H] +

41.1.3 (E)-N-phenyl-2-[4-(trifluoromethyl)benzylidene]
hydrazinecar bothioamide (3)

White crystals ; Yield 93%; m.p.(°C) 190-193; Ré®,(hexane / ethyl acetate 7:3). IR
(KBr, cmi!): 3336.09(NH), 1541.11 (HC=NJH NMR (400 MHz, DMSO-g), § ppm:



7.227 (t,J = 7.4 Hz, 1H, Ar), 7.385 (1] = 7.8 Hz, 2H, Ar), 7.544 (d] = 8.4 Hz, 2H,
Ar), 7.767 (dJ = 8 Hz, 2H, Ar), 8.138 (d] = 8.4 Hz, 2H, Ar), 8.213 (s, 1H, HC=N),
10.252 (s, 1H, NH), 11.986 (s, 1H, NHJC NMR (100 MHz, DMSO-g), & ppm:
123.2 (C, Ar), 125.9 (Gff, 125.917(C, Ar), 126.0 (C, Ar), 126.6 (C, Ar),8.2 (C,
Ar), 128.6 (C, Ar), 129.8 (C, Ar), 130.1 (C, Ar)38,5 (C, Ar), 139.4 (C, Ar), 141.4
(C=N), 176.9 (C=S). Anal. Calcd foriH:,FsNsS: C, 55.72; H, 3.74; N, 13.00; S,
9.92. found: C, 56.12; H,2.91; N, 12.82; S, 8.0BRMS5: 324.0704 [M+H] +

4.1.2 General procedurefor synthesisof the series (1a-3d)

In a round bottom flask, arylthiosemicarbazohg?(or 3) and their acetophenone in
2-propanol (20 ml). The reaction mixture was keptr@m temperature for 1 h.
Reactions were monitored by thin layer chromatogya@@ LC). The resulting solid

was filtered through sintered funnel with distilledter, yielding the pure product.

41.2.1 (E)-4-phenyl-2-{2-[4-(trifluor omethyl)benzylidene]hydrazinyl}thiazole
(1a)

Light yellow crystals ; Yield 47%; m.p.(°C) 212-21R8f: 0,72 (hexane / ethyl acetate
7:3). IR (KBr, cm'): 3413.82(NH), 1634.54 (C=NjH NMR (400 MHz, DMSO-g),

8 ppm: 12.5(s, 1H, NH), 8.112 (s, 1H, HC=N), 7.867J = 9,6 Hz 4H, CH Ar),
7.778 (d,J = 10.8 Hz 2H, CH Ar), 7.410 ( n8H, CH Ar), 7.304 (tJ = 6.5 Hz 1H,
CH Ar); C NMR (100 MHz, DMSO-g), § ppm: 167.9 (S-C), 150.3 (C
thiazole),139.6 (C=N), 138.4 (C, Ar), 134.4 (C, A129.1(C, Ar), 128.7(C, Ar),
127.7 (C, Ar), 126.8 (C, Ar), 125.8 (C, Ar), 125@, Ar), 125.6 (Ck) e 104.2 (C
thiazole). Anal. Calcd for GH;,F3N3S: C, 58.78; H, 3.48; N, 12.1 ; S, 9.23. found:
C,54.25; H, 2.23; N, 10.15; S, 7.13. HRMS: 348,0[M6H] +

41.2.2  (E)-4-(4-nitrophenyl)-2-{2-[4-(trifluoromethyl)benzylidenelhydrazinyl}
thiazole (1b)

Light yellow crystals ; Yield 34%; m.p.(°C) 226-23Rf: 0,66 (hexane / ethyl acetate
7:3). IR (KBr, cm'): 3298.22(NH), 1594.12 (C=NjH NMR (400 MHz, DMSO-g),

d ppm: 8.273 (dJ = 11,6 Hz 2H, CH Ar), 8.109 (m, 3H, CH Ar), 7.862 J = 10.8
Hz 2H, CH Ar), 7.781 ( m3H, CH Ar), 4.264 (s, 1H, NH)}**C NMR (100 MHz,
DMSO-&), 8 ppm: 168.4 (S-C), 148.6 (C thiazole), 146.2 (C), Ar40.5 (C=N),
139.9 (C, Ar), 138.2 (C, Ar), 130.2 (C, Ar), 1292, Ar), 126.8 (C, Ar), 126.4 (C,



Ar), 125.8 (CF3), 124.2 (C, Ar), 123.9 (C, Ar), 109C thiazole). Anal. Calcd for
Ci7/H11FsN4O,S: C, 52.04; H, 2.83; N, 14.28; S, 8.17. found:538,51; H, 1.81; N,
12.76; S, 5.34. HRMS: 393,0565 [M+H] +

4123 (E)-4-(3-nitrophenyl)-2-{2-[4-(trifluoromethyl)benzylidenelhydrazinyl}
thiazole (1c)

Light yellow crystals ; Yield 63%; m.p.(°C) 229-23f: 0,61 (hexane / ethyl acetate
7:3). IR (KBr, cm'): 3049.09(NH), 1618.99 (C=N}4 NMR (400 MHz, DMSO-g),

d ppm: 8.658 (s, 1H, CH Ar),8.293 (m, 2H, CH Ar)087 (s, 1H, C=N), 7.783 (m,
6H, CH Ar), 4.295 ('s, 1H, NHY¥C NMR (100 MHz, DMSO-g), & ppm: 168.7 (S-
C), 167.3 (C-NQ), 148.7 (C=N), 140.2 (C4 thiazole), 138.7 (C, At36.5 (C, Ar),
132.0 (C, Ar), 130.7 (C, Ar), 127.3 C, Ar), 126.2(&), 122.6 (C, Ar), 120.4 (G,
116.5 (C, Ar), 117.2 (C,Ar), 107.4 (C thiazole).a\nCalcd for G/H1,F3N4O.S: C,
52.04; H, 2.83; N, 14.28; S, 8.17. found: C, 511861.51; N, 11.01; S, 8.86. HRMS:
393,0565 [M+H] +

4.1.2.4 (E)-4-(2,4-dichlor ophenyl)-2-{2-[4-(trifluoromethyl)benzylideng]
hydrazinyl}thiazole (1d)

White crystals; Yield 50%; m.p.(°C) 165-168; Ri80,(hexane / ethyl acetate 7:3). IR
(KBr, cm’): 1623.63 (C=N)*H NMR (400 MHz, DMSO-¢), & ppm: 12.462 (s, 1H,
NH), 8.128 (s,1H,HC=N), 7.9 (s,1H, CH Ar), 7.862 Jd= 10 Hz 2H, CH Ar), 7.776
(d,J =8 Hz 2H, CH Ar), 7.691 ( s, 1H, CH Ar), 7.505 (= 8,4 Hz 2H, CH Ar),
7.443 (s, 1H, CH thiazoléfC NMR (100 MHz, DMSO-g), 5 ppm: 167.2 (S-C),
145.8 (C thiazole),139.7 (C=N), 138.3 (C, Ar), B2C-ClI), 132.2 (C-CI), 131.9(C,
Ar), 131.6(C, Ar), 129.8 (C, Ar), 129.0 (C, Ar), 87 (C, Ar), 127.5 (C, Ar), 126.8
(C, Ar), 125.7 (Ck), 109.7 (C thiazole). Anal. Calcd for f110CloF3N3S: C, 49.06;
H, 2.42; N, 10.1; S, 7.7. found: C, 45.71; H, 2407.10; S, 6.30. HRMS: 415,9950
[M+H] +

4.1.2.5 (E)-4-(4-methoxyphenyl)-2-{2-[4-(trifluor omethyl)benzylideng]
hydrazinyl}thiazole (1€)

Yellow crystals; Yield 88%; m.p.(°C) 210-213; R{6@ (hexane / ethyl acetate 7:3).
IR (KBr, cmi®): 3421.75 (NH); 1611.53 (C=NYH NMR (400 MHz, DMSO-g), &
ppm: 12.500 (s, 1H, NH), 8.099 (s,1H,HC=N), 7.888J(= 8 Hz 2H, CH Ar),7.783



(d,J=7,2Hz 4H, CH Ar), 7.203 (s, 1H,CH thiazole)9®Bl (d,J = 8.4 Hz 2H, CH
Ar) e 3.782 (s, 3H, CH3)*C NMR (100 MHz, DMSO-g), 5 ppm: 167.2 (S-C),
145.8 (C thiazole),139.7 (C=N), 138.3 (C, Ar), B2C-ClI), 132.2 (C-CI), 131.9(C,
Ar), 131.6(C, Ar), 129.8 (C, Ar), 129.0 (C, Ar), 87 (C, Ar), 127.5 (C, Ar), 126.8
(C, Ar), 125.7 (CE), 109.7 (C thiazole). Anal. Calcd forgE:4F3N3OS: C, 57.29; H,
3.74; N, 11.13; S, 8.5. found: C, 54.93; H, 2.90;9N89; S, 6.77. HRMS: 378,0814
[M+H] +

4.1.2.6 (E)-4-(4-chlorophenyl)-2-{2-[4-(trifluoromethyl)benzylidenelhydrazinyl}
thiazole (1f)

Light Yellow crystals; Yield 90%; m.p.(°C) 240-24Rf: 0,74 (hexane / ethyl acetate
7:3). IR (KBr, cnmi): 3451.89 (NH); 1623.25 (C=N}4 NMR (400 MHz, DMSO-g),

d ppm: 12.441 (s, 1H, NH), 8.111 (s, 1H,HC=N), 7.@614H, CH Ar), 7.775 (dJ =
7,2Hz 2H, CH Ar), 7.598 (d,J,= 10.4 Hz 3H, CH Ar}?C NMR (100 MHz, DMSO-
d6), 6 ppm: 168.1 (S-C), 149.2 (C thiazole), 139.7 (C=N38.3 (C, Ar), 133.3 (C,
Ar), 132.0 (C-Cl), 129.5 (C, Ar), 128.6 (C, Ar), 13 (C, Ar), 126.8 (C, Ar), 125.7
(C,R), 124.7 (C, Ar) 105 (C thiazole). Anal. Calcd f©17H1:CIF3N3S: C, 53.48; H,
2.9; N, 11.01; S, 8.4. found: C, 52.34; H, 2.22;8\83; S, 7.84. HRMS: 382,0342
[M+H] +

4.1.2.7 (E)-4-(4-bromophenyl)-2-{2-[4-(trifluoromethyl)benzylidenelhydrazinyl}
thiazole (1g)

Yellow crystals; Yield 68%; m.p.(°C) 235-238; R{7Q (hexane / ethyl acetate 7:3).
IR (KBr, cm'): 3411.28 (NH), 1618.80(C=NYH NMR (400 MHz, DMSO-g), &
ppm: 12.501 (s, 1H, NH), 7,820 (m, 6H, CH Ar), 26@,J = 8,4 Hz 2H, CH Ar),
7.462 (s, 1H, CH thiazole}?C NMR (100 MHz, DMSO-g), 5 ppm: 168.1 (S-C),
149.3 (C thiazole), 139.6 (C=N), 138.3 (C, Ar), IB8C, Ar), 131.6 (C, Ar), 127.5
(C, Ar), 126.7 (C, Ar), 125.9 (C,Ar) 125.7 (EF3R06(C-Br) e 105.1 (C thiazole).
Anal. Calcd for G/H11BrFsNsS: C, 47.9; H, 2.60; N, 9.86; S, 7.52. found: C,143
H, 1.98; N, 7.49; S, 6.15. HRMS: 427,9948 [M+H] +

41.2.8 (E)-4-(3,4-dichlor ophenyl)-2-{2-[4-(trifluor omethyl)benzylidene]
hydrazinyl}thiazole (1h)



Beige crystals; Yield 47%; m.p.(°C) 236-238; Ri7® (hexane/ethyl acetate 7:3). IR
(KBr, cm™): 3411.24 (NH), 1610.73 (C=NjH NMR (400 MHz, DMSO-g), 5 ppm:
12.452 (s, 1H, NH), 8.1 (s, 1H, HC=N), 7.800 (m ,68EH Ar), 7.651 (m, 1H, CH
Ar), 7.587 (s, 1H, CH thiazole}’C NMR (100 MHz, DMSO-g),  ppm: 168.1 (S-
C), 147.9 (C thiazole),139.8 (C=N), 138.2 (C, Ar35.0 (C-ClI), 131.4 (C-CI), 130.9
(C, Ar), 129.8 (C, Ar), 127.7 (C, Ar), 127.160 (&), 126.7 (C, Ar), 125.6 (C, Ar),
124.5 (Ck), 122.8 (C, Ar) e 106.4 (C, thiazole). Anal. Cafod C;7H10CIoF3N3S: C,
49.06; H, 2.42; N, 10.1; S, 7.7. found: C, 41.27;1:00; N, 8.23; S, 5.62. HRMS:
414,9924 [M+H] +

4.1.29 (E)-5-methyl-4-phenyl-2-{2-[4-(trifluoromethyl)benzylidenelhydrazinyl}
thiazole (1i)

Yellow crystals; Yield 84%; m.p.(°C) 226-229; R{60 (hexane/ethyl acetate 7:3). IR
(KBr, cm™): 3366.11 (NH), 1616.63 (C=NjH NMR (400 MHz, DMSO-g), 5 ppm:
12.441 (s, 1H, NH), 8.142 (s, 1H, HC=N) 7.8770& 7,6 Hz 2H, CH Ar), 7.784 (d},
=7,6 Hz 2H, CH Ar), 7.607 (dl = 7,6 Hz 2H, CH Ar), 7.462 (8 =7,4 Hz 2H, CH
Ar), 7.378 (m, 1H, CH Ar), 2.408 (s, 1H, CH3fC NMR (100 MHz, DMSO-g), 5
ppm: 164.4 (S-C), 146.1 (C thiazole), 142.5 (C=M38.2 (C, Ar), 133.5 (C, Ar),
132.3 (C, Ar), 128.4 (C, Ar), 128.1 (C, Ar), 121<, Ar), 126.9 (C, Ar), 125.7 (C,
Ar), 124.7 (CF3), 117.4 (C thiazole), 12.1 (CH3naA Calcd for GgH14F3NsS: C,
59.82; H, 3.90; N, 15.77; S, 8.87. found: C, 57/872.83; N, 9.32; S, 6.63. HRMS:
362,0856 [M+H] +

4.1.2.10 (E)-4-(naphthalen-1-yl)-2-{2-[4-(trifluor omethyl)benzylidene]
hydrazinyl}thiazole (1j)

Yellow crystals ; Yield 76%; m.p.(°C) 217-220; RX71 (hexane/ethyl acetate 7:3).
IR (KBr, cm*3421.17 (NH), 1613.46 (C=N)}H NMR (400 MHz, DMSO-d6)3
ppm: 12.456 (s, 1H, NH), 8.402 (s, 1H, CH Ar), &15 ,1H, C=N), 8.026 (d} = 8,4
Hz 1H, CH Ar), 7.924 (m, 6H, CH Ar), 7.800(d,= 7,6 Hz 2H, CH Ar), 7.541 (d,
2H, CH An); **C NMR (100 MHz, DMSO-d6),5 ppm: 168.0 (S-C), 150.3 (C
thiazole), 139.6 (C=N), 138.3 (C, Ar), 133.1 (C)At32.5 (C, Ar), 131.9 (C, Ar),
128.7 (CF3), 128.1 (C, Ar), 127.8 (C, Ar), 126.7 K2), 126.4 (C, Ar), 126.1 (C, Ar),
125.7 (C, Ar), 125.5 (C, Ar), 124.1 (C, Ar), 1230, Ar), 105.0 (C thiazole). Anal.



Calcd for GiH14F3NsS: C, 63.47; H, 3.55; N, 10.57; S, 8.07. found6@.08 H, 2.85;
N, 9.60; S, 7.17. HRMS: 398,0866 [M+H] +

4.1.2.11 (E)-4-(p-tolyl)-2-{2-[4-(trifluor omethyl)benzylidene]hydrazinyl}thiazole
(1k)

Yellow crystals ; Yield 76%; m.p.(°C) 217-220; RX71 (hexane/ethyl acetate 7:3).
IR (KBr, cmi'): 3421.17 (NH), 1613.46 (C=NJH NMR (400 MHz, DMSO-d6)5
ppm: 12.418 (s, 1H, NH), 8.109 (s, 1H, C=N), 7.886J) = 7,6 Hz 2H, C Ar), 7.756
(m, 4H, C Ar), 7.291 (s, 1H, CH thiazole), 7.212 (&= 7,6 Hz 2H, CH Ar), 2.496 (s,
3H, CH3);*C NMR (100 MHz, DMSO-d6)$ ppm: 167.8 (S-C), 150.3 (C thiazole),
143.3 (C=N), 139.6 (C, Ar), 138.3 (C, Ar), 136.9, (&), 131.7 (C, Ar), 129.2 (C,
Ar), 128.9 (C, Ar), 127.1 (C,Ar), 126.7 (C, Ar), 3.5 (CF3), 103.3 (C thiazole), 20.8
(CH3). Anal. Calcd for gH14F3N3S: C, 59.82; H, 3.90; N, 11.63; S, 8.87. found: C,
56.56 H, 2.73; N, 9.82; S, 6.15. HRMS: 362,0864-H +

4.1.2.12 (E)-4-(4-fluorophenyl)-2-{2-[4-(trifluoromethyl)benzylidenelhydrazinyl}
thiazole (1)

Yellow crystals ; Yield 22%; m.p.(°C) 212-215; RX71 (hexane/ethyl acetate 7:3).
IR (KBr, cmi?): 3326.72 (NH), 1611.91 (C=NJH NMR (400 MHz, DMSO-d6)5
ppm: 12.391 (s, 1H, NH), 8.114 s, 1H, C=N), 8.035(d 7,2 Hz 2H, CH Ar), 7.871
(m, 5H, CH Ar), 7.753 (m, 4H, C Ar), 7.361 ( s, JEH thiazole), 7.251 (dJ) = 7,6
Hz 2H, CH Ar);*C NMR (100 MHz, DMSO-d6)$ ppm: 178.3 (S-C, 168.0 (C-F),
150.3 (C thiazole), 140.3 (C=N), 139.5 (C, Ar), IB&C, Ar), 127.8 (C, Ar), 127.6
(C, Ar), 127.5 (C, Ar), 126.5 (C, Ar), 126.7 (C,)An25.6 (CF3), 115.5 (C, Ar) e
108.9 (C thiazole). Anal. Calcd forifH1:F4N3S: C, 55.89; H, 3.03; N, 11.5; S, 8.78.
found: C, 49.67, H, 2.82; N, 10.68; S, 5.66. HRN66.0610 [M+H] +

41213 (E)-4-(4-methoxyphenyl)-3-methyl-2-{(E)-[4-(trifluor omethyl)
benzylidene]lhydrazono}-2,3-dihydrothiazole (2a)

Yellow crystals ; Yield 72%; m.p.(°C) 166-168; RX71 (hexane/ethyl acetate 7:3).
IR (KBr, cm™): 1590.69 (C=N)H NMR (400 MHz, DMSO-d6)5 ppm: 8.559 (s,
1H, HC=N), 7.968 (dJ = 10 Hz 2H, 2H, CH Ar), 7.834 (d,= 10,8 Hz 2H, 2H, CH
Ar), 7.481 (d,J =10 Hz 2H, 2H, CH Ar),7.090 (d,= 10 Hz 2H, 2H, CH Ar), 6.865
(s, 1H, CH thiazole), 3.824 (s, 3H, O-CH3), 3.4313H, CH3);*C NMR (100 MHz,



DMSO0-d6), 5 ppm: 169.5 (C=N), 160.3 (C, Ar), 150.4 (C-S), I48C thiazole),

141.7 (C=N), 137.8 (C, Ar), 130.8 (C, Ar), 127.7,(8r), 125.9 (C, Ar), 1245
(CR)121.2 (C, Ar), 114.4 (C, Ar), 103.8 (C, thiazolgh.4 (O-CH3) e 34.9 (CH3). .
Calcd for GgH16F3N30S: 58.30; H, 4.12; N, 10.74; S, 8.19. found: C9%6 H, 2.70;

N, 8.60; S, 6.30. HRMS: 392,1009 [M+H] +

4.1.2.14 (E)-3-methyl-4-(4-nitrophenyl)-2-{[(E)-4-(trifluor omethyl)benzylidene]
hydrazono}-2,3-dihydrothiazole (2b)

White crystals ; Yield 83%; m.p.(°C) 235-237; Rf66 (hexane/ethyl acetate 7:3). IR
(KBr, cm?): 1608.64 (C=N)H NMR (400 MHz, DMSO-d6)$ ppm: 8.513 (s, 1H,
HC=N), 8.352 (dJ = 11,2 Hz 2H, CH Ar), 7.953 (d,= 10,4 Hz 2H, CH Ar), 7.836
(t, J= 13,2 Hz 3H, CH Ar), 7.023 (s, 1H, CH thiazole)365 (s, 1H, CH thiazole),
3.462 (s, 3H, CH3)**C NMR (100 MHz, DMSO-d6)§ ppm: 170.7 (C=N), 149.6
(HC=N), 148.2 (C-NQ), 139.9 (C, thiazole), 138.7 (C, Ar), 136.2 (C)At30.7 (C,
Ar), 128.1 (C, Ar), 127.2 (C, Ar), 126.3 (C, Ar)23.4 (C, Ar), 124.4 (C§, 123.3 (C,
Ar), 106.3 (C, thiazole), 35.2 (CH3). Anal. Calanr 1C;gH;13F3N4O,S: C, 53.20; H,
3.22; N, 13.79; S, 7.89. found: C, 54.04, H, 2I8111.19; S,6.12. HRMS: 407,0711
[M+H] +

41215 (E)-4-(2,4-dichlor ophenyl)-3-methyl-2-{(E)-[4-(trifluor omethyl)
benzylidenelhydrazono}-2,3-dihydr othiazole (2c)

Yellow crystals ; Yield 70%; m.p.(°C) 201-204; RX65 (hexane/ethyl acetate 7:3).
IR (KBr, cm?): 1540.96 (C=N)H NMR (400 MHz, DMSO-d6)5 ppm: 8.400 (s,
1H, HC=N), 7.786 (dJ = 10 Hz 2H, CH Ar), 7.687 (dl = 8 Hz 2H, CH Ar), 7.480
(s, 1H, CH Ar), 7.290 (m, 2H, CH Ar), 6.777 (s, 18H thiazole), 3.335(s, 3H,
CH3); **C NMR (100 MHz, DMSO-d6)§ ppm: 167.2 (S-C), 149.4 (C=N), 144.98
(C, Ar), ), 139.0 (C thiazole), 138.7 (C, Arl32@Q,Ar), 132.4 (C,Ar), 129.7 (C, Ar),
129.5 (C, Ar), 128.9 (C, Ar), 126.8 (C, Ar), 1253, Ar), 125.2 (C, Ar), 124.1 (CF3),
108.7 (C thiazole), 30.85 (GH Anal. Calcd for GgH1.CloF3N3sS: C, 50.25; H, 2.81;
N, 9.77; S, 7.45. found: C, 47.68, H, 2.43; N)9B.S, 4.12. HRMS: 430.9950
[M+H] +



4.1.2.16 (E)-4-(2,4-dichlor ophenyl)-3-phenyl-2-{(E)-[4-(trifluor omethyl)
benzylidene]lhydrazono}-2,3-dihydrothiazole (3a)

White crystals ; Yield 84%; m.p.(°C) 2055-208; Rf79 (hexane/ethyl acetate 7:3).
IR (KBr, cmi'): 1540.96 (C=N)H NMR (400 MHz, DMSO-d6)5 ppm: 8.217 (s,
1H, HC=N), 8.140 (dJ = 8 Hz 2H, CH Ar), 7.776 (dl = 8 Hz 2H, CH Ar), 7.552 (d,
J=7.2Hz 3H, CH Ar), 7.384 (m, 4H, CH Ar), 7.227J= 4.8 Hz 1H, CH Ar), 6.630
(s, 1H, CH thiazole)*C NMR (100 MHz, DMSO-d6)§ ppm: 158.3 (S-C), 149.4
(C=N), 147.3 (C, thiazole) 141.2 (C, Ar), 139.0 &), 133.3 (C, Ar), 133,4 (C, Ar),
132.5 (C-ClI), 129.7 (C, Ar), 129. 6 (C, Ar), 1296, Ar), 129.4 (C, Ar), 129.3 (C,
Ar), 129.2 (C, Ar), 128.9 (C, Ar), 126.8 (C, Ar)28.2 (C-CI), 125.1 (C, Ar), 124.1
(CF3), 122.8 (C, Ar), 122.6 (C, Ar), 122.4 (C, ALP6.3 (C, thiazole). Anal. Calcd
for C3H14ClIF3N3S: C, 56.11; H, 2.87; N, 8.53; S, 6.51. found: 856, H, 3.79; N,
12.89; S, 5.97. HRMS: 492.0237 [M+H] +

41217 (E)-4-(4-methoxyphenyl)-3-phenyl-2-{(E)-[4-(trifluor omethyl)
benzylidenelhydrazono}-2,3-dihydrothiazole (3b)

White crystals ; Yield 75%; m.p.(°C) 197-200; Rf7D (hexane/ethyl acetate 7:3). IR
(KBr, cm?): 1589.86 (C=N)H NMR (400 MHz, DMSO-d6)§ ppm: 8.274 (s, 1H,
HC=N), 7.882 (d,) = 8.4 Hz 2H, CH Ar), 7.773 (d,= 8.4 Hz 2H, CH Ar), 7.362 (m,
5H, CH Ar), 7.198 (dJ = 8.8 Hz 2H, CH Ar), 7.099 (d,= 8.8 Hz 2H, CH Ar), 6.818
(m, 1H, CH Ar), 6.719 (s, 1H, CH thiazole), 3.6% 8H, CH3);**C NMR (100
MHz, DMSO-d6),56 ppm: 171.1 (C-O), 159.3 (S-C), 149.6 (C=N), 14{C3 Ar)
140.0 (C, Ar), 138.6 (C, Ar), 137.3 (C, Ar), 134@, Ar), 129.9 (C, Ar), 129.1 (C,
Ar), 128.8 (C, Ar), 128.7 (C, Ar), 128.5 (C, Ar21.5 (C, Ar), 125.6 (C, Ar), 125.5
(C, An, 122.3 (C, Ar), 113.6 (C, Ar), 55.1 (C thae). Anal. Calcd for
Co4H1sF3N30S: C, 63.57; H, 4; N, 9.27; S, 7.07. found: C782.H, 3.07; N, 7.53; S,
7.07. HRMS: 453.1122 [M+H] +

4.1.2.18 (E)-4-(4-chlorophenyl)-3-phenyl-2-{(E)-[4-(trifluor omethyl)benzylidene]
hydrazono}-2,3-dihydrothiazole (3c)

White crystals ; Yield 68%; m.p.(°C) 198-200; Rf7® (hexane/ethyl acetate 7:3). IR
(KBr, cmY): 1583.57 (C=N)}H NMR (400 MHz, DMSO-d6)5 ppm: 8.249 (s, 1H,
HC=N), 7.877 (dJ = 7.6 Hz 2H, CH Ar), 7.765 (d,= 7.6 Hz 2H, CH Ar), 7.353 (m,
7H, CH Ar), 7.197 (dJ = 8.0 Hz 2H, CH Ar), 6.771 (s, 1H, CH thiazol&)C NMR



(100 MHz, DMSO-d6)§ ppm: 168.1 (S-C), 150.4 (C=N-S), 148.8 (C=N), 205C,
Ar) 137.2 (C thiazole), 133.7 (C,Ar), 133.4 (C,AtB2.8 (C,Ar), 129.7 (C, Ar), 129.5
(C, Ar), 128.5 (C, Ar), 127.3 (C, Ar), 126.3 (C,)An25.1 (C, Ar), 125.3 (C, Ar),
124.5 (CR), 108.9 (C thiazole). Anal. Calcd for£;5sCIFsNsS: C, 60.33; H, 3.30; N,
9.18; S, 7. found: C, 58.80, H, 2.46; N, 8,995%7. HRMS: 458.9000 [M+H] +

4.1.2.19 (E)-4-(4-fluorophenyl)-3-phenyl-2-{(E)-[4-(trifluor omethyl)benzylidene]
hydrazono}-2,3-dihydr othiazole (3d)

Light Yellow crystals ; Yield 70%; m.p.(°C) 205-20Rf: 0,69 (hexane/ethyl acetate
7:3). IR (KBr, cm'): 1585.87 (C=N)H NMR (400 MHz, DMSO-d6)$ ppm: 8.280
(s, 1H, HC=N), 7.880 (d] = 8.1 Hz 2H, CH Ar), 7.764 (d = 8.7 Hz 2H, CH Ar),
7.358 (m, 4H, CH Ar), 7.225 (m, 4H, CH Ar), 7.088,(1H,CH Ar), 6.787 (s, 1H,
CH thiazole);**C NMR (100 MHz, DMSO-d6)§ ppm: 170.2 (C-F), 168.3 (S-C),
148.3 (C=N), 145.1 (C, Ar) 136.9 (C thiazole), B3C,Ar), 133.3 (C,Ar), 132.6
(C,Ar), 129.5 (C, Ar), 129.4 (C, Ar), 128.3 (C, Al26.1 (C, Ar), 124.9 (C, Ar),
125.1 (C, Ar), 124.3 (CF3), 108.7 (C thiazole). An@alcd for GsHisF4N3S: C,
62.58; H, 3.43; N, 17.21; S,7.26. found: C, 60.68,2.79; N, 13.95; S, 6.12. HRMS:
441.4435 [M+H] +

4.2 Biological Activity

4.2.1 Ethical aspectsfor thealamar blue assay and hemolytic activity assay

The project was submitted to the Human ResearcltEE@ommittee of the Federal
University of Pernambuco, which is in accordancéhwresolution 466/12 of the
National Health Council and approved with CAAE apin62919816.2.0000.5208.

4.2.2 Cell culture

NCI-H292 (human lung carcinoma), HEp-2 (human largarcinoma) and HT-29
(human colon adenocarcinoma) were cultured in DMBMdium, while K-562
(human myeloblastic leukaemia) and HL-60 (humammyelocytic leukemia) were
cultured in RPMI 1640 medium, supplemented with 1f@%al bovine serum, 2 mM
glutamine, 100 U/mL penicillin and 100 pg/mL st@ptycin, at 37 °C with 5% CO

The cell lines used in this work were obtained fr@all Bank of Rio de Janeiro



(BCRJ), Brazil. Culture medium was changed 2-3 dayd subcultured when cell

population density reached to 70-80% confluence.

4.2.3 Cytotoxicity assessment by MTT assay

The cytotoxicity of all compounds was tested udimg 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) (Sigma daich Co., St. Louis,
MO/USA) against NCI-H292, HEp-2, HT-29, K562 e HD-Bnes cells [50]. Briefly,
cells we added in 96-well plates (3 xX’Ills/mL for K562 and HL-60; and 1 x 210
cells/mL for NCI-H292, HT-29, and HEp-2) with apprated medium and incubated
for 24 h (37° C and 5% C{ Compounds were then added in different
concentrations (0.098 to 25.0 pg/mL) and incub&ed2 h. Doxorubicin was used
as a reference drug. Three hours before the etteeahcubation time, 25 uL MTT (6
mg/mL in PBS) was added to each well. Culture madivas removed and 100 pL of
DMSO were added. The amount of formazan was deteanby measuring the
absorbance at 560 nm. Concentration leading to iB0%ition of viability (Clsg) was
calculated by regression analysis using GraphPeinPEach sample was tested in

triplicate in two independent experiments.

4.2.4 Alamar blue assay

To investigate the selectivity of synthetized connpds for tumor cells compared to
normal proliferating cells, the Alamar blue assagswperformed using PBMC
(peripheral blood mononuclear cells) from healthynats, after 72 h of drug
exposure. All studies were performed in accordamitle Research Guidelines (Law
196/96, National Council of Health). Hepariniseddd (from healthy, non-smoker
donors who had not taken any drug for at least s dprior to sampling) was
collected, and the PBMC were isolated by a standaethod of density-gradient
centrifugation using Ficoll-Hypaque. PBMC were mdted in RPMI-1640 medium
supplemented with 20% foetal bovine serum, 2 mMaghune, 100 U/mL penicillin,
and 100 mg/mL streptomycin at 37 °C with 5% L£CBhytohaemagglutinin (2%) was
added at the beginning of the culture period. Brighe PBMC were plated in 96-
well plates (160 cells/mL). After 24 h, the compounds (0.048-25 md)), dissolved
in DMSO, were added to each well and incubated #on. Doxorubicin was used as a
positive control. At 24 h before the end of theubation, 10 pL of a stock solution
(0.312 mg/mL) of Alamar blue (resazurin, Sigma-AdtirCo., St. Louis, MO, USA)



was added to each well. The absorbance was meagssiregl a plate reader, and the
effect of the drug was quantified as the percentdgiae control absorbance at 570
and 595 nm [51].

4.2.5 Haemolysis assay

The test was performed in 96-well plates using ah2#han erythrocyte suspension in
0.85% NaCl containing 10 mM Callollowing the method described by Costa-
Lotufo et al. [52] with modification. The diluted compounds wetested at
concentrations ranging from 0.78 to 250 pg/mL.orriX-100 (1%) was used as a
positive control. After incubation at room temperat for 1 h followed by
centrifugation, the supernatant was removed, amd litterated haemoglobin was
measured spectrophotometrically at 540 nm.

4.2.6 Flow cytometry analysis

Cells of the K562 strain (3 x 1@ells/ml) were resuspended in RPMI-1640 medium
and treated witdd compound for 48 h at 37°C with 5% @O 'he cell viability assay
was performed using the count detection kit (Guaeanologies) and the cell cycle
assay and DNA fragmentation using the guava cetlecyletection kit (Guava
technologies) according to the manufacturer's uesbns. The mitochondrial
depolarization assay was performed using rhodariine.experiment was performed
on a Guava EasyCyteHT (Merck-Millipore) flow cytotee acquiring 5,000 events.
The data were analyzed in Guava-8bfsoftware version 2.7. Two independent

experiments were performed in triplicate.
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List of Captions

Figure 1. Inspiration process of structural planning. Anticar agents I- flutamide, Il-
hydroxyflutamide, 1lI- nilutamide, 1V- 5-trifluorothyl uracil [31], TP-07 [25], 4a, 7a and 10e [24].

Figure 2. Structural planning of the proposed series of caumngls.

Scheme 1. Global synthesis of compoundis3d. Reagents and conditions: (A) corresponding
thiosemicarbazide, ethanol, HCI, reflux, 2-3 h; B)responding--haloketone, 2-propanol, rt, 1 h.

Table 1: Inhibition percentage + SD of the derivativestifzoles and thiosemicarbazoneitro by
MTT assay, within 72 hours against tumor cellshia &ssay single dose of 25 pg/mL.
*NT - Not tested.s.

Table 2: ICsq values (UM) + SD of compounds against differerdias of human cancer.

Table 3. The cytotoxic potential of derivativdsand1d against K562 strain after 24, 48 and 72 hours
of treatment.

Table 4. Hemolytic activity and cytotoxicity in peripherablood mononuclear cells of the
thiosemicarbazones and thiazoles derivatives.

*EC50: Effective concentration in which the testbsiance has cause haemolysis in 50% of
erythrocytes. Results expressegug/ mL and (M).

**NT - Not tested.

Figure 3. Effects of compoundld and doxorubicin on the K562 cell line, determineg flow
cytometry on mitochondrial depolarization, after B&f incubation. The negative control (A) was
treated with the vehicle (DMSO) at 0.1%. Doxorubi¢B) 0.5uM and1d (17 and 34M), C and D,
respectively. Two independent experiments, eachcammation in triplicate. *** p < 0.0001 in
comparison to negative control (C).

Figure 4. Effects of compoundd and doxorubicin on the K562 cell line, determitgdlow
cytometry using cell cycle, after 48 h of incubatid he negative control (A) was treated with the
vehicle (DMSO) at 0.1%. Doxorubicin (B) Ou& and1d (17 and 341M), C and D, respectively. Two
independent experiments, each concentration ilicaie. *** p < 0.0001 in comparison to negative
control (C).

Figure 5. Effects of compoundld and doxorubicin on the K562 cell line, determineg flow
cytometry on DNA fragmentation, after 48 h of inatibn. The negative control (A) was treated with
the vehicle (DMSO) at 0.1%. Doxorubicin (B) M and1d (17 and 34uM) C and D, respectively.
Two independent experiments, each concentratiotripficate. *** p < 0.0001 in comparison to
negative control (C).

Table 5. Physicochemical properties of compounds. *PSAlaPsurface area.
Table 6: ADME properties of most active compounds.

*BBB - blood-brain barrier.
**Gl - Gastrointestinal absorption.



Code  R1 R2 R3  NCI-H292 HEp2  HT-29 HL-60 K562
x N_ N
/©/\N’ R
S
F,C
1 H ; . 8955+393 0175+105 8543+147 653,38 87,25+ 1,46
2 Me i . 9330+104 8813+6,19 88,65+0,64 684320 82,59 +0,38
3 Ph : . 58384329 6360+0,83 74,67+320 68506 71,16+ 3,10
RI
X LN
o
s
F,C
R3
1a H Ph H  49.79+474 3472+334 NT 4061+133 NT
1b H Ph-4NQ H 9631+280 89,99+467 5931+305 80,2554 87,20 +1,53
1c H Ph-3:NQ H 75104449 8430+946 79,43+239 77,4075 7546 + 0,86
1d H  Ph24-diCl H 9653+054 9665+043 794733 01,09+522 88,89+ 0,54
le H Ph-4-MeO  H 68524542 7817+584 7622740 89,14+149 61,50 + 6,83
1f H Ph-4-Cl H 67704630 33,00+449 40,1425, 61,40+571 50,50 +2,08
1g H Ph-4-Br H  6420+420 17,10+173 67,36676, 46,70 +2,94 24,96 +1,90
1h H  Ph34-diCl H 9820+726 8350+588 840280 9640+536 47,80+ 2,68
1 H Ph Me 60,90 +4,33 29,52+232 46,20+5,02093+1,39 2504306
1 H 2-Naph H 3569+104 2847+269 458040263911+1,66 4489+519
1K H Ph-4-Me H 6230+605 5993+222 4266353, 4520+415 20,89 +0.26
1 H Ph-4-F H 7880+363 6260£6,75 70,1042245810+0,87 61,56+ 2,37
2a Me  Ph4-MeO H 6830+069 5370+6,74 628608 67,85+336 5042208
2b Me  Ph4-NQ H 4407+446 8481+286 75104190 83,17960 59,79 + 4,32
2¢ Me  Ph-24-Cl H 3570+329 3348+515 52,6534 4347+258 69,70+ 0,69
3a Ph Ph-2,4-CI  H 3850+1,04 ANT ANT 14,40£1,20 *NT
3b Ph  Ph-4-MeO H 66,30£830 81,80£242 588519 3670+1,21 5920+ 3,63
3c Ph Ph-4-Cl H 87.80+11,59 5870+1,04 822381 2841+061 59,04+ 2,52
3d Ph Ph-4-F H  41,80+1,90 2197+074 7464089, 2621+1,34 59,10 +4,73

Table 1: Inhibition percentage + SD of the derivativestifzoles and thiosemicarbazonesitro by
MTT assay, within 72 hours against tumor cellshiea &ssay single dose of 25 pg/mL.
*NT - Not tested.



Code R1 R2 R3 NCI-H292 HEp-2 HT-29 HL-60 K562

x NN
/©/\N’ R
S
F,C
1 H : T 1076138  627+110 902:131  1X%7/M47 642108
2 Me : . 2083+460 1258+174 506 +065 20%323 13,25+ 225
RI
X .N N
e
)
F,C
R3
1b H Ph-a.NG H  741:137  27.33%337 >63.56 1151+ 111 B8G& 3.23
1c H Ph-3-NQ H  2277+277 3424+293 2389+322 292820 10,17 +1,50
1d H  Ph24-diCl H  1041+055 7.65%083 114270 17,80 +2.80 548 +0,85
le H  Ph-4-MeO H 66,17 1131+2,25 2274+831 ,673 0,60 566,17
1h H  Ph34-diCl H 657 +1,38 1038+215 12,2171 423+081 60,06
2b CH,  Ph4-NO, H >61.37 2639+342 47.77+471 11,83+216 61,87

Doxorrubicin - - 0,19 +0,04 1.21+0,15 0,6919 0,19+0,02 1,38+0,15

Table 2: ICsq values (UM) + SD of compounds against differerdgias of human cancer.



|C50 (HM) +SD

Code Structure
24 h 48 h 72 h
NS ]];II NH
-, 2
1 /O/\N \ﬂ/ >101.12 33.98+522 6.42+1,08
S
F;C
NS
Nf
O
F;C Cl
1d >60.06 17.78+3,25 5.48+0,85

Cl

Table 3. The cytotoxic potential of derivativdsand1d against K562 strain after 24, 48 and 72 hours

of treatment.



Hemolytic activity PBMC

Code R1 R2 R3 * (ECs0) (ICs)
s NN
/©/\N’ Y m
S
1 H - - > 250 pg/mL 80.17 uM
2 Me - - > 250 pg/mL 93.31 uM
;11
X _N N
e
L/
R3
1b H Ph-4'-NQ H > 250 pg/mL 53.16 uM
1c H Ph-3'-NQ H > 250 pg/mL 150.52 uM
1d H Ph-2’,4’-diCl H > 250 pg/mL 43.03 uM
le H Ph-4'-MeO H > 250 pg/mL 130.40 uM
1h H Ph-3,4-diCl H > 250 pg/mL 65.56 uM
2b Ch Ph-4'-NG, H > 250 pg/mL 139.62 uM
Doxorrubicin - - - **NT 0.38 uM

Table 4. Hemolytic activity and cytotoxicity in peripherablood mononuclear cells of the
thiosemicarbazones and thiazoles derivatives.

*EC50: Effective concentration in which the testbsiance has cause haemolysis in 50% of
erythrocytes. Results expresseguig/ mL and (M).

**NT - Not tested.



*BBB **Gl Bioavailability

Code R1 R2 R3 .
permeant absorption Score
~ NN
N’ \"’ “RI1

S
F;C
1 H - - No High 0.55
2 Me - - No High 0.55
}21
X, -N N
N"SF y—r2
"/
F;C
R3

1b H Ph-4-NGQ H No Low 0.55

1c H Ph-3-NGQ H No Low 0.55

1d H Ph-2,4-diCl H No Low 0.55

le H Ph-4-MeO H No High 0.55

1h H Ph-3,4-diCl H No Low 0.55

2b Me  Ph-4-NQ H No Low 0.55

Doxorrubicin - - - No Low 0.17

Table 5: ADME properties of most active compounds.
*BBB - blood—brain barrier.
**Gl - Gastrointestinal absorption.



TRIFLUOROMETHYL THIAZOLE
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Figure 1. Inspiration process of structural planning. Anticancer agents |- flutamide, II-
hydroxyflutamide, 111- nilutamide, 1V- 5-trifluoromethyl uracil [31], TP-07 [25], 4a, 7aand 10e [24].



cH,

2a-¢

Figure 2. Structural planning of the proposed series of compounds.
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Scheme 1. Global synthesis of compounds 1-3d. Reagents and conditions: (A) corresponding
thiosemicarbazide, ethanol, HCI, reflux, 2-3 h; (B) corresponding a-hal oketone, 2-propanal, rt, 1 h.
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Figure 3. Effects of compound 1d and doxorubicin on the K562 cell line, determined by flow
cytometry on mitochondrial depolarization, after 48 h of incubation. The negative control (A) was
treated with the vehicle (DM SO) at 0.1%. Doxorubicin (B) 0.5 uM and 1d (17 and 34 uM), C and D,
respectively. Two independent experiments, each concentration in triplicate. *** p < 0.0001 in
comparison to negative control (C).
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Figure 4. Effects of compound 1d and doxorubicin on the K562 cell line, determined by flow
cytometry using cell cycle, after 48 h of incubation. The negative control (A) was treated with the
vehicle (DM SO) at 0.1%. Doxorubicin (B) 0.2 uM and 1d (17 and 34 uM), C and D, respectively. Two
independent experiments, each concentration in triplicate. *** p < 0.0001 in comparison to negative
control (C).
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Figure 5. Effects of compound 1d and doxorubicin on the K562 cell line, determined by flow
cytometry on DNA fragmentation, after 48 h of incubation. The negative control (A) was treated with
the vehicle (DM SO) at 0.1%. Doxorubicin (B) 0.5 uM and 1d (17 and 34 pM) C and D, respectively.
Two independent experiments, each concentration in triplicate. *** p < 0.0001 in comparison to
negative control (C).



HIGHLIGHTS

The cytotoxic activity of 3 thiosemicarbazones and 19 new thiazoles was eval uated;
Eight compounds were shown to be promising in at least three tumor cell lines;
Compound 1d induced mitochondrial depolarization;

Compound 1d induced DNA fragmentation and arrest cell cycle in G1 phasg;

Compound 1d presented as a promising antitumor candidate.



