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RESUMO

H& uma variedade de heterociclos utilizados atualmente na terapéutica e a investigacdo desses
nlcleos tém se tornado crescente e promissora. O presente trabalho descreve a investigacao de
compostos bioativos utilizando-se de dois grupamentos farmacoféricos, sdo eles: as 4-
tiazolidinonas (série LR 01-18) e os 1,3-tiaz0is (série DLT 01-22). Inicialmente, planejou-se
vinte e duas moléculas do tipo 1,3-tiazéis, os quais foram sintetizadas e devidamente
caracterizadas. Uma série de 18 tiazolidinonas também foi utilizada nesse trabalho. As
substituicOes realizadas nas tiazolidinonas foram nas posi¢ces N3 e C5 do anel heterociclo,
enquanto que para a série dos tiazois, explorou-se as substituicfes ao longo do grupo aril. As
duas séries foram entdo avaliadas frente a atividade antineoplésica e a série dos tiazois foi
também avaliada frente a atividade anti-T. cruzi. Quanto a atividade anti-T.cruzi dos tiazois,
duas cepas foram utilizadas: cepa Y de tripomastigotas sanguineas e as formas intracelulares
da cepa Tulahuen, e a toxicidade avaliada em fibroblastos L929. As moléculas que
apresentaram os melhores resultados frente a forma tripomastigota foram DLT-02, DLT-03,
DLT-04, DLT-11 e DLT-13, ja frente a cepa Tulahuen, o composto DLT-10 destacou-se na
triagem e, posteriormente, teve o seu CCs calculado com o valor de 8,13 uM. Com relagdo a
atividade neoplasica da serie LR, realizou-se uma triagem, concentracdo unica de 10uM, em
sete linhagens neoplasicas: K562, MOLT-4, HL-60, MCF-7, SKMEL-28, PANC-1 e T47d. O
controle positivo utilizado foi a Doxorrubicina. Os compostos foram mais ativos nas linhagens
de células hematopoiéticas quando comparados as linhagens de tumores solidos, e, o destaque
foi para o composto LR-14. O valor encontrado da Clso de LR-14 frente a linhagem MOLT-4
foi de 7,97uM + 1,04 e em K562 Clso foi de 20,96 um = 5,84. Nenhum dos compostos
apresentou citoxicidade na dose de 100 uM em células mononucleares do sangue periférico
(PBMCs). Em leucemia mieldide cronica (K562), o composto LR-14 induziu parada na fase
celular S/G2/M nas duas concentragdes testadas (20 uM e 30 uM). Os tiazdis foram avaliados
em oito linhagens neoplasicas: MOLT-4, HL-60, HL-60mx1, MM1S, SKMEL-28, DU145,
MCF-7 e T47d. O composto DLT-02 apresentou valor de viabilidade celular inferior a 59%
frente a MOLT-4, DU145 e HL-60mx1. Para linhagem MOLT-4, a sua Clsg foi calculado em
8,03 £ 3,49 uM, ja frente a DU145, revelou-se a Clso no valor de 6.04 + 1.15 uM. Percebeu-se
a capacidade do DLT-02 em diminuir, cerca de 10%, a formacdo de novas colénias em células
DU145, bem como a inducdo de morte de células, devido a presenca de nicleos picnoticos.
Alem disso, apos 72h de tratamento e utilizando a Clso e 0 dobro dessa concentracéo, verificou-

se 20% a 30% de células mortas, sendo a maior parte por necrose/apoptose tardia. Com relagdo



ao ciclo celular, o composto parece ndo influenciar significativamente tanto na concentragéo da
Clso, bem como no dobro desta. Portanto, dentro da série de tializidinonas, destaca-se o
composto LR-14 frente a células K562, enquanto que para os tiazdis, o destaque vai para 0
composto DLT-02 frente a células DU145 e MOLT-4.

Palavras-chave: T. cruzi. Cancer. Heterociclos. Compostos bioativos.



ABSTRACT

There are a variety of heterocyclic actually used in therapeutics and the research of these
nucleus has become increasing and promising. The present study shows the investigation of
bioactive compounds using two pharmacophoric groups: 4-thiazolidinones (LR 01-18) and 1,3-
thiazoles (DLT 01-22). Initially, twenty-two 1,3-thiazoles were planned, synthesized and
characterized. A series of 18 thiazolidinones were also used in this study. Substitutions at N3
and C5 positions were explored on the thiazolidinones rings, whereas for the thiazole series,
the substitutions were explored along the aryl group. Two series were then evaluated against
antineoplastic activity and the series of thiazoles was also evaluated against anti-T cruzi activity.
Regard the anti-T. cruzi activity on thiazoles series, two strains were used: Y strain of blood
trypomastigotes and the intracellular forms of the Tulahuen strain, and the toxicity evaluated in
L929 fibroblasts. Compounds DLT-02, DLT-03, DLT-04, DLT-11 and DLT-13 showed the
best results against the trypomastigote form. The compound DLT-10 was highlighted in the
screening on the Tulahuen strain and subsequently had its CCso calculated with value of 8.13
uM. Regard antineoplastic activity, at single 10 uM concentration, seven tumor cell lines were
screened: K562, MOLT-4, HL-60, MCF-7, SKMEL-28, PANC-1 and T47d. The positive
control used to perform tests was Doxorubicin. Compounds were more active in the
hematopoietic cell lines when compared to solid tumor lines, and the highlight was for the LR-
14 compound. ICso value LR-14 against MOLT-4 cells was 7.97 uM £ 1.04, on K562 cells,
ICso was 20.96 uM = 5.84. None of the compounds showed cytotoxicity at the dose of 100 uM
in peripheral blood mononuclear cells (PBMCs). In chronic myelogenous leukemia (K562),
LR-14 compound induced arrest in the S/G2/M phase at the two concentrations tested (20 uM
and 30 uM). Thiazoles were also evaluated on eight cell lines: MOLT-4, HL-60, HL-60mx1,
MML1S, SKMEL-28, DU145, MCF-7 and T47d. Compound DLT-02 showed a cellular viability
of less than 59% on MOLT-4, DU145 and HL-60mx1 cells. On MOLT-4 cells, its ICso was
calculated 8.03 + 3.49 uM and against DU145 cells revealed the 1Cso of 6.04 + 1.15 uM. Their
ability to reduce the formation of new colonies, as well as the induction of cell death, due to the
presence of pycnotic nucleus was observed. In addition, after 72 h of treatment at 1Cso and fold
of 1Cs0, 20% to 30% of dead cells were found, most of which were due to necrosis/late
apoptosis. Regard to the cell cycle, the compound does not appear to significantly influence
both the at 1Cso concentration as well at fold of 1Cso. Therefore, within the thializidinone series,
the compound LR-14 is highlighted on K562 cells, whereas for the thiazois, the highlight is for
DLT-02 on DU145 and MOLT-4 cells.
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1 INTRODUCAO

Estruturas privilegiadas correspondem aos ndcleos quimicos capazes de se ligar a
diferentes tipos de receptores, apresentando propriedades versateis de ligacdo e gerando
potentes ligantes. Tais estruturas podem ser ferramentas poderosas para impactar a biologia e
medicina, sendo Uteis na descoberta de farmacos e na terapéutica regulando macromoléculas
relacionadas aos processos bioldgicos (JONES, 2017; WELSCH; SNYDER; STOCKWELL,
2010).

Os heterociclos de cinco membros, como por exemplo: tiofenos, oxazdis, benzoxazdis,
tiazOis e tiazolidinonas, sdo considerados estruturas privilegiadas. Nos Gltimos anos, muita
atencdo tem sido dada ao desenvolvimento e aperfeicoamento de métodos sintéticos para 0s
sistemas heterociclicos (HERAVI; TALAEI, 2015).

O nucleo tiazol (Figura 1) € um heterociclo importante em muitos compostos
biologicamente ativos, por essa razdo, € também um dos nucleos mais estudados e tem exercido
importante papel na identificacdo e desenvolvimento de novos agentes terapéuticos (SIDDIQUI
et al., 2009).

Figura 1. Estrutura do anel tiazol

Fonte: Elaborado pela autora.

Estudos apresentaram as aplicacbes do anel tiazol e seu importante papel na
identificacdo de moléculas bioativas e também em sua otimizacao, estando presente na estrutura
de diversos medicamentos ja utilizados na terapéutica: Tiazofurina e Dasatinib (agentes
antineoplasicos) (DAS et al., 2006), Ritonavir (Farmaco anti-HIV), Ravuconazole (agente
antifangico), Nitazoxanida (agente antiparasitario), Fanetizol, Meloxicam e Fentiazac (agentes

anti-inflamatorios) (AYATI et al., 2015), como pode ser visto na Figura 2.
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Figura 2. Exemplo de farmacos que contém o tiazol em sua estrutura
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Fonte: AYATI, et al., 2015. Adaptado pela autora.

Dentro de um contexto multialvo, como visto em AYATI et al., 2015, os tiazois tém a
sua atividade anticancer bastante explorada e os resultados além de crescentes, tem se mostrado
promissores. Paralelamente, observa-se também dados interessantes frente a atividade
antiparasitaria. Muito dessa gama de atividades biologicas se deve a sua versatilidade quimica,

uma vez que € um anel heterociclico de facil obtengdo e que possibilita substituicdes diversas.
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Nosso grupo tem-se dedicado a investigacdo desse grupo quimico e na identificacéo de
compostos promissores frente a atividade antiparasitaria (CARDOSO et al., 2014; DE
MORAES GOMES et al., 2016a, 2016b; DE OLIVEIRA FILHO et al., 2017) e antineoplésica
(DAVID et al., 2017; DE SANTANA et al., 2018; DOS SANTOS et al., 2016). A figura 3
ilustra quatro compostos com atividade antineoplésica e antiparasitaria oriundos de trabalhos

do Laboratério de Planejamento em Quimica Medicinal (LpQM, UFPE).

Figura 3. Exemplos de compostos 1,3-tiazdis. Os derivados 14 (DE OLIVEIRA FILHO et al., 2017) e 1c (DE
MORAES GOMES et al., 2016) com atividade anti-T.cruzi e os derivados 1d (DE SANTANA et al., 2018) e
TP-07 (DAVID et al., 2017) como promissores agentes antitumorais.

Atividade tripanocida Atividade antineoplasica

Cl
Cl

/

\

Br
Cl

Fonte: Elaborado pela autora.

Outro importante nucleo que tem sido bastante explorado na literatura, bem como pelo
nosso grupo de pesquisa, sdo as tiazolidinonas. Esse nucleo tem semelhanca estrutural com o
anel heterociclo tiazol, possuindo um grupo carbonila na posicao 4. As 1,3-tiazolidin-4-onas
sdo heterociclos que tém um atomo de enxofre na posicdo 1, um nitrogénio na posicdo 3 e um
grupo carbonilo na posi¢cdo 4 (LESYK; ZIMENKOVSKY, 2004). Dentre as muitas atividades
farmacoldgicas atribuidas as tiazolidinonas como antiviral, antineoplasica, antiparasitaria,

fungicida, entre outras (TRIPATHI et al., 2014), sera explorado aqui a atividade antineoplasica.
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Figura 4. Estrutura do anel tiazolidinona

Fonte: Elaborado pela autora.

Uma vez verificada a atividade tripanocida atribuida ao ndcleo tiazol, é importante
destacar a atual necessidade de identificacdo de novas opg¢Oes terapéuticas para a doenca de
Chagas, ja que esta apresenta, segundo a OMS (Organizacdo Mundial de Saude), cerca de 6 a
7 milhGes de pessoas acometidas. Além disso, o tratamento € composto apenas pelo
Benznidazol que, por vezes, possui eficacia limitada. Nesse contexto, o presente trabalho
descreve o0 planejamento estrutural, sintese e avaliacdo farmacologica da atividade tripanocida
de novos 1,3-tiazdis. Para esse mesmo nucleo quimico, é visto também sua atividade anticancer
relatada na literatura, bem como ao ndcleo quimico tiazolidinona. Frente ao crescente nimero
de novos casos de cancer ao longo dos ultimos anos, assim como a existéncia de problemas de
resisténcia e toxicidade dos atuais tratamentos disponiveis (INCA, 2019), o presente trabalho
mostra a investigacao dessas duas classes de compostos no contexto antineoplasico.

Dessa forma, os resultados do presente trabalho dividem-se em dois capitulos, os quais
apresentam novos derivados 1,3-tiaz0is (DLT 01-22), obtidos através da estratégia de
bioisosterismo e sua avaliacdo frente a atividade tripanocida, presentes no capitulo 1. J& a
avaliacdo frente a atividade antineoplasica da serie de 1,3-tiazdis, bem como de 4-tiazolidinonas

(LR 01-18) esta exposta no capitulo 2.
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1.1 OBJETIVOS

1.1.1 Objetivo geral

Sintetizar tiazdis e investigar essas moléculas frente a atividade tripanocida e

antineopléasica, bem como a avaliar a atividade antineoplésica de tiazolidinonas.

1.1.2 Objetivos especificos

= Sintetizar 22 compostos do tipo 1,3-tiazois (DLT 01-22) e caracterizar estruturalmente essa

série de compostos;

= Analisar a citotoxicidade frente a células normais das séries de tiazdis (DLT 01-22) e
tiazolidinonas (LR 01-18);

= Avaliar a atividade anti-T. cruzi frente as formas tripomastigota e amastigota para tiazois
(DLT 01-22);

= Avaliar a atividade antineoplasica das tiazolidinonas (LR 01-18) e dos tiazois (DLT 01-22).
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2 REVISAO DA LITERATURA

2.1 DOENCAS NEGLIGENCIADAS

As doencas infecciosas negligenciadas afetam principalmente as populagdes que vivem
em extrema pobreza e, por vezes, causam sofrimento, incapacidade permanente e morte. De
acordo com a Organizacdo Mundial da Saude (OMS), 17 doencgas parasitarias cronicas sdo
classificadas como DTN (Doencas Tropicais Negligenciadas): dengue, raiva, tracoma, Ulcera
de Buruli (infeccdo por Mycobacterium ulcerans), treponematoses endémicas, hanseniase
(doenca de Hansen), doenca de Chagas (tripanossomiase americana), doenca do sono
(tripanossomiase africana), leishmaniose, cisticercose, dracunculiase (infeccdo pelo verme da
guiné), equinococose, infec¢bes por trematddeos causadas por alimentos, filariose linfatica,
oncocercose (cegueira dos rios), esquistossomose e helmintiases transmitidas pelo solo (OMS,
2018).

Na America Latina e no Caribe, estima-se que 46 milhdes de criangas vivem em areas
de alto risco de infeccdo ou reinfeccdo com helmintos transmitidos pelo solo, enquanto cerca
de 11 milhdes de pessoas estdo em risco de tracoma e 70,2 milhdes estdo em risco de doenca
de Chagas. Mais de 33 mil novos casos de hanseniase e mais de 51 mil casos de leishmaniose
cuténea sao relatados nas Américas a cada ano. Alem disso, 70 milhGes de pessoas na regido
estdo em risco de doenca de Chagas, 25 milhdes sofrem de esquistossomose e 12,6 milhGes
sofrem de filariose linfatica. (PAHO, 2017).

As doencas negligenciadas causam significativa morbidade e mortalidade no mundo em
desenvolvimento. Dados mostrados pela Iniciativa de Medicamentos para Doencas
Negligenciadas, DNDi (DNDiI, da sigla inglesa, Drugs for Neglected Diseases Initiative), dos
850 novos produtos terapéuticos aprovados entre 2000 e 2011, apenas 4% (e apenas 1% de
todas as novas entidades quimicas aprovadas) foram indicados para doencas negligenciadas,
mesmo que essas doencas representem 11% da carga global de doencas (DNDi, 2018). Desse
modo, é possivel perceber que os investimentos frente a novas alternativas terapéuticas na area
S80 necessarios.

O cenéario de pesquisas referentes a farmacos para o tratamento da doenca de Chagas
tem evoluido, ainda que de maneira timida, nos Ultimos anos, sobretudo, apds o sequenciamento
do genoma do T. cruzi, agente etiol6gico da doenca de Chagas, que permitiu a identificacdo de

varios genes, muitos deles existentes apenas no parasita e ndo no homem (EL-SAYED et al.,
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2005). Esses estudos possibilitaram a abordagem de alvos potenciais no T. cruzi , tais como o
metabolismo de esterdis, 0 DNA e diferentes enzimas (LAVRADO et al., 2012).

2.1.2 Doenca de Chagas — Caracteristicas gerais

A doenca de Chagas é classificada como enfermidade negligenciada pela Organizagéo
Mundial da Satde (OMS) e apresenta-se em duas fases: fase aguda e crénica (WHO, 2012;
WHO 2013). A distribuicdo espacial da doenca é limitada primariamente ao continente
americano em virtude da distribuicdo de mais de 140 espécies do inseto vetor, dai a razdo de
ser denominada "tripanossomiase americana”. Progressivamente, no entanto, a doenca tem
alcancado paises ndo endémicos, mediante o deslocamento de pessoas infectadas e por meio de
outros mecanismos de transmissdo, como resultado do intenso processo de migracao
internacional. A OMS estima em aproximadamente 6 a 7 milhdes o nimero de pessoas
infectadas em todo o mundo, a maioria na América Latina (CARLOS PINTO DIAS et al.,
2016).

A tripanossomiase americana € uma doenca tropical parasitaria causada pelo
protozoario flagelado Trypanosoma cruzi. O T. cruzi é, normalmente, transmitido aos seres
humanos e outros mamiferos por um inseto vetor, os insetos hematdfagos da subfamilia
Triatominae (familia Reduviidae), onde as espécies mais comuns pertencem aos géneros
Triatoma, Rhodnius e Panstrongylus (CDC, 2012). Os sintomas da doenca de Chagas variam
ao decorrer da infecgdo. No estagio inicial, conhecido como fase aguda, os sintomas produzem
geralmente, no sitio da infec¢do, um inchaco local. A fase aguda é sensivel aos tratamentos com
antiparasitarios, com as taxas de cura de 60 a 90%. Depois de 4 a 8 semanas, os individuos com
infeccdes ativas entram na fase crénica da doenca de Chagas, que é assintomatica para 60 a
80% dos individuos durante quase toda vida (RASSI; RASSI; MARIN-NETO, 2010).

2.1.3 Ciclo de vida do T. cruzi e tratamento para doenca de Chagas

O ciclo de vida de T. cruzi é complexo, com varios estagios de desenvolvimento em
insetos vetores e mamiferos hospedeiros. Tripomastigotas ndo replicativos, na corrente
sanguinea, e amastigotas intracelulares replicativos, sdo as formas tipicas do organismo, que
sdo identificadas em hospedeiros mamiferos, enquanto epimastigotas e tripomastigotas

metaciclicos replicativos e infecciosos infectam o vetor triatomineo (Figura 5) (PAHO, 2014).
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Figura 5. Transmisséo pelo vetor e ciclo de vida do Trypanosoma cruzi.
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Fonte. UMESH S. PAL, 2011.

A transmissao pelo vetor acontece, inicialmente, pela penetracdo da membrana mucosa
intacta do olho por tripomastigotas infecciosos e leva a uma reacdo indolor da conjuntiva, com
edema unilateral de ambas as palpebras e linfadenite do ganglio da pré-auricular (sinal de
Romafa). A transmissdo pode acontecer por qualquer outra parte do corpo também e
geralmente pode conduzir a uma reacdo no tecido subcutdneo com edema local e
endurecimento, congestdo vascular e infiltracdo celular (chagoma). As tripomastigotas na
célula hospedeira escapam a partir do vactolo parasitdforo e sdo libertados para o citoplasma
por um mecanismo ndo usual: tripomastigotas transformam-se em amastigotas esféricas que
comecam a replicacdo e quando a célula local fica inchada com amastigotas, transformam-se
de volta para tripomastigotas com crescimento de flagelos. As tripomastigotas lisam as células
infectadas, invadem os tecidos adjacentes e se espalham através dos vasos linfaticos e da

corrente sanguinea para locais distantes, principalmente células musculares (cardiaca, lisa e
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esquelética) e as células ganglionares, onde se submetem a novos ciclos de multiplicagdo
intracelular (PAHO, 2014). Durante a fase aguda, todos os tipos de células nucleadas no
hospedeiro humano séo alvos potenciais para a infecgdo. Com o desenvolvimento da resposta
imunoldgica, o nimero de parasitos nos tecidos diminui substancialmente, indicando o fim da
fase aguda. No entanto, uma vez que o parasito ndo é completamente eliminado, a infeccao de
tecidos especificos, tais como o musculo ou géanglio entérico, persiste indefinidamente no
organismo do hospedeiro (RASSI; RASSI; MARIN-NETO, 2010).

Embora cerca de oito milhdes de pacientes na América Latina estejam infectados com
o T. cruzi, o tratamento farmacoldgico frente a doenca de Chagas permanece inapropriado,
mesmo apd6s mais de 100 anos da sua descoberta. Neste contexto, ha somente dois
medicamentos aprovados para uso clinico, o Benzonidazol (BZD) e o Nifurtimox (Figura 6),
sendo o BZD, o farmaco disponivel para tratamento no Brasil (RASSI, TRANCHESI,
TRANCHESI, 1991; RASSI JR, RASSI, MARIN-NETO, 2010). O tratamento mostra-se mais
eficaz no inicio da infeccdo e ha relatos da capacidade limitada do Benznidazol em efetuar a
cura parasitolégica, particularmente durante a fase crénica, com efeitos colaterais frequentes
que podem levar a interrupgdo do tratamento (CARDOSO et al., 2014), sdo eles: dermatite
alérgica, prurido, febre, intolerancia gastrointestinal, entre outros (CASTRO et al., 2006). Além
disso, o fator geografico com suas diferentes linhagens do T. cruzi podem interferir e resultar
em eficécias diferentes, somado ao fato da dificuldade na prescricdo de uma dose adequada
(GARCIAS. et al., 2005)

Figura 6. Estrutura quimica do Nifurtimox (1) e Benznidazol (2).
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Fonte. Elaborado pela autora.

2.1.4 Nucleos de interesse: Tiossemicarbazonas

As tiossemicarbazonas sdo compostos de interesse cientifico devido as suas importantes

propriedades quimicas e bioldgicas, tais como antitumoral (FEUN et al., 2002), antibacteriana
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(KASUGA et al., 2003), antiviral (TEITZ, Y. A., RONEN, D., VANSOVER, A,
STEMATSKY, T., & RIGGS, 1994), antiprotozoaria (BHARTI et al., 2002), citotdxica (LIMA,
P.C.; AVERY, M. A.; TEKWANI, B. L.; ALVES, H.; BARREIRO, J.; FRAGA, 2002), dentre
outras. A estrutura quimica das tiossemicarbazonas € mostrada na Figura 7. Do ponto de vista
sintético, apresentam como caracteristica principal sua versatilidade de obtencéo, assim como
sua vasta aplicagdo como intermediarios de muitos nucleos importantes. Em geral, estas
moléculas apresentam baixo custo de sintese, além de grande economia de 4&tomos, uma vez
que, com excecao da agua que é liberada na sua sintese, todos 0s outros aomos dos compostos
reagentes estardo presentes na molécula final (TENORIO et al., 2005).

Figura 7. Estrutura da tiossemicarbazona

Fonte. (TENORIO et al., 2005). Adaptado pela autora.

As tiossemicarbazonas, em presenca de compostos do tipo a-halogeno-cetonas,
funcionam muito bem na sintese de tiazdis. Isto acontece porque as a-halogeno-cetonas séo
muito reativas frente ao grupo tioamida nucleofilico presente na estrutura das
tiossemicarbazonas e, consegiientemente, levam a ciclizacdo para formar o heterociclo
(TENORIO et al., 2005). Outro nicleo facilmente obtido por meio de tiossemicarbazonas séo
as tiazolidinonas, as quais podem ser ciclizadas juntamente com &cidos e/ou ésteres
halogenados, por exemplo. As trés classes de compostos citadas (tiossemicarbazonas,
tiazolidinonas e tiazdis) sdo bastante importantes na quimica medicinal devido as suas
atividades bioldgicas (KUCUKGUZEL et al., 2002).
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2.1.5 Nucleos de interesse: Tiazolidinonas

Os derivados de 4-tiazolidinona apresentam diversas atividades bioldgicas, tais como:
anti-inflamatorias, anti-proliferativas, antiviral, anticonvulsivo, anti-diabético, anti-
hiperlipidemico, cardiovascular, anti-tuberculoso, antifingico e antibacteriano (TRIPATHI et
al., 2014) (Figura 8).

Figura 8. Nucleo tiazolidinona e suas principais atividades biolégicas
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Fonte. Elaborado pela autora.
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Alguns  medicamentos como:  Ralitolina  (anticonvulsivante),  etozolina
(antihipertensivo), pioglitazona (hipoglicémico) e tiazolidomicina (atividade contra espécies de
Streptomyces), possuem o nlcleo quimico em questdo presente nas suas estruturas e ja se
encontram no mercado (TRIPATHI et al., 2014).

A quimica das 4-tiazolidinonas foi descrita de forma detalhada em BROWN, 1961.
Como ja evidenciado na Figura 4 sobre a posi¢cdo e numeracdo dos atomos em seu anel

heterociclo, podemos pontuar algumas modificacdes estruturais possiveis nesse anel:

e Os substituintes nas posicdes 2, 3 e 5 podem ser variados, mas a maior diferenca nas
propriedades e estrutura € exercida pelo grupo ligado ao &tomo de carbono na posicédo 2 (R

e R1 emestrutura 1 ou X em estrutura 2, Figura 9, abaixo)



Figura 9. Nicleo tiazolidinona com substituintes em posicdes diversas
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Fonte. THIPATHI et al., 2014. Adaptado pela autora.

s80 possiveis para as estruturas, representado pelas estruturas 1 e 2.

2.1.6 Nucleos de interesse: Tiazois

29

VariagcOes nos substituintes ligados ao &tomo de nitrogénio e o &tomo do carbono metileno
O grupo carbonila da 4-tiazolidinona é ndo reativo, contudo, em alguns casos, nas reacdes

de 4-tiazolidinonas com o reagente de Lawesson resulta no correspondente derivado 4-tiona
(KATO et al., 1999).

O anel tiazol € um heterociclo (Figura 1) importante que estd presente em muitos

compostos biologicamente ativos e é também um dos ndcleos quimicos mais estudados

(SIDDIQUI et al., 2009). O anel tiazol possui uma deslocalizacdo de um unico par de elétrons

do atomo de enxofre (ABELE et al., 2007) e as formas de ressonancia sdo mostradas na Figura

10.

Figura 10. As formas de ressonancia do anel tiazol
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Fonte. (AYATI et al., 2015). Adaptado pela autora.
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Os tiazois estdo relacionados com um grande nimero de aplicacBes bioldgicas. Dentre
estas, podem-se citar atividades antimicrobiana, antifungica, anticancer, antiparasitaria e
antinflamatéria, Figura 11 (AYATI et al., 2015; DE MORAES GOMES et al., 2016b; HOLLA
et al., 2003).

Figura 11. Atividades bioldgicas dos tiazois
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Fonte. Elaborado pela autora.
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O carater aromatico do anel tiazol é também evidenciado por espectroscopia de RMN
de H. O deslocamento quimico dos hidrogénios do anel é verificado entre 7,27 e 8,77 ppm,
indicando um forte efeito diamagnético. O tiazol é protonado sob as condic¢des acidas, como

ilustrado na Figura 12:

Figura 12. Protonacéo do anel tiazol

pKa= 25

Fonte. (AYATI et al., 2015). Adaptado pela autora.

2.1.7 Tiaz0is e seus bioisosteros como agentes anti-T. cruzi

O desenvolvimento de trabalhos frente a atividade anti-T. cruzi, utilizando-se de

grupamentos quimicos como tiazois, tiazolidinonas e tiossemicarbazonas, tém sido cada vez
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maiores. Sao notaveis os seus relatos de atividade antiparasitaria (GAWANDE et al., 2013;
MASOUD et al., 2013; MOREIRA et al., 2012; PIZZO et al., 2011). Em um estudo, foi
demonstrado atividade tripanocida para uma série de 4-ariltiazolilhidrazonas (CAPUTTO et al.,
2012), que tem atividade potente para todas as formas do parasita. Além disso, DU et al 2002
descreveram a 3'-bromopropilfenona-tiossemicarbazona como uns dos mais eficazes inibidores
da cruzaina com atividade tripanocida em niveis que ndo sdo toxicos para células de mamiferos,
dessa forma, DE MORAES GOMES et al. 2016¢c, sintetizaram tiazois derivados da 3'-
bromopropilfenona-tiossemicarbazona, tendo o composto 1c (Figura 13), frente a forma
tripomastigota, atividade superior ao Benznidazol e Nifurtimox (Figura 6). Outro destaque com
a presenca do anel tiazol em sua estrutura, e, que também apresentou atividade superior ao
Benznidazol e Nifurtimox foi o composto 14 (DE OLIVEIRA FILHO et. al. 2017) (Figura 13).

Figura 13. Estruturas dos composto 14 e 1c.

Cls, (tr1po) 037 Cls (trlpo) 3.84 uM

Fonte. Elaborado pela autora.

MOREIRA et. al. avaliaram a atividade anti-T. cruzi de 4-tiazolidinonas e verificou-se
que esses compostos promoveram a inibicdo da atividade da cruzaina e a proliferacdo das
epimastigotas do T. cruzi, sendo fatais para a forma tripomastigota nos ensaios in vitro em
concentracBes ndo tdxicas para esplendcitos de ratos. Nos ensaios in vivo, destacou-se 0
composto 5 (Figura 14), que conseguiu reduzir a parasitemia sanguinea nos camundongos
infectados. Ainda sobre as tiazolidinonas do nosso grupo de pesquisa, destaca-se também o
trabalho de DE OLIVEIRA FILHO et al., 2015, onde foi possivel encontrar tiazolidinonas
(compostos 18-20) (Figura 18), com resultados promissores frente a tripomastigotas da cepa
Y, e, em macréfagos infectados, esses compostos (18-20) reduziram as amastigotas

intracelulares, enquanto que o BZD ndo o fez.
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Figura 14. Estrutura de alguns dos principais prot6tipos a farmacos anti-T. cruzi do laboratdrio, baseados em 4-
tiazolidinonas.
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Fonte. Elaborado pela autora.

3 CANCER - GENERALIDADES E CARACTERISTICAS

Cancer € o nome dado a um conjunto de mais de 100 doencas que possuem em comum
o crescimento desordenado de células, invadindo tecidos e 6rgédos (INCA, 2019). Uma vez que
divide-se de maneira rapida, tais células tendem a ser agressivas e incontrolaveis, determinando
a formacao de tumores, que podem espalhar-se para outras regiées do corpo. Atualmente, € a
principal causa de morte em todo o mundo, responsavel por 8,8 milhGes de mortes em 2015,
segundo a OMS. Em 2018, a projecdo é de que o nimero de casos de cancer seja de cerca de
1.735.350 e 609.640 mortes por cancer nos Estados Unidos. Sobre a Gltima década de dados, a
taxa de incidéncia de cancer (2005-2014) foi estavel em mulheres e diminuiu cerca de 2% ao
ano em homens, enguanto a taxa de mortalidade por cancer (2006-2015) diminuiu cerca de
1,5% ao ano em homens e mulheres (SIEGEL; MILLER; JEMAL, 2018).

O processo de formacdo do cancer, também conhecido como carcinogénese, pode ser
divididas nas seguintes etapas: (a) iniciacdo, onde as células sdo expostas aos agentes
carcinogénicos, enddgenos ou exogenos, e sofrem alteracdes nos genes que controlam
importantes vias celulares; (b) promocéo, na qual o sistema de reparo do DNA ndo foi capaz de

reverter 0s danos causados na etapa anterior e a célula é transformada de forma lenta e gradual
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em uma célula maligna e (c) progresséo, caracterizada pela multiplicagcdo descontrolada onde a
celula adquire as caracteristicas de imortalidade replicativa, perda de inibicdo do crescimento
por contato, além de poder estimular a angiogénese, apresentar inabilidade para morrer e outras
alteracbes que conferem a célula a capacidade de invadir tecidos adjacentes (Figura 15)
(POLLOOCK, 2006; HANAHAN & WEINBERG, 2011; CARVALHO et. al.,, 2014). A
proliferacdo desordenada das células é resultado de um acumulo de mutacdes e alteracbes
genéticas, promovida, por muitas vezes, a partir da ativacdo de vias bioquimicas que
possibilitam simultaneamente a expresséo de oncogenes e o silenciamento de genes supressores
de tumor (HANAHAN E WEINBERG, 2000).

Figura 15. Formacéo do cancer (simplificado)

Agente
cancerigeno

Célula normal Célula cancerosa

Fonte. INCA, 20109.

Hanahan e Weinberg em 2000, relataram seis capacidades caracteristicas (Hallmarks)
do cancer, que serviram de base para a melhor compreensdo dessa patologia, sdo elas: 1)
manutencdo de sinalizacdo proliferativa, 2) fuga dos supressores tumorais, 3) ativacdo de
invasdo e metastase, 4) possibilidade de imortalidade replicativa, 5) inducdo de angiogenese e
6) resisténcia a morte celular. Tais caracteristicas sdo compartilhadas pela maioria das
neoplasias humanas e dependem da manutencdo de quatro habilidades: evasdo do sistema
imune, instabilidade génomica, manutencdo da inflamacdo e desregulacdo do metabolismo
energético, propostas também pelos mesmos autores Hanahan e Weinberg em 2011. (Figura
16).
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Figura 16. Hallmarks do cancer — principais caracteristicas apresentadas por células transformadas.

Instabilidade
génomicae
mutag3o

Fonte. Hanahan; Weinberg, 2011. Adaptado pela autora.

Apesar de os distirbios genéticos iniciais ocorrerem nas células propriamente
neoplasicas, a analise tumoral que se limita a essas células, constituindo uma viséo reducionista,
vem mostrando-se cada vez mais incompleta. A percepcdo do cancer dentro de um
microambiente tumoral, onde interagem células geneticamente alteradas, células normais
(como fibroblastos, células imunes, células endoteliais), vasos, e substancias produzidas
localmente ou provenientes da irrigacdo sanguinea, tem se mostrado muito mais satisfatoria na

compreensdo do desenvolvimento tumoral (Figura 17) (CHAMMAS, 2010).
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Figura 17. Visdo reducionista versus células tumorais + microambiente
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Fonte. Hanahan; Weinberg, 2000, 2011. Adaptado pela autora.

De fato, estudos mostram que células ndo-cancerigenas tém participacdo significativa
em diversos processos de progressdo tumoral, tais como angiogénese, metastase
(CONDEELIS; POLLARD, 2006) e proliferacdo celular (CORREA et al., 2005). Dessa forma,
0 tumor pode ser visto como um tecido complexo, com distorcdo da homeostasia tecidual
original, e em que células “normais” sdo cooptadas a funcionar de acordo com essa nova

dinamica tecidual, ditada principalmente pelas células cancerigenas (CHAMMAS, 2010).

3.1 CICLO CELULAR

Os processos basicos que ocorrem desde a formacdo de uma célula até sua propria
divisdo em duas células filhas, denomina-se ciclo celular. O ciclo celular, em células eucariotas,
é dividido em processos que compreendem as seguintes etapas: a interfase, que trata-se do
espaco entre duas divisdes sucessivas, a mitose e a citocinese, que sdo as divisdes nuclear e
citoplasmatica, respectivamente (JUNQUEIRA E CARNEIRO, 2012). Dividida em trés fases,
a interfase apresenta-se por: G1, S e G2. A fase G1 (do termo em inglés gap, que significa
intervalo) é marcada pelo aumento no volume celular, com a producéo de constituintes celulares
gue serdo essenciais para a nova célula que seréa gerada e proteinas necessarias para a proxima
fase. A fase S (do termo em inglés synthesis, que significa sintese) compreende a replicacdo do
DNA, que é seguida pela fase G2, a qual ocorre nova sintese de proteinas necessarias a divisao
celular. A fase G1 nem sempre € sucedida pela fase S e, por vezes, a célula é entdo encaminhada
a fase GO, onde estdo em “repouso” por ndo sofrerem divisdo. Ao fim da interfase, a célula

contém o dobro de DNA, quando comparado a sua condigdo inicial. A fase M (mitose) sera
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entdo iniciada e, por sua vez, é subdividida em profase, prometafase, metéfase, anafase e
tel6fase (JUNQUEIRA E CARNEIRO, 2012; ALMEIDA 2005).

A progressao do ciclo celular depende da integracdo de um grande nimero de sistemas
de sinais intra e extracelulares que se integram também com controles genéticos intrinsecos,
resultando em vérios checkpoints (ou pontos de restricdo) em diferentes fases do ciclo. Estes
checkpoints incluem o chamado pontos de verificagcdo de dano do DNA: ponto de verificacdo
S no posto de controle G1/S e em G2/M. Nestes pontos de verificagdo, a progressao
através do ciclo celular pode ser induzida a parar, com o intuito de permitir que a celula repare
0 DNA apds danos causados por irradiacdo ou produtos quimicos, por exemplo. Nos pontos de
verificacdo, as decises sdo tomadas: células continuam a progredir através do ciclo celular ou
param na fase quiescente (GO0), ou, ainda, diferenciam-se ou sofrem apoptose (BOONSTRA,;
POST, 2004).

A regulagdo do ciclo celular é realizada por meio de mecanismos moleculares
desempenhados pelas ciclinas e proteinas dependentes de ciclinas (CDK’s) (BIRD, 2003;
(BOONSTRA; POST, 2004). Estes complexos podem atuar na fosforilagdo de outros
complexos proteicos promovendo a evolucdo do ciclo celular. Os complexos ciclina-CDK de
mamiferos mais importantes conhecidos até agora sdo as ciclinas mit6ticas A e B em associacéo
com CDK1, e as ciclinas G1 D e E em complexo com CDK 4/6 e CDK2 (NIGG, 1995; REED,
1997). O primeiro complexo ciclina-CDK, para ser ativado durante a fase G1, € composto por
ciclina tipo D em associacdo com CDK4 ou CDK®6, dependendo da tipo de célula (SHERR,
1995). A medida que as células progridem através da fase G1, a ciclina E € sintetizada com um
pico no final da fase G1. Ciclina E associa-se ao CDK2 e é importante para entrar no S fase
(OHTSUBO et al., 1995). Quando as células entram na fase S, a ciclina E é degradado e CDK2
entdo se associa coma ciclina A (FOTEDAR E FOTEDAR, 1995). Finalmente, as ciclinas tipo
A e B associam-se com CDK1 para promover a entrada na mitose. A ciclina A liga-se a CDK1
com um pico de atividade na fase G2 e é subitamente degradado, enquanto a entrada na mitose
é desencadeada pela ciclina tipo B com a CDKL1. Para sair da mitose, a destruicao da ciclina B

€ necessaria.
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Figura 18. Viséo geral do ciclo celular.

Fonte. VERMEULEN et al, 2003

Quanto a inibicdo da continuidade do ciclo celular, a literatura reporta que esta €
realizada pelas proteinas conhecidas como inibidoras de quinases dependentes de ciclinas
(CKIs). Esse grupo de proteinas pode atuar na ocorréncia de algum defeito no processo de
divisdo celular como, por exemplo, danos ao DNA, mediando a interrupcdo do ciclo, reparo do
material genético e até a morte celular. Normalmente, as CKIs sdo classificados em dois grupos
distintos: o especifico, como pl5, pl6, pl8 e pl9 que atuam em CDKs pré-definidas, e o
inespecifico que tem a capacidade de agir em em mais de um complexo de ciclina-quinases:
p21, p27, p53 e p57 (JOHNSON; WALKER, 1999; SIEBERT; WILLERS; OPALKA, 1996;
VERMEULEN; BOCKSTAELE; BERNEMAN, 2003).

Muitos farmacos eficazes contra o cancer exercem sua acdo sobre as células que se
encontram no ciclo celular, e sdo denominados farmacos ciclo-celular especificos (CCS). E
possivel também classificar um segundo grupo de agentes, denominados farmacos ciclo-celular
ndo especificos (CCNS), tem a capacidade de exterminar as células tumorais
independentemente de estarem atravessando o ciclo ou de estarem em repouso no
compartimento GO (ALMEIDA et al., 2005). Dessa forma, o ciclo celular mostra-se importante

no contexto da descoberta de novas drogas e na elucidacdo dos possiveis mecanismos de acao.



38

3.2 QUIMIOTERAPIA DO CANCER

O primeiro quimioterapico antineoplasico foi desenvolvido a partir do gas mostarda,
usado nas duas Guerras Mundiais como arma quimica. ApGs a exposic¢ao de soldados a este
agente, observou-se que eles desenvolveram hipoplasia medular e linfoide, o que levou ao seu
uso no tratamento dos linfomas malignos. A partir da publicacdo, em 1946, dos estudos clinicos
feitos com o gas mostarda e das observagdes sobre os efeitos do &cido folico em criangas com
leucemias, verificou-se avanco crescente da quimioterapia antineoplasica (INCA, 2017). A
quimioterapia pode ser feita com a aplicacdo de um ou mais quimioterapicos. O tratamento com
medicamentos anticancer é geralmente dividido em quatro diferentes classes: quimioterapia,
terapia hormonal, terapia alvo-especifica (targeted therapy), e imunoterapia (LESTERHUIS et
al., 2011).

A quimioterapia pode ser realizada utilizando-se apenas um medicamento isoladamente,
em combinacdo com outros, ou em combinacdo com outros tipos de tratamento. Os
quimioterapicos possuem diferentes estruturas quimicas e diferentes mecanismos de acdo,
podendo ser agrupados em:

e Agentes alquilantes (Ex.: Carboplatina, Cisplatina, Ciclofosfamida, Clorambucil,

etc);
e Antimetabolitos (Ex.: 5-Fluorouracil, Citarabina, Gemcitabina, Metotrexato, etc);
e Antibioticos antitumorais (Ex.: Doxorrubicina, Epirrubicina, Idarubicina,
Daunorrubicina, etc);

e Inibidores da topoisomerase (Ex.. Topotecano, Irinotecano Etoposideo,
Mitoxantrona, etc);

e Inibidores mitoticos (Ex.: Docetaxel, Paclitaxel, Vinblastina, Vincristina, etc);

e Corticoesterdides (Ex.: Prednisona, Metilprednisolona e Dexametasona);

Quanto a terapia hormonal, é principalmente usada no tratamento do cancer de mama,
endométrio e da prostata. Nestes canceres, o tratamento pretende bloquear os efeitos dos
horménios masculinos (como a testosterona) no homem e 0s hormdnios femininos (como o
estrogénio) na mulher, impedindo que as células cancerigenas usem o0 hormdnio necessario para
crescer ou impedindo que o corpo produza hormdnio (Exemplos: Tamoxifeno, Fulvestranto,
etc) (AMERICAN CANCER SOCIETY, 2016; (NUSSBAUMER et al., 2011).

Apobs 0 melhor entendimento da acéo de genes e proteinas de células tumorais surgiu a

terapia alvo-especifica. Trata-se de medicamentos que atuam frente a caracteristicas especificas
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das células cancerigenas, bloqueando assim o crescimento e a disseminacdo do cancer. S&o
divididos em:
e Anticorpos monoclonais (Ex.: Trastuzumabe, Cetuximabe, Panitumumabe,
Rituximabe, etc);
¢ Inibidores de angiogénese (Ex.: Bevacizumabe);
e Inibidores de tirosinoquinase (Ex.: Erlotinibe, Dasatinib, Dabrafenibe,
Cabozantinibe, etc);

¢ Inibidores da via do hedgehog (Ex.: Vismodegibe).

A imunoterapia é realizada através da estimulacdo do préprio sistema imunoldgico, de
modo que ele funcione de maneira eficiente para atacar as células cancerigenas, através da
administracdo de componentes do sistema imunoldgico. O tratamento funciona de maneiras
diferentes, estimulando o sistema imunoldgico do corpo de uma forma muito geral ou ajustando
0 sistema imunologico para atacar especificamente as células cancerigenas (AMERICAN
CANCER SOCIETY, 2016). Os principais tipos de imunoterapia incluem:

e Anticorpos monoclonais;

e Inibidores do check-point imunolégico (Ac¢do por meio de PD1 — EX.:
Pembrolizumab; Nivolumab, Cemiplimab, etc. A¢do por meio de CTLA-4 — EX.:
Ipilimumab);

e Vacinas (Ex.: Sipuleucel-T (Provenge®). E a Unica vacina aprovada nos EUA para

tratar o cancer até o momento. Utiliza-se no cancer de préstata avancado).

Dessa forma, € importante destacar que parte dos quimioterapicos disponiveis para o
tratamento do cancer exibem varios problemas quanto a especificidade, potencialidade e
presenca de efeitos indesejados. Além desses fatores, o desenvolvimento de resisténcia a
multiplas drogas é um elemento agravante na terapéutica do cancer (GOTTESMAN; FOJO;
BATES, 2002). Portanto, a importancia da quimica medicinal e a busca por novos farmacos
potentes e seletivos para introducdo na terapéutica oncoldgica € de essencial importancia, uma

vez que muitos aspectos desta doenca ainda permanecem sem tratamento.

3.2.1 Potenciais candidatos: tiazois e tiazolidinonas
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A atividade antitumoral de tiazois é bem relatada e documentada (AL-OMARY et al.,
2012; CANCER; KINASE; KINASES, 2016; DOS SANTOS et al., 2016; EL-MESSERY et
al., 2012; SIDDIQUI et al., 2009). H& uma variedade de mecanismos para a a¢do antitumoral
de tiazol e derivados agindo sobre alvos bioldgicos do cancer, como a Inosina monofosfato
desidrogenase (IMPDH). Um anélogo nucleosideo sintético, a Tiazofurina é um potente
inibidor da inosina monofosfato desidrogenase (IMPDH). A inibicdo dessa enzima resulta em
uma diminuicdo na biossintese de guanosina trifosfato (GTP) e desoxiguanosina trifosfato
(dGTP), produzindo inibicdo da proliferacdo de células tumorais. A Tiazofurina exibiu
importantes resultados para o tratamento de tumores pulmonares, metastases e leucemia
miel6ide aguda e outros andlogos a sua estrutura foram planejados (AYATI et al., 2015). Além
disso, a droga atualmente disponivel no mercado Dasatinib, € um inibidor da tirosina quinase
BCR-ABL.

Figura 19. Estruturas do Dasatanib e Tiazofurina.
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Fonte. Elaborado pela autora.

Em seu trabalho de concluséo de curso, DOS SANTOS, T. M., 2015 avaliou a série de
tiossemicarbazonas intermediarias da sintese da série de 1,3 tiazois propostas neste trabalho.
Os resultados obtidos foram promissores dentro da atividade antineoplasica, onde cerca de 5
compostos apresentaram resultados inferiores a 59% de viabilidade celular em cerca de 8
linhagens tumorais, sendo uma delas multirresistente (HL-60/mx1). Além disso, um dos
compostos (composto 9v) apresentou fragmentacdo apoptotica na eletroforese em gel de

agarose (Figura 20).
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Figura 20. Estrutura do composto 9v.
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Fonte. Elaborado pela autora.

As propriedades antitumorais de 4-tiazolidinonas estdo provavelmente relacionadas a
sua afinidade com alvos bioldgicos anticancerigenos, como fator de necrose tumoral (TNFa) e
biocomplexo antiapoptético Bel-XL-BH3 (TRIPATHI et al., 2014). Outro alvo explorado é a
histona desacetilase (HDAC), o qual uma das tiazolidinonas (composto 12i, figura 21)
apresentou potente inibicdo, com seu valor de Clso em nM (YANG et al., 2016).

Diversos compostos e suas respectivas sinteses com o nucleo tiazolidinona foram
relatadas em (TRIPATHI et al., 2014), onde foi apresentada a avaliacao de varias estruturas em
diversos alvos e linhagens tumorais. Exemplo disso, € uma promissora série de tiazolidinonas,
a qual mostrou que o composto MMPT (figura 21) inibiu efetivamente o crescimento de
linhagens de cancer de pulmdes humanos (H460 e H460 / TaxR). KAMEL et. al. sintetizaram
algumas ariltiazolidinonas, dentre elas, o composto 5e (figura 21) que apresentou efeito
citotoxico em carcinoma de mama da linhagem celular (MCF-7) e carcinoma do colo do Utero
da linhagem celular (HeLa) superior em comparacdao com doxorrubicina (KAMEL et al., 2010).
Sugeriu-se ainda que a acdo antitumoral das 4-tiazolidinonas esta associada a sua afinidade com

membros pro e anti-apoptoticos da familia das proteinas Bcl-2 (SENKIV et al., 2016).



Figura 21. Estruturas dos compostos 12i, MMPT e 5e
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Capitulo 1

Planejamento estrutural, sintese e avaliacdo anti-T. cruzi de 1,3-

tiazois
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4 PLANEJAMENTO ESTRUTURAL DA SERIE DE TIAZOIS (DLT 01-22)

O planejamento estrutural do presente trabalho frente a atividade tripanocida, se deu
apods os resultados obtidos por MAGALHAES MOREIRA et al., 2014, cujo esquema geral de
sua série estad exposto na Figura 22. Destacou-se o composto 9r, que frente a forma

tripomastigota, exibiu CCso = 1.1 uM.

Figura 22. Estrutura geral da série de tiossemicarbazonas e respectivo radical para molécula 9r (MAGALHAES
MOREIRA et. al. 2014)
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Fonte. Elaborado pela autora.

A estratégia utilizada para o planejamento e obtencdo dos compostos 1,3-tiazois do atual
trabalho foi a do bioisosterismo, através da ciclizacdo da série de tiossemicarbazonas
utilizando-se a 2-bromoacetofenona (Figura 23). Explorou-se a insercdo de substituintes
diversos ao longo do anel aril ligado a por¢do C2 do heterociclo, sendo estes, portadores de
diferentes caracteristicas: lipofilicas (etil, i-propil, t-butil etc.), eletrdnicas (nitro, metéxi, cloro,
etc) e de volumes (fenil, bi-fenil, naftil). Também foram exploradas as variacdes das posicdes
destes substituintes em orto, meta e para. Ja no anel heterociclo, tem-se a fenila adicionada a
posicdo C4. A substituicdo em C4 com uma fenila é proveniente de resultados anteriores de
nosso grupo de pesquisa, onde tal insercao foi benéfica. Com o intuito de relacionar a estrutura-
atividade, incrementar atividade biolégica e aumentar nossa quimioteca, este capitulo expde a
série de tiazois derivados dos compostos de MAGALHAES MOREIRA et al., 2014.
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Figura 23. Planejamento estrutural para a série DLT
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Fonte. Elaborado pela autora.

4.1 SINTESE DOS 1,3-TIAZOIS (DLTs)

As tiossemicarbazonas foram sintetizadas conforme descrito em MAGALHAES
MOREIRA et al., 2014. Assim, foram sintetizadas as tiossemicarbazonas intermediarias para
entdo obtermos os tiazdis. Primeiramente, reagiu-se os derivados do fenol (1a-v) com a 3-cloro-
2-butanona em condic6es basicas, sob agitacdo magnética, a temperatura ambiente. Apds 12 h
de reacdo, as B-cetonas (2a-v) foram obtidas, com rendimentos de 66 a 99%. Posteriormente,
reagiu-se as ariloxicetonas (2a-v) com tiossemicarbazida e HCI em banho de ultrassom a
temperatura ambiente. Ap0s 2 horas, aproximadamente, as tiossemicarbazonas (3a-v)
precipitaram na mistura reacional e foram recolhidas por uma etapa de filtracdo simples. Todas
as tiossemicarbazonas (3a-v) foram recristalizadas e obteve-se uma pureza aceitavel com
rendimentos variando entre 36 e 98% (Figura 24). As tiossemicarbazonas foram sintetizadas
conforme descrito em MAGALHAES MOREIRA et al., 2014.
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Figura 24. Rota sintética das tiossemicarbazonas intermedidrias (3a-v)
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Reagentes e condigdes: (A) K.COs, KI, butanona, temperatura ambiente, 12h, rendimento 66-99%. (B) HCI,
EtOH, banho de ultrassom, durante 2h, rendimentos de 36-98%. Ph = fenil, iPr = isopropil, tBu = terc-butil.
Fonte. MAGALHAES MOREIRA et. al., 2014.

Uma vez obtidas as tiossemicarbazonas intermediarias, realizamos a sintese dos compostos
tiazdlicos. A reacdo para obtencdo dos 1,3-tiazéis (DLT 01-22) obedeceu as seguintes
condicdes: agitacdo magnética, temperatura ambiente (TA), com isopropanol como solvente,
além da adicao da acetofenona.

Ao longo da reacdo ou ao seu final, o produto reacional precipita sendo necessario apenas
uma filtracdo para coletar o produto ao final, seguida por uma lavagem realizada com
isopropanol. Os compostos foram isolados como sélidos e os rendimentos variaram de 16% a
92% (Figura 25)
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Figura 25. Rota sintética para obtencdo dos tiaz6is DLT 01-22.
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Reagentes e condicoes: diferentes tiossemicarbazonas e a 2-Bromoacetofenona, agitacdo magnética,

temperatura ambiente, em solvente isopropanol, cerca de 3h de reagdo. Fonte: Elaborado pela autora.

As estruturas dos aril-1,3-tiazois (DLT 01-22) foram confirmadas por RMN de *H, *C e
IV. A analise espectroscopica na regido do infravermelho nos fornece as principais bandas de
absorcdo (Figura 26). A banda em 3090 cm™ sugere a deformacao axial N-H. Ja as bandas 1613
cm? e 1508 cm™ sugerem a C=N. A analise dos espectros de RMN de ‘H dos compostos (DL T
01-22) confirmou a estrutura de forma geral, porém ndo permitiu evidenciar claramente o sinal
referente ao metino localizado na posi¢do C5 no anel heterociclico, devido a sobreposi¢cdo com
sinais dos anéis aromaticos da estrutura. Entdo, para a confirmacdo da ciclizacdo, o sinal
diagnostico para esta classe de compostos € o carbono referente a este metino, sendo de facil
localizagdo, tendo & = 101-117 ppm, na RMN de **C.
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Figura 26. Exemplo de espectro de 1V, série DLT 01-22 (composto DLT-07)
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A Figura 27 apresenta um exemplo de espectro de RMN *H para série DLT 01-22, onde
foi constatada a presenca de um dubleto em 1.4 ppm, sinalizado pelo nimero (1), integrando
para trés hidrogénios, referente a metila ligada ao carbono que faz ligagdo com o oxigénio. Em
1.8 ppm, ha o sinal do singleto que integra para trés hidrogénios, com identificacdo de nimero
2, que corresponde a outra metila proxima ao carbono ligado a C=N. O nimero 3 identifica o
sinal de quadrupleto, em 4.9 ppm, integrando para 1 hidrogénio e € atribuido ao H do metino
que esta ligado ao oxigénio. E por fim, os sinais 4, 5, 6, em torno de 6.9 a 7.5 ppm, sdo 0s
hidrogénios aromaticos juntamente com o hidrogénio do C5 do anel tiazol, os quais estdo
distribuidos em multipletos, além do sinal em 7.8 ppm referente a dois hidrogénios do anel

aromatico.

Figura 27. Espectro de RMN H da molécula DLT-07
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A Figura 28 mostra 0 RMN **C do composto DLT-07, utilizado como referéncia. O
pico em 169.5 ppm, corresponde ao carbono da ligacdo S-C=N do anel tiazol, enquanto que
157.4 ppm corresponde ao carbono aromatico ligado ao oxigénio e 151.0 a ligacdo C=N. Ja 0
pico em 134.4 provavelmente corresponde ao C4 heterociclo. Os picos localizados entre 115.6
ppm e 129.5 ppm correspondem aos carbonos do anel aromatico. Em 103.9 ppm tem-se o pico
que corresponde ao carbono 5 do anel heterociclo, confirmando a formacéo do anel tiazol. Em
76.3 ppm, ha o carbono do metino ligado a CHz da parte alifatica da molécula e, por fim em

18.7 e 11.5 ppm corresponde as duas CHs presentes na molécula DLT-07.

Figura 28. Espectro de RMN de *C da molécula DLT-07.
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4.2 AVALIACAO IN SILICO DOS PARAMETROS FiSICO-QUIMICOS E
FARMACOCINETICOS

A Regra dos Cinco de Lipinski estabalece parametros que sdo importantes para a

farmacocinética e o desenvolvimento de farmacos. Os compostos devem atender aos seguintes
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critérios: a) peso molecular <500 Da; b) LogP <5 (ou MLogP <4,15); ¢) numero de aceitadores
de ligagdes de hidrogénio < 10; d) nimero de doadores de ligacao de hidrogénio <5. Considera-
se que o composto que obedece a pelo menos trés dos quatro critérios adere a Regra de Lipinski
(LIPINSKI et al., 1997). O PSA esta relacionado com a &rea de superficie polar e o seu valor
indica a predicdo da biodisponibilidade da molécula (maior biodisponibilidade quando PSA <
140 A% (VEBER et al., 2002). Portanto, as predicdes, in silico, farmacinéticas (ADME —
absorcdo, distribuicdo, metabolizacdo e excrecdo) e as propriedades fisico-quimicas dos
compostos foram calculadas. O programa SwissADME foi utilizado para o célculo dessas
predicdes. Trata-se de uma ferramenta da web de uso gratuito que avalia a farmacocinética e
seu perfil “druglikeness” (caracteristicas semelhantes do composto em relacdo a um farmaco).
A Tabela 1 apresenta os resultados obtidos e verfica-se que todos 0s compostos sintetizados
sdo compativeis com a Regra de Lipinski e Veber e mostraram PSA apropriado.

Tabela 1. Analise dos critérios da regra de Lipinski e VVeber calculados com SwissADME (http://swissadme.ch/)

Cpt. © R Peso LogP Aceitadores Doadores Ligacbes PSA
Molecular de ligacdo de rotaveis @
H ligacdo H
DLT-01 4-MeO 367.46 2.66 4 1 7 83.98
DLT-02 4-Cl 387.93 3.71 3 1 6 74.75
DLT-03 3-Br 416.33 3.60 3 1 6 74.75
DLT-04 4-(PhO) 445.58 3.99 4 1 8 83.98
DLT-05 4-Br 432.38 3.82 3 1 6 74.75
DLT-06 4-tBu 393.54 3.88 3 1 7 74.75
DLT-07 Ph 337.44 2.99 3 1 6 74.75
DLT-08 2-Ph 413.53 4.08 3 1 7 74.75
DLT-09 3-ClI 371.88 3.49 3 1 6 74.75
DLT-10 3-Ph 413.53 4.08 3 1 7 74.75
DLT-11 4-NO2 382.44 1.96 5 1 7 120.57
DLT-12 3-MeO 367.46 2.66 4 1 7 83.98
DLT-13 3,4-diCl 406.33 3.98 3 1 6 74.75
DLT-14  4-iPr 379.52 3.66 3 1 7 74.75
DLT-15 2-CI 371.88 3.49 3 1 6 74.75
DLT-16 4-F 355.43 3.37 4 1 6 74.75
DLT-17 2,3-diCl 406.33 3.98 3 1 6 74.75
DLT-18 3-ClI, 4F 389.87 3.87 4 1 6 74.75
DLT-19 B-naft 387.50 3.70 3 1 6 74.75
DLT-20 o-naft 387.50 3.70 3 1 6 74.75
DLT-21  4-Et 365.49 3.44 3 1 7 74.75
DLT-22 4-1 463.34 3.71 3 1 6 74.75
Notas:

(1) - composto; (2) - &rea de superficie polar
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A Tabela 2 apresenta o perfil ADME da série DLT 01-22. Com relagdo a
biodisponibilidade, espera-se o valor de 0,55 para todos os compostos, sendo assim maior que
o valor apresentado pela doxorrubicina (0,17). A maioria dos compostos apresentaram alta
absorcdo gastrointestinal e ndo atravessam a barreira hematoencefélica, de acordo com o
modelo preditivo BOILED-Egg (Brain Or IntestinaL EstimatedD método de permeagdo). Os
dados in silico sugerem um perfil “druglikeness” adequado para os compostos do tipo 1,3-
tiazois da serie DLT.

Tabela 2. Propriedades ADME dos compostos DLT 01-22

Compt. R Absorcéo Barreira Biodisponibilidade
gastrointestinal hematoencefélica

O

DLT-01 4-MeO Alta Nao 0.55
DLT-02 4-Cl Alta Nao 0.55
DLT-03 3-Br Alta Nao 0.55
DLT-04 4-(PhO) Baixa Nao 0.55
DLT-05 4-Br Alta Nao 0.55
DLT-06 4-tBu Alta Nao 0.55
DLT-07 Ph Alta Nao 0.55
DLT-08 2-Ph Alta Nao 0.55
DLT-09 3-Cl Alta Nao 0.55
DLT-10 3-Ph Alta Nao 0.55
DLT-11 4-NO3 Baixa Nao 0.55
DLT-12 3-MeO Alta Nao 0.55
DLT-13 3,4-diCl Alta Nao 0.55
DLT-14 4-iPr Alta Nao 0.55
DLT-15 2-Cl Alta Nao 0.55
DLT-16 4-F Alta Nao 0.55
DLT-17 2,3-diCl Alta Nao 0.55
DLT-18 3-Cl, 4F Alta Nao 0.55
DLT-19 B-naft Alta Nao 0.55
DLT-20 o-naft Alta Nao 0.55
DLT-21 4-Et Alta N&o 0.55
DLT-22 4-1 Alta N&o 0.55

Doxorrubicina - Baixa Nao 0.17
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4.2.1 Avaliacdo in vitro da atividade tripanocida de 1,3-tiazois

Nossos esforcos em relacdo a identificacdo de novas moléculas anti-T. cruzi, desde
2006, nos levaram a desenvolver tiosemicarbazonas, 1,3-tiazdis e 4-tiazolidinonas como
agentes tripanocidas. Em continuacdo a nossa pesquisa de moléculas bioativas, seguimos com
a apresentacdo da atividade bioldgica de novos 1,3-tiazdis. Apds a caracterizacao estrutural de
todos os compostos (DLT-01 a DLT-22), a toxicidade celular e atividade antiparasitaria foram
determinadas. Os 22 compostos (DLT-01 a DLT-22) foram testados frente a dois tipos de
linhagem celular do T. cruzi: tripomastigotas da cepa Y e as formas intracelulares da cepa
Tulahuen (lacZ C4) do T. cruzi, uma cepa transfectada que expressa o gene da f-galactosidase.
A primeira se trata de uma cepa moderadamente resistente a farmacos (Soeiro et al. 2013) e é
a forma evolutiva infectante em mamiferos. Nesse ensaio, os compostos (DLT 01-22) foram
incubados na presenca de tripomastigotas sanguineas da cepa Y por vinte e quatro horas e 0s
valores de CCso (UM) foram determinados.

A citotoxicidade desses compostos foi avaliada em ceélulas de fibroblastos L929
(fibroblastos de camundongos), sendo incubadas na presenca dos compostos (DLT 01-22) por
até noventa e seis horas. Os valores de DLsg (em puM) foram determinados (Tabela 3). Quanto
a cepa Tulahuen, os compostos foram triados a 10 M nestes ensaios (concentracdo da CCgo do
BZD) (Tabela 3).
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Tabela 3. Avaliagdo da citotoxicidade da série DLT frente a fibroblastos L929 e atividade tripanocida in vitro.

oo @ o o BT
M
SANRSY,
R// /
DLT-01 4-MeO  >400 >200 18,33+ 1,57 32,41+1243 1+18 >21
DLT-02 4-Cl >400 >200 9,44+0,79 21,43+3,88 00 >42,37
DLT-03 3-Br >400 >200 9,58 £0,2 12,38+0,36 24+34 >4175
DLT-04 4- >400 >200 986 £+098 23,07+311 6,2+7,7 >40,56
(PhO)Ph
DLT-05 4-Br >400 >200 1792+255 27,74+6,60 18+25 >2232
DLT-06 4-tBu >400 >200 36,11 + 6,29 >50 13,8+44 >11,07
DLT-07 - >400 >200 1411+7,14 18,15+9,29 99+35 >28,34
DLT-08 2-Ph >400 >200 39,66 + 4,63 >50 20,2 +2,3 >10
DLT-09 3-Cl >400 >200 13+5,43 17,79+8,07 129+1,7 >30,76
DLT-10 3-Ph >400 >200 17,72+ 0,08 23,85+ 0,08 74 +£5,2 >22,57
DLT-11 4-NO. 169,44 >200 9,95+0,86 16,52+655 54+6,2 17,04
DLT-12 3-MeO  >400 >200 20,35+2,26 33,33+13,08 13,7+6,5 >19,65
DLT-13 3,4-diCl 76,71 >200 9,88 + 0,62 16 £5,92 53+11 7,76
DLT-14 4-iPr >400 >200 44,72 + 2,75 >50 319 >8,94
DLT-15 2-Cl 176,71 >200 13,83 +581 1792+7,86 8,2+0,7 12,78
DLT-16 4-F >400 >200 1424 +599 2260+1,67 19,2+6,8 >28,08
DLT-17 2,3-diCl 165,41 >200 10,15+1 1691+6,75 9,7+24 16,29
DLT-18 3-Cl,4F >400 >200 12,47 +3,11 21,47+£201 89%0,2 32,07
DLT-19 B-naftil  >400 >200 15,77 £ 3,44 23,231 10,5+1,3 >25,36
DLT-20  o-naftil  >400 >200 11,68 +0,76 22,22+0,82 7,4+28 >34,24
DLT-21 4-Et >400 >200 >50 >50 4,8 +3,8 >8
DLT-22 4-1 >400 >200 17,19+279 23,88+120 02+0,3 >23,26
BZD - >1000 >200 8,67 +333 19,99+354 94,5+0,7 >115
Notas:

Atividade biolégica com CCso e CCyp em uM e indice de seletividade (1S= DLsog20/CChsarripo) SObre tripomastigotas

sanguineas da cepa Y do T. cruzi. Percentual de inibicdo em dose de 10uM sobre formas intracelulares da cepa

Tulahuen do T cruzi (incubagdo 96h). CC — concentracdo citotdxica; DL — dose letal; 1S — indice de seletividade.;

BZD - Benznidazol. Fonte. Elaborado pela autora.
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Os compostos DLT-02, DLT-03, DLT-04, DLT-11 e DLT-13 apresentaram os valores,
em tripomastigotas sanguineas, mais proximos ao farmaco de referéncia BZD (8,67uM)
exibindo, respectivamente, os seguintes valores de CCso: 9,44uM /9,58uM /9,86uM / 9,95uM
e 9,88uM. Esses compostos também apresentam resultados melhores que o tiazol nédo
substituido em seu anel aril (DLT-07). As modifica¢Ges estruturais presentes no anel aril dos
cinco compostos em questdo séo: 0 4-Cl (DLT-02), o 3-Br (DLT-03), 4-(fenoxi) fenil (DLT-
04), 4-NO, (DLT-11) e 3,4diCl (DLT-13) e dentre eles, o composto DLT-02 foi mais ativo.
Em relacdo aos compostos mais ativos que o composto ndo substituido, além dos ja citados
acima, tém-se os compostos DLT-09 (3-Cl), DLT-15 (2-Cl), DLT-17 (2,3diCl), DLT-18 (3-
Cl, 4-F) e DLT-20 (B-naftil). De forma geral, verifica-se que a presenca de substituintes no anel
aril, independentemente da posicao e natureza, foi benéfica na maioria das vezes.

Sobre a citotoxicidade desses compostos, destaca-se que em sua maioria, a viabilidade
das celulas hospedeiras ndo foi afetada em concentracfes de até 400 uM, exceto para apenas
quatro moléculas: DLT-11, DLT-13, DLT-15e DLT-17. Os melhores indices de seletividades
(1S) obtidos foram dos compostos DLT-02, DLT-03, DLT-04, DLT-09, DLT-18 e DLT-20.

Como citado anteriormente, 0os compostos também foram avaliados frente as formas
intracelulares da cepa Tulahuen, em uma triagem com dose de 10 uM. O destaque vai para o
composto DLT-10, que apresentou percentual de inibicao de 74%, valor relativamente proximo
ao BZD. A molécula possui uma fenila na posicdo 3 do anel aril. Posteriormente a essa triagem,
foi realizada o ensaio onde foi encontrado o valor de CCso para 0 DLT-10 em cepa Tulahuen.
O valor foi de 8,13 £ 1,66 (uM), enquanto que 0 BZD apresentou CC50 no valor de 3,02 + 0,94
(uM).

No trabalho de MAGALHAES MOREIRA et al., 2014, tém-se as tiossemicarbazonas
intermediarias dos tiazdis aqui sintetizados, as quais foram testadas também em
tripomastigotas, porém, as derivadas de cultura celular da cepa Y. Foi possivel constatar os
casos em gue 0s compostos ciclicos foram mais ativos que os seus intermediarios, sdo eles:
DLT-01, DLT-02, DLT-16 e DLT-17. Ainda sobre os compostos intermediarios, verificou-se
que a ciclizacdo proporcionou a reducdo da citotoxicidade dos compostos. Os compostos
ciclicos (DLT 01-22) foram avaliados frente a fibroblastos L929 e as tiossemicarbazonas
intermediarias foram avaliadas frente a esplendcitos.

As variagdes na posicdo (orto, meta, para) do atomo de cloro ligado ao fenil
proporcionaram variagfes na atividade anti-T. cruzi, na citotoxicidade e seletividade. A

substituicdo em para demonstrou um melhor resultado (DLT-02 - CCso = 9,44uM / LDso =
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>400/ 1S = >42,37). Compostos cujos o0s substituintes bifenil e bromo estéo na posicdo meta no
anel fenil apresentaram melhores valores de CCso. Portanto, isto sugere que a natureza do
substituinte é importante para a atividade, bem como a sua posi¢do ao longo do anel fenil.

O efeito de substituintes doadores de elétrons ou de retiradores de elétrons para os tiazois
também foi verificado. No que diz respeito aos substituintes retiradores de elétrons,
substituintes desativadores fortes, como o0 grupo nitro, mostrou ser ativo, no entanto, a
citotoxicidade e consequentemente o IS ndo foram tdo significativos. O bromo e iodo,
substituintes retiradores fracos de elétrons, a depender de suas posicOes, apresentaram
moléculas mais ativas e outras menos ativas que o nitro, e praticamente todas exibiram um
melhor IS quando comparado ao nitro. Quanto aos substituintes doadores de elétrons
moderados, o derivado 4-met6xi ndo foi um dos mais ativos e sua seletividade ndo esta entre as
melhores, enquanto a molécula com o substituinte 4-fenoxi foi uma das mais ativas da serie,
além de apresentar um dos melhores valores de IS. Considerando os 1,3-tiazois que contém
halogénios, fenoxi e bifenil exibiram atividade anti-T. cruzi mais elevada, pode-se sugerir que
as propriedades hidrofobicas, o volume e a polarizabilidade (no caso de halogénios) sdo
possiveis fatores envolvidos na atividade observada (HERNANDES et al., 2010).

Figura 29. Estruturas de tiazéis com menores valores de CCsg
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Fonte. Elaborado pela autora.
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4.3 CONCLUSAO

Os derivados 1,3-tiazdis foram sintetizados, elucidados por RMN 3C, RMN !H e IV.
Os parametros farmacinéticos foram avaliados e 0s compostos, em sua maioria, estavam dentro
dos critérios estabelecidos. Os tiazois foram também valiados frente & forma tripomastigota
sanguinea da cepa Y e também a cepa Tulahuen. Os compostos DLT-02, DLT-03, DLT-04,
DLT-11 e DLT-13 exibiram os melhores resultados em tripomastigotas sanguineas, por
apresentarem valores préoximos ao BZD. Na triagem realizada frente a cepa Tulahuen, o
composto DLT-10 exibiu percentual de inibi¢cdo de 74% e com valor de CCso de 8,13 + 1,66.

4.4 PARTE EXPERIMENTAL

Os reagentes quimicos foram adquiridos da Sigma Aldrich, Fluka, Vetec ou Acros
Organics e os solventes foram provenientes da Vetec ou Dinamica. O solvente deuterado
(DMSO-d6) é da marca Sigma-Aldrich e as tiossemicarbazidas foram adquiridas também pela
Sigma-Aldrich. As reagdes foram acompanhadas por cromatografia de camada delgada (CCD)
utilizando silica-gel 60 contendo indicador fluorescente F254. As placas cromatograficas foram
visualizadas em uma lampada ultravioleta (com duplo comprimento de onda 365 ou 254nm).
As reacdes mediadas por irradiacdo no ultrassom foram realizadas em um ultrassom modelo
Unique EM-804 TGR usando frequéncia de 40 KHz (180 W), com a utilizacdo de seu
aquecimento, em torno de 40°C. Os pontos de fusdo foram medidos em capilares usando um
aparelho de Thomas Hoover. Para todos os compostos foram feitas as analises de RMN (*H e
13C) e DEPT. Os espectros de RMN *H e 13C foram adquiridos nos instrumentos Varian modelo
Unity Plus (400 MHz para 1H; 100 MHz para 13C) ou Bruker AMX (300 MHz para 'H e 75.5
MHz para o *C), usando o tetrametilsilano como padréo interno. A multiplicidade dos sinais
nos espectros de RMN *H foram designadas da seguinte forma: s / singleto; d / dubleto; t /

tripleto; g / quadrupleto.
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4.4.1 Série dos 1,3-tiazois
Sintese do DLT-01, (E)-2-(2-(3-(4-metoxifenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

OW)\\N/H _N
SRRy,

Em baldo de fundo redondo, foram adicionados 1.1 mmols da respectiva tiossemicarbazona
previamente obtida, 1.1 mmols de 2-bromoacetofenona e 30mL de &lcool isopropilico, sob
agitacdo magnética e temperatura ambiente durante 50 minutos. Um precipitado de coloragéo
bege foi obtido. Guardou-se em geladeira por um dia e, posteriormente, o pé foi separado do
sobrenadante em funil de Biichner com filtro sinterizado, lavado com isopropanol e depois

colocado no dessecador sob vacuo.

P6 de coloracdo branca; PF: 113-114 °C; Rend.: 68% ; Rf: 0,53 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm™): 3099 (N-H), 1615 (C=N), 1508 (C=N).

RMN de *H (300 MHz, DMSO-ds): 1.4 (d, J = 6.6 Hz, 3H, CH3), 1.8 (s, 3H, CHa), 3.6 (s, 3H,
O-CHa), 4.8 (g, J = 6.5 Hz, 1H, CH), 6.8 (m, 4H, Ar), 7.2 (d, 1H, Ar), 7.4 (t, 2H, Ar), 7.8 (d,
2H, Ar).

RMN de 3C e DEPT (75.5 MHz, DMSO-dg): 11.5 (CHs), 18.7 (CHs), 55.2 (CH3-0), 77.0
(CH), 103.9 (C, tiazol), 114.5 (CH, Ar), 116.9 (CH, Ar), 125.5 (CH, Ar), 127.5 (CH, Ar), 128.5
(CH, Ar), 134.3 (C, Ar), 149.7 (C, Ar), 151.2 (C, tiazol), 151.5 (C, Ar), 153.6 (C=N), 169.5 (S-
C=N). HRMS: 368,145 [M+H] +

Sintese do DLT-02, (E)-2-(2-(3-(4-clorofenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol
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Y0

O procedimento reacional foi semelhante ao item anterior (sintese DLT-01). O tempo reacional
foi de aproximadamente 50 minutos. Um precipitado de coloracdo amarelada foi obtido.
Guardou-se em geladeira por um dia e, posteriormente, o p6 foi separado do sobrenadante em
funil de Bichner com filtro sinterizado, lavado com isopropanol e depois colocado no

dessecador sob vacuo.

P6 de coloracdo amarelada; PF: 160-161 °C; Rend.: 87% ; Rf: 0,44 (Ciclohexano / Acetato de
etila 8:2).

IV, principais sinais (KBr, cm™): 3070 (NH), 1627 (C=N), 1512 (C=N).

RMN de *H (300 MHz, DMSO-ds): 1.4 (d, J = 6.3 Hz, 3H, CHa), 1.8 (s, 3H, CH3), 4.4 (s
largo, 1H, NH), 4.9 (g, J = 6.5 Hz 1H, CH-CHBa), 6.9 (m, 2H, Ar), 7.3 (m, 6H, Ar), 7.8 (d, 2H,
Ar).

RMN de 3C e DEPT (75.5 MHz, DMSO-dg): 11.5 (CHs), 18.5 (CHs), 76.6 (CH), 103.9 (C,
tiazol), 117.4 (CH, Ar), 124.6 (CIC), 125.5 (CH, Ar), 127.5 (CH, Ar), 128.2 (CH, Ar), 128.5
(CH, Ar), 129.2 (C, Ar), 134.5 (C, tiazol), 150.2 (C, Ar), 156.2 (C=N), 169.5 (S-C=N). HRMS:
372,098 [M+H] +

Sintese do DLT-03, (E)-2-(2-(3-(3-bromofenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

H
Br (0] N N N
A \H\N/ Y
_ s/
O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de

aproximadamente 60 minutos. Um precipitado de coloracdo amarelada foi obtido. Guardou-se
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em geladeira por um dia e, posteriormente, 0 p6 foi separado do sobrenadante em funil de
Buchner com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob

VAcuo.

Pé de coloracdo amarelada; PF: 171-173 °C; Rend.: 91% ; Rf: 0,57 (Ciclohexano / Acetato de
etila 8:2).

IV, principais sinais (KBr, cm?): 1613 (C=N), 1505 (C=N).

RMN de 'H (300 MHz, DMSO-dg): 1.4 (d, J = 6.6 Hz, 3H, CHs), 1.8 (s, 3H, CH3), 5.0 (9, J
= 6.4 Hz, 1H, CH-CHa), 6.9 (d, 1H, Ar), 7.1 (d, 1H, Ar), 7.3 (m, 5H, Ar), 7.4 (t, 2H, Ar), 7.8
(d, 2H, Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-de): 11.6 (CHs), 18.4 (CHs), 76.7 (CH), 104.0 (C,
tiazol), 115.1 (CH, Ar), 118.5 (CH, Ar), 121.9 (CH, Ar), 123.8 (BrC), 125.5 (CH, Ar), 127.5
(CH, Ar), 128.6 (CH, Ar), 131.1 (C, Ar), 134.4 (C, tiazol), 150.1 (C, Ar),158.3 (C=N), 169.5
(S-C=N). HRMS: 416,023 [M+H] +

Sintese do DLT-04, (E)-2-(2-(3-(4-fenoxifenoxi) butan-2-ilideno)hidrazinil)-4-feniltiazol

A0

O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 40 minutos. Um precipitado de coloracdo amarelada foi obtido. Guardou-se
em geladeira por um dia e, posteriormente, o p6 foi separado do sobrenadante em funil de
Buchner com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob

Vacuo.

P6 de coloracdo amarelada; PF: 134-137 °C; Rend.: 48% ; Rf: 0,4 (Ciclohexano / Acetato de
etila 8:2).

IV, principais sinais (KBr, cm™): 1620 (C=N), 1505 (C=N).
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RMN de H (300 MHz, DMSO-ds): 1.4 (d, J = 6.3, Hz 3H, CH3), 1.9 (s, 3H, CHs), 4.9 (q, J
= 6.5 Hz, 1H, CH-CH5), 5.9 (s largo, 1H, NH), 6.9 (m, 6H, Ar), 7.2 (m, 4H, Ar), 7.3 (m, 3H,
Ar), 7.8 (d, 2H, Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-ds): 11.6 (CHs), 18.6 (CH3), 76.9 (CH), 103.9 (C,
tiazol), 117.1 (CH, Ar), 117.4 (CH, Ar), 120.4 (CH, Ar), 122.6 (CH, Ar), 125.5 (CH, Ar), 127.4
(CH, Ar), 128.5 (CH, Ar), 129.8 (C, Ar), 134.5 (C, Ar, O-Ph), 149.8 (C, tiazol), 150.7 (C, Ar),
153.6 (C=N), 157.7 (C, Ar, O-Ph), 169.5 (S-C=N). HRMS: 430,127 [M+H] +

Sintese do DLT-05, (E)-2-(2-(3-(4-bromofenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

(o] \/n N

O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 1 hora e 10 minutos. Um precipitado de coloracdo branca foi obtido. O
precipitado foi separado do sobrenadante em funil de Buchner com filtro sinterizado, lavado

com isopropanol e depois colocado no dessecador sob vacuo.

P6 de coloracdo branca; PF: 154-155 °C; Rend.: 91% ; Rf: 0,43 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm™): 3037 (NH), 1620 (C=N).

RMN de 'H (300 MHz, DMSO-dg): 1.4 (d, J = 6.6 Hz, 3H, CH3), 1.8 (s, 3H, CH3), 4.9 (q, J
= 6.5 Hz, 1H, CH-CHz3), 6.9 (m, 2H, Ar), 7.3 (m, 2H, Ar), 7.4 (m, 4H, Ar), 7.8 (m, 2H, Ar).
RMN de '3C e DEPT (75.5 MHz, DMSO-ds): 11.6 (CHs3), 18.5 (CHs3), 76.7 (CH), 103.9 (C,
tiazol), 112.3 (BrC), 118.0 (CH, Ar), 125.5 (CH, Ar), 127.5 (CH, Ar), 128.5 (CH, Ar), 132.1
(C, Ar), 134.5 (C, tiazol), 150.3 (C=N), 156.6 (C, Ar), 169.5 (S-C=N). HRMS: 416,000 [M+H]

+

Sintese do DLT-06, (E)-2-(2-(3-(4-(terc-butil)fenoxi)butan-2-ilideno)hidrazinil)-4-

feniltiazol
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O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 2 horas. Um precipitado de coloracdo amarelada e cristalino foi obtido.
Guardou-se em geladeira por um dia e, posteriormente, o p6 foi separado do sobrenadante em
funil de Biichner com filtro sinterizado, lavado com isopropanol e depois colocado no

dessecador sob vacuo.

Cristal de coloragdo amarelada; PF: 149-151 °C; Rend.: 92% ; Rf: 0,67 (Ciclohexano / Acetato
de etila 8:2).

IV, principais sinais (KBr, cm?): 1627 (C=N).

RMN de *H (300 MHz, DMSO-dg): 1.0 (d, 3H, CH3), 1.2 (s, 9H, CH3-Ar), 1.4 (d, J = 6.3 Hz,
3H, CH3), 1.8 (s, 3H, CH3), 4.9 (q, J = 6.4 Hz, 1H, CH-CHj3), 5.1 (s largo, 1H, NH), 6.9 (m,
3H, Ar), 7.3 (m, 5H, Ar), 7.8 (d, 2H, Ar).

RMN de 2*C e DEPT (75.5 MHz, DMSO-ds): 11.4 (CHs), 18.7 (CHs), 31.2 (CH3), 33.7 (CH),
76.6 (CH), 103.9 (C, tiazol), 115.0 (CH, Ar), 125.5 (CH, Ar), 126.0 (CH, Ar), 127.4 (CH, Ar),

128.5 (CH, Ar), 134.6 (C, Ar), 143.0 (C=N), 155.1 (S-C=N). HRMS: 394,181 [M+H] +

Sintese do DLT-07, (E)-2-(2-(3-fenoxibutan-2-ilideno)hidrazinil)-4-feniltiazol

YO
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O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 2 horas. Um precipitado de coloracdo branca foi obtido. Guardou-se em
geladeira por um dia e, posteriormente, o pé foi separado do sobrenadante em funil de Blichner
com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

Pé de coloracédo branca; PF: 168-169 °C; Rend.: 42% ; Rf: 0,67 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm™): 1613 (C=N).

RMN de 'H (300 MHz, DMSO-dg): 1.4 (d, J = 6.6 Hz, 3H, CHs), 1.8 (s, 3H, CH3), 4.9 (q, J
= 6.4 Hz, 1H, CH-CHg), 6.9 (m, 3H, Ar), 7.3 (m, 6H, Ar), 7.8 (m, 2H, Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-de): 11.5 (CHs), 18.7 (CHs), 76.3 (CH), 103.9 (C,
tiazol), 115.6 (CH, Ar), 120.9 (CH, Ar), 125.5 (CH, Ar), 127.5 (CH, Ar), 128.5 (CH, Ar), 129.5
(C, Ar), 134.4 (C, tiazol), 151.0 (C=N), 157.4 (C, Ar), 169.5 (S-C=N). HRMS: 338,110 [M+H]

+

Sintese do DLT-08, (E)-2-(2-(3-([1,1'-bifenil]-2-iloxi)butan-2-ilideno)hidrazinil)-4-

feniltiazol

O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de

aproximadamente de 2 horas. Um precipitado de coloracdo rosa foi obtido. Guardou-se em
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geladeira por um dia e, posteriormente, o pé foi separado do sobrenadante em funil de Blichner

com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

Pé de coloracdo branca; PF: 147-149 °C; Rend.: 76% ; Rf: 0,59 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm?): 1627 (C=N).

RMN de ‘H (300 MHz, DMSO-ds): 1.3 (d, J = 6.3 Hz, 3H, CH3), 1.8 (s, 3H, CHs), 4.9 (g, J
= 6.5 Hz, 1H, CH-CHa), 5.6 (s largo, 1H, NH), 7.0 (t, 2H, Ar), 7.2 (d, 2H, Ar), 7.4 (m, 9H, Ar),
7.8 (d, 2H, Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-de): 11.7 (CHs), 18.5 (CHs), 76.9 (CH), 103.9 (C,
tiazol), 114.5 (CH, Ar), 121.3 (CH, Ar), 125.5 (CH, Ar), 126.8 (CH, Ar), 127.5 (CH, Ar), 127.9
(CH, Ar), 128.5 (CH, Ar), 128.6 (CH, Ar), 129.2 (CH, Ar), 130.6 (C, Ar), 130.7 (C, Ar), 138.1
(C, tiazol), 150.7 (C, Ar), 154.0 (C=N), 169.5 (S-C=N). HRMS: 414,087 [M+H] +

Sintese do DLT-09, (E)-2-(2-(3-(3-clorofenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

H
Cl o A N N
W)\N/ Y
i/
O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 50 minutos. Um precipitado de coloracdo bege foi obtido. Guardou-se em

geladeira por um dia e, posteriormente, o p6 foi separado do sobrenadante em funil de Blichner

com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

P6 de coloracdo branca; PF: 176-177 °C; Rend.: 93% ; Rf: 0,57 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm?): 1627 (C=N).
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RMN de H (300 MHz, DMSO-de): 2.0 (d, J = 6.6 Hz, 3H, CHs), 3.1 (s, 3H, CH3), 4.2 (s
largo, 1H, NH), 5.6 (9, J = 6.4 Hz, 1H, CH-CH3), 7.5 (m, 2H, Ar), 7.6 (m, 1H, Ar), 7.8 (m, 3H,
Ar), 8.0 (t, 2H, Ar), 8.4 (d, 1H, Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-ds): 11.6 (CHs), 18.5 (CH3), 76.8 (CH), 104.0 (C,
tiazol), 114.7 (CH, Ar), 115.7 (CH, Ar), 120.9 (CH, Ar), 125.5 (CH, Ar), 127.5 (CH, Ar), 128.5
(CH, Ar), 130.8 (C, Ar), 133.5 (C-ClI), 134.6 (C, tiazol), 149.9 (C=N), 158.3 (C, Ar), 169.5 (S-
C=N). HRMS: 372,052 [M+H] +

Sintese do DLT-10, (E)-2-(2-(3-([1,1'-biphenyl]-3-iloxi)butan-2-ilideno)hidrazinil)-4-

feniltiazol

O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 60 minutos. Um precipitado de coloracdo amarelada foi obtido. Guardou-se
em geladeira por um dia e, posteriormente, o po foi separado do sobrenadante em funil de
Buchner com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob

VAcuo.

P6 de coloracdo amarelada; PF: 106-109 °C; Rend.: 16% ; Rf: 0,51 (Ciclohexano / Acetato de
etila 8:2).

IV, principais sinais (KBr, cm™): 1620 (C=N).

RMN de H (300 MHz, DMSO-ds): 1.6 (d, J = 6.3 Hz, 3H, CHa), 2.5 (s, 3H, CH3), 4.5 (s
largo, 1H, NH), 5.7 (q, J = 6.4 Hz, 1H, CH-CH3), 7.5 (d, 2H, Ar), 7.9 (m, 10H, Ar), 8.2 (d, 2H,
Ar), 8.4 (d, 1H, Ar).

RMN de °C e DEPT (75.5 MHz, DMSO-ds): 11.4 (CH3), 18.7 (CHs), 76.5 (CH), 103.9 (C,
tiazol), 113.6 (CH, Ar), 115.0 (CH, Ar), 116.1 (CH, Ar), 119.2 (CH, Ar), 125.5 (CH,Ar), 126.1
(CH, Ar), 126.6 (CH, Ar), 127.5 (CH, Ar), 128.3 (CH, Ar), 128.8 (CH, Ar), 129.9 (CH, Ar),
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134.5 (C, Ar), 139.7 (C, Ar), 141.4 (C, Ar), 150.0 (C, tiazol), 150.8 (C=N), 157.9 (C, Ar), 169.5
(S-C=N). HRMS: 414,110 [M+H] +

Sintese do DLT-11, (E)-2-(2-(3-(4-nitrofenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

(o] A /H /N
-0

O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 3 horas. Um precipitado de coloracdo amarelada foi obtido. Guardou-se em
geladeira por um dia e, posteriormente, o p6 foi separado do sobrenadante em funil de Bilichner

com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

P6 de coloracdo amarelada; PF: 179-181 °C; Rend.: 89% ; Rf: 0,46 (Ciclohexano / Acetato de
etila 8:2).

IV, principais sinais (KBr, cm?): 1613 (C=N).

RMN de H (300 MHz, DMSO-ds): 1.5 (d, J = 6.3 Hz, 3H, CHa), 1.9 (s, 3H, CH3), 4.2 (s
largo, 1H, NH), 5.2 (q, J = 6.4 Hz, 1H, CH-CHa), 7.3 (m, 5H, Ar), 7.8 (d, 3H, Ar), 8.2 (m, 2H,
Ar).

RMN de °C e DEPT (75.5 MHz, DMSO-ds): 11.9 (CHgs), 18.3 (CHs), 77.2 (CH), 104.0 (C,
tiazol), 125.4 (CH, Ar), 125.7 (CH, Ar), 127.4 (CH, Ar), 127.7 (CH, Ar), 128.2 (CH, Ar), 128.5
(CH, Ar), 133.5 (CH, Ar), 134.5 (CH, Ar), 140.9 (CH, Ar), 149.0 (C, Ar), 150.1 (C-NO), 162.8
(C, tiazol), 167.3 (C=N), 168.3 (Ar, C), 169.5 (S-C=N). HRMS: 383,110 [M+H] +

Sintese do DLT-12, (E)-2-(2-(3-(3-metoxifenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol
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O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 50 minutos. Um precipitado de coloracéo branca foi obtido. Guardou-se em
geladeira por um dia e, posteriormente, o pd foi separado do sobrenadante em funil de Blichner
com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

P6 de coloracédo branca; PF: 146-149 °C; Rend.: 90% ; Rf: 0,58 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm?): 1613 (C=N).

RMN de *H (300 MHz, DMSO-de): : 1.4 (d, J = 6.3 Hz, 3H, CH3), 1.8 (s, 3H, CH3), 3.6 (s,
3H, O-CHz), 4.8 (9, J = 6.4 Hz, 1H, CH-CH3), 6.4 (m, 3H, Ar), 7.1 (t, 2H, Ar), 7.4 (m, 4H, Ar),
7.8 (m, 2H, Ar).

RMN de 3C e DEPT (75.5 MHz, DMSO-ds): 11.4 (CHs), 18.7 (CHs), 54.9 (CH), 76.3 (CH),
101.6 (CH, Ar), 103.9 (C, tiazol), 106.6 (CH, Ar), 107.8 (CH, Ar), 125.5 (CH, Ar), 127.5 (CH,
Ar), 128.5 (C, Ar), 129.8 (CH, Ar), 134.4 (C, tiazol), 151.0 (C=N), 158.6 (C, Ar), 160.3 (C,
Ar), 169.5 (S-C=N). HRMS: 376,286 [M+H] +

Sintese do DL T-13, (E)-2-(2-(3-(3,4-diclorofenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

H
Cl o N N N
j)\N/ Y
‘Y
Cl
O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de

aproximadamente 1 hora. Um precipitado de coloragdo branca foi obtido. Guardou-se em
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geladeira por alguns minutos e, posteriormente, o pé foi separado do sobrenadante em funil de
Buchner com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob

VAcuo.

P6 de coloracéo branca; PF: 170-172 °C; Rend.: 91% ; Rf: 0,58 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm™): 1613 (C=N).

RMN de *H (300 MHz, DMSO-dg): 1.4 (d, 3 J = 6.1 Hz, H, CH3), 1.8 (s, 3H, CH3), 4.4 (s
largo, 1H, NH), 5.0 (g, J = 6.3 Hz, 1H, CH-CH3), 6.9 (m, 1H, Ar), 7.4 (m, 6H, Ar), 7.8 (m, 2H,
Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-ds): 11.6 (CHs), 18.3 (CH3), 76.9 (CH), 104.0 (C,
tiazol), 116.6 (CH, Ar), 117.6 (CH, Ar), 122.7 (C-Cl), 125.4 (CH, Ar), 127.5 (CH, Ar), 128.2
(CH, Ar), 1285 (CH, Ar), 130.9 (C, Ar), 131.4 (C-ClI), 134.4 (C, tiazol), 149.9 (C=N), 156.8
(C, Ar), 169.5 (S-C=N). HRMS: 406,019 [M+H] +

Sintese do DLT-14, (E)-2-(2-(3-(4-isopropilfenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 1 hora. Um precipitado de coloracdo avermelhada foi obtido. Guardou-se em
geladeira por um dia e, posteriormente, o pé foi separado do sobrenadante em funil de Blichner

com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

P6 de coloracdo avermelhada; PF: 109-113 °C; Rend.: 51% ; Rf: 0,66 (Ciclohexano / Acetato
de etila 8:2).

IV, principais sinais (KBr, cm™): 1620 (C=N).
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RMN de 'H (300 MHz, DMSO-dg): 1.1 (d, 6H, CH3-CH-CHj3), 1.4 (d, J = 6.0 Hz, 3H, CHj3),
1.8 (s, 3H, CH3), 2.7 (m, 1H, CHs-CH-CHj3), 4.4 (s large, 1H, NH), 4.9 (q, J = 5.7 Hz, 1H, CH-
CHs), 6.8 (d, 2H, Ar), 7.1 (d, 2H, Ar), 7.4 (m, 4H, Ar), 7.8 (d, 2H, Ar).

RMN de 13C e DEPT (75.5 MHz, DMSO-dg): 11.5 (CH3), 18.7 (CH3), 24.0 (CH3), 32.5 (CHs),
76.2 (CH), 103.9 (C, tiazol), 115.4 (CH, Ar), 125.5 (CH, Ar), 127.0 (CH, Ar), 127.5 (CH, Ar),
127.8 (CH, Ar), 128.2 (CH, Ar), 128.5 (CH, Ar), 134.4 (CH, Ar), 140.8 (C, Ar), 149.9 (C,
tiazol), 151.2 (C, Ar), 155.4 (C=N), 169.5 (S-C=N). HRMS: 380,175 [M+H] +

Sintese do DLT-15, (E)-2-(2-(3-(2-clorofenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

H
(0] NN N N
W)\N/ Y
‘Y
Cl
O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente durante 40 minutos. Um precipitado de coloracdo branca foi obtido.

Posteriormente, o pé foi separado do sobrenadante em funil de Biichner com filtro sinterizado,

lavado com isopropanol e depois colocado no dessecador sob vacuo.

P6 de coloracdo branca; PF: 173-176 °C; Rend.: 90% ; Rf: 0,63 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm?): 1627 (C=N).

RMN de 'H (300 MHz, DMSO-dg): 1.4 (d, J = 6.6 Hz, 3H, CH3), 1.9 (s, 3H, CH3), 5.0 (q, J
= 6.3 Hz, 1H, CH-CHz3), 6.9 (m, 2H, Ar), 7.2 (m, 7H, Ar), 7.8 (d, 2H, Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-ds): 11.6 (CHs), 18.4 (CHs), 77.6 (CH), 104.0 (C,
tiazol), 115.9 (CH, Ar), 122.0 (CH, Ar), 122.2 (CIC), 125.5 (CH, Ar), 127.5 (CH, Ar), 128.0
(CH, Ar),128.5 (CH, Ar), 130.0 (CH, Ar), 134.3 (C, Ar), 149.8 (C, tiazol), 150.2 (C, Ar), 152.6
(C=N), 169.5 (S-C=N). HRMS: 372,092 [M+H] +

Sintese do DLT-16, (E)-2-(2-(3-(4-fluorofenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol
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Jennacse

O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 2 horas. Um precipitado de coloracdo amarelada foi obtido. Guardou-se em
geladeira por um dia e, posteriormente, o pé foi separado do sobrenadante em funil de Biichner
com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

P6 de coloracdo amarelada; PF: 145-147 °C; Rend.: 88% ; Rf: 0,59 (Ciclohexano / Acetato de
etila 8:2).

IV, principais sinais (KBr, cm™): 1620 (C=N).

RMN de H (300 MHz, DMSO-ds): 1.4 (d, J = 6.6 Hz, 3H, CHa), 1.9 (s, 3H, CHs), 4.5 (s
largo, 1H, NH), 4.9 (g, J = 6.3 Hz, 1H, CH-CHs), 7.0 (m, 6H, Ar), 7.4 (m, 3H, Ar), 7.8 (d, 1H,
Ar).

RMN de 13C e DEPT (75.5 MHz, DMSO-ds): 11.6 (CH3), 18.6 (CHs), 77.1 (CH), 103.9 (C,
tiazol), 115.6 (CH, Ar), 115.9 (CH, Ar), 117.1 (CH, Ar), 125.5 (CH, Ar), 127.5 (CH, Ar), 127.8
(CH, Ar),128.2 (CH, Ar), 128.5 (CH, Ar), 133.7 (CH, Ar), 134.4 (C, Ar), 149.9 (C, tiazol),
150.7 (C, Ar), 151.6 (FC), 153.6 (C=N), 169.5 (S-C=N). HRMS: 356,085 [M+H] +

Sintese do DLT-17, (E)-2-(2-(3-(2,3-diclorofenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

oI A s
Q% -0
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O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 40 minutos. Um precipitado de coloragdo branca foi obtido. Guardou-se em
geladeira por um dia e, posteriormente, o pd foi separado do sobrenadante em funil de Blichner

com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

Pé de coloracédo branca; PF: 182-184 °C; Rend.: 87% ; Rf: 0,63 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm™): 1620 (C=N).

RMN de *H (300 MHz, DMSO-ds): 1.5 (d, J = 6.6 Hz, 3H, CHs), 1.9 (s, 3H, CH3), 4.9 (s
largo, 1H, NH), 5.1 (9, J = 6.3 Hz, 1H, CH-CH3), 7.3 (m, 7H, Ar), 7.8 (d, 2H, Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-ds): 11.7 (CHs), 18.3 (CH3), 77.8 (CH), 104.0 (C,
tiazol), 114.1 (CH, Ar), 120.9 (CH, Ar), 122.4 (C-Cl), 125.5 (CH, Ar), 127.5 (CH, Ar), 127.8
(CH, Ar), 128.2 (CH, Ar), 1285 (C, Ar), 132.3 (C-Cl), 134.3 (C, Ar), 149.9 (C, tiazol), 149.8
(C, Ar), 154.2 (C=N), 169.5 (S-C=N). HRMS: 405,957 [M+H] +

Sintese do DLT-18, (E)-2-(2-(3-(3-cloro-4-fluorofenoxi)butan-2-ilideno)hidrazinil)-4-

feniltiazol

H
cl (o N N N
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O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 40 minutos. Um precipitado de coloracdo branca foi obtido. Guardou-se em

geladeira por um dia e, posteriormente, o p6 foi separado do sobrenadante em funil de Biichner

com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

P6 de coloracdo branca; PF: 139-142 °C; Rend.: 83% ; Rf: 0,57 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm™): 1620 (C=N).
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RMN de H (300 MHz, DMSO-ds): 1.4 (d, J = 6.3 Hz, 3H, CH3), 1.9 (s, 3H, CHs), 4.9 (q, J
= 6.4 Hz, 1H, CH-CH3), 6.9 (m, 2H, Ar), 7.3 (m, 6H, Ar), 7.8 (d, 2H, Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-ds): 11.6 (CHs), 18.3 (CH3), 77.4 (CH), 104.0 (C,
tiazol), 116.3 (CH, Ar), 117.0 (CH, Ar), 117.2 (CH, Ar), 117.3 (CIC), 125.4 (CH, Ar), 127.4
(CH, Ar), 128.5 (CH, Ar), 134.5 (C, Ar), 149.9 (FC), 150.3 (C, Ar), 153.9 (C=N), 169.5 (S-
C=N). HRMS: 390,084 [M+H] +

Sintese do DLT-19, (E)-2-(2-(3-(naftalen-2-iloxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

H
o) N N N
\H\N/ Y
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O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 1 hora. Um precipitado de coloracdo branca foi obtido. Guardou-se em

geladeira por um dia e, posteriormente, o p6 foi separado do sobrenadante em funil de Biichner

com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

P6 de coloracdo branca; PF: 158-160 °C; Rend.: 82% ; Rf: 0,62 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm™): 1620 (C=N).

RMN de H (300 MHz, DMSO-ds): 1.5 (d, J = 6.6 Hz, 3H, CH3), 1.9 (s, 3H, CH3), 4.2 (s
largo, 1H, NH), 5.1 (9, J = 6.3 Hz, 1H, CH-CH3), 7.1-7.4 (m, 10H, Ar), 7.7 (d, 1H, Ar), 7.8 (m,
2H, Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-ds): 11.5 (CH3), 18.5 (CHs), 76.5 (CH), 103.9 (C,
tiazol), 108.8 (CH, Ar), 119.1 (CH, Ar), 123.7 (CH, Ar), 125.5 (CH, Ar), 126.4 (CH, Ar), 126.5
(CH, Ar), 127.4 (CH, Ar), 127.8 (CH, Ar), 128.2 (CH, Ar), 128.5 (CH, Ar), 129.3 (CH, Ar),
133.9 (CH, Ar), 134.5 (C, tiazol), 150.0 (C, Ar), 150.6 (C=N), 155.2 (C, Ar), 169.6 (S-C=N).
HRMS: 388,143 [M+H] +

Sintese do DLT-20, (E)-2-(2-(3-(naftalen-1-iloxi)butan-2-ilideno)hidrazinil)-4-feniltiazol
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O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 50 minutos. Um precipitado de coloracdo branca foi obtido. Guardou-se em

geladeira por um dia e, posteriormente, o pé foi separado do sobrenadante em funil de Biichner

com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob vacuo.

P de coloragédo branca; PF: 167-169 °C; Rend.: 92% ; Rf: 0,62 (Ciclohexano / Acetato de etila
8:2).

IV, principais sinais (KBr, cm™): 1620 (C=N).

RMN de *H (300 MHz, DMSO-de): 1.6 (d, J = 6.3 Hz, 3H, CHs), 1.9 (s, 3H, CH3), 4.5 (s
largo, 1H, NH), 5.2 (9, J = 6.4 Hz, 1H, CH-CHa), 7.0 (d, 1H, Ar), 7.2-7.5 (m, 9H, Ar), 7.8 (m,
2H, Ar), 8.2 (t, 1H, Ar).

RMN de *C e DEPT (75.5 MHz, DMSO-dg): 11.5 (CHs3), 18.6 (CHs), 76.6 (CH), 104.0 (C,
tiazol), 107.0 (CH, Ar), 120.2 (CH, Ar), 121.5 (CH, Ar), 125.3 (CH, Ar), 125.5 (CH, Ar), 126.0
(CH, Ar), 126.4 (CH, Ar), 127.4 (CH, Ar), 127.5 (CH, Ar), 127.8 (CH, Ar), 128.2 (CH, Ar),
128.5 (C, Ar), 134.1 (C, Ar), 149.7 (C, tiazol), 151.1 (C=N), 152.6 (C, Ar), 169.5 (S-C=N).
HRMS: 388,139 [M+H] +

Sintese do DLT-21, (E)-2-(2-(3-(4-etilfenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol
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O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 1 hora e 30 minutos. Um precipitado de coloracdo amarelada foi obtido.
Guardou-se em geladeira por um dia e, posteriormente, o p6 foi separado do sobrenadante em
funil de Biichner com filtro sinterizado, lavado com isopropanol e depois colocado no

dessecador sob vacuo.

Pé de coloragdo amarelada; PF: 139-142 °C; Rend.: 86% ; Rf: 0,65 (Ciclohexano / Acetato de
etila 8:2).

IV, principais sinais (KBr, cm™): 1613 (C=N).

RMN de *H (300 MHz, DMSO-de): 1.1 (t, 3H, CHs-Ar), 1.4 (d, J = 6.6 Hz, 3H, CHa), 1.8 (s,
3H, CHs), 2.5 (g, 2H, CH>), 4.9 (q, J = 6.5 Hz, 1H, CH-CH3), 6.8 (d, 2H, Ar), 7.1 (d, 2H, Ar),
7.3 (m, 4H, Ar), 7.8 (d, 2H, Ar), 8.4 (s largo, 1H, NH).

RMN de 13C e DEPT (75.5 MHz, DMSO-dg): 11.5 (CH3), 15.7 (CH3), 18.7 (CH3), 27.2 (CH>),
76.3 (CH), 103.9 (C, tiazol), 115.5 (CH, Ar), 125.5 (CH, Ar), 127.5 (CH, Ar), 127.7 (CH, Ar),
128.2 (CH, Ar), 128.5 (CH, Ar), 134.3 (C, Ar), 136.1 (C, Ar), 149.7 (C, tiazol), 151.3 (C, Ar),
155.4 (C=N), 169.5 (S-C=N). HRMS: 366,108 [M+H] +

Sintese do DLT-22, (E)-2-(2-(3-(4-iodofenoxi)butan-2-ilideno)hidrazinil)-4-feniltiazol

o \/H /N
TTH-O

O procedimento reacional foi semelhante ao item anterior. O tempo reacional foi de
aproximadamente 50 minutos. Um precipitado de coloracdo amarelada foi obtido. Guardou-se
em geladeira por um dia e, posteriormente, o p6 foi separado do sobrenadante em funil de
Buchner com filtro sinterizado, lavado com isopropanol e depois colocado no dessecador sob

Vacuo.

P6 de coloracdo amarelada; PF: 166-168 °C; Rend.: 73% ; Rf: 0,63 (Ciclohexano / Acetato de
etila 8:2).
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IV, principais sinais (KBr, cm™): 1620 (C=N).

RMN de H (300 MHz, DMSO-ds): 1.4 (d, J = 6.3 Hz, 3H, CHs3), 1.8 (s, 3H, CHs), 4.9 (q, J
= 6.5 Hz, 1H, CH-CHa), 6.8 (m, 2H, Ar), 7.4 (t, 3H, Ar), 7.5 (m, 1H, Ar), 7.8 (d, 2H, Ar).
RMN de **C e DEPT (75.5 MHz, DMSO-ds): 11.6 (CHs), 18.5 (CHs), 76.5 (CH), 103.9 (C,
tiazol), 118.4 (CH, Ar), 125.5 (CH, Ar), 127.4 (CH, Ar), 128.5 (CH, Ar), 128.2 (CH, Ar), 128.5
(CH, Ar), 129.3 (CH, Ar), 133.9 (CH, Ar), 134.5 (C, tiazol), 137.9 (CH, Ar), 150.2 (C, Ar),
157.2 (C=N), 169.5 (S-C=N). HRMS: 366,108 [M+H] +

45 AVALIACAO FARMACOLOGICA ANTI-T. cruzi

Os ensaios anti-T. cruzi foram realizados em parceria com o Laboratorio de Biologia
Celular, localizado na Fundagdo Oswaldo Cruz/Instituto Oswaldo Cruz (IOC), Rio de Janeiro

(RJ), sob a supervisdo da Profd. Dr2. Maria de Nazaré Correia Soeiro.

4.5.1 Andlise tripanocida

As formas tripomastigotas sanguineas da cepa Y (5 x 10° por mL) foram incubadas

durante 24 horas a 37 °C em RPMI na presenca de dilui¢des seriadas dos compostos (0 a 50
uM), os parasitas incubados apenas com o meio de cultura foram usados como controle.
Apos a incubacdo do composto, as taxas de mortalidade do parasita foram determinadas por
microscopia optica através da quantificacdo direta do nimero de parasitas vivos usando uma
camara de Neubauer e a CCso (concentracdo de composto que reduz 50% do numero de
parasitas) foi calculada. Além disso, 0 CCgo (concentragdo de composto que reduz 90% do
namero de parasitas) foi adicionalmente calculado nos ensaios utilizando a cepa Y (TIMM et
al., 2014).

Para o ensaio em formas intracelulares, células de linhagem L929 foram utilizadas como
hospedeiras para a infeccdo utilizando a cepa Tulahuen. Resumidamente, as culturas de L929
infectadas com Tulahuen foram expostas a 10 uM dos compostos (correspondendo ao valor
CCy de Bdz), conforme relatado por (TIMM et al., 2014). Apos 96 h de incubagdo dos
compostos a 37 °C, adicionou-se o glicosideo vermelho de clorofenol (500 uM ) - (Sigma
Aldrich) a cada poco e a placa foi incubada por 8 h at 37°C. Em seguida, mediu-se a absorbancia
a 570 nm. As culturas ndo infectadas e infectadas com T. cruzi submetidas a exposicdo do
veiculo e Bdz, respectivamente, foram executadas em paralelo. Os resultados sdo expressos

como a percentagem de inibicdo do crescimento de T. cruzi em células testadas em comparagao
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com as células infectadas e células ndo tratadas (ROMANHA et al., 2010). As amostras foram
testadas em triplicata executadas na mesma placa, e pelo menos dois ensaios foram realizados

para cada analise.

4.5.2 Toxicidade para fibroblastos L929

Para detectar qualquer potencial de toxicidade em relacdo a célula hospedeira, culturas
de CM e L929 foram incubadas com estes compostos e a fun¢do metabolica celular foi medida
na presenca de indicadores baseados em resazurina (PrestoBlue® e AlamarBlue®,
respectivamente). De acordo com isto, 100 uL. de DMEM contendo 6 x 10* CM por poco foram
semeados em microplacas de 96 pogos previamente revestidas com gelatina e incubadas durante
a noite a 37 °C numa atmosfera umidificada a 5% de CO,. Posteriormente, 0 meio foi
substituido por solugdes de cada composto em DMEM fresco e as placas foram incubadas por
24 ou 48 h nas condi¢fes acima mencionadas. Cada concentracdo foi avaliada em triplicata e
os controles de crescimento celular foram incluidos em todas as placas. Uma vez concluida a
incubacéo, tanto a morfologia celular quanto a capacidade de contragdo foram examinadas por
microscopia optica e viabilidade celular avaliadas adicionando-se 10 uL do indicador redox
PrestoBlue® de acordo com as instrugdes do fabricante. Apds 5 h de incubagdo a 37 °C numa
atmosfera umidificada a de 5% de CO>, a absorbancia foi lida a 570 e 600 nm e os resultados
foram expressos como a percentagem de citotoxicidade em CM (%Ccm) (ROMANHA et al.,
2010). Alem disso, a citotoxicidade sobre L929 foi realizada em placas de 96 pocos semeando
4 x 10% em 100 uL. de MEM por poco. A morfologia das células foi avaliada por microscopia
optica e a viabilidade celular determinada por um ensaio colorimétrico utilizando 20 pL
AlamarBlue® (Invitrogen) adicionado a cada pogo. Apds incubacgdo durante 24 ou 96 h, a
absorbéancia foi determinada (a 570 e 600 nm) e os resultados foram determinados seguindo as
instrucdes do fabricante (FONSECA-BERZAL et al., 2015; ROMANHA et al., 2010).

45.3 Parasitas

As formas tripomastigotas sanguineas (BT) da cepa Y do T. cruzi, originalmente
isoladas de um caso agudo humano (L. H. SILVA; NUSSENZWEIG, 1957) e a cepa Tulahuen,
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estavelmente transfectadas com gene lacZ da Escherichia coli p-galactosidase (BUCKNER et
al., 1996) foram utilizadas ao longo dos experimentos.

Tripomastigotas sanguineas (BT) da cepa Y foram obtidas por puncdo cardiaca de
camundongos suicos infectados, realizada no dia do pico de parasitemia, e depois da sua
purificacdo, foram suspensas em meio RPMI suplementado com FBS inativado com calor a
5%. Em relacdo aos parasitas da cepa Tulahuen, as tripomastigotas derivadas de cultura de
tecidos (TCT) desta cepa transfectada com o gene da p-galactosidase foram colhidas no
sobrenadante de culturas L929 previamente infectadas com formas invasivas de T. cruzi, e
mantidas em meio RPMIS a 37 °C numa atmosfera umidificada a 5% de CO, (ROMANHA et
al., 2010).

O efeito contra as formas intracelulares foi investigado através da utilizacdo de
linhagens de células L929 infectadas com tripomastigotas derivadas de cultura de tecidos (cepa
Tulahuen que expressa o0 gene da p-galactosidase de E. coli), utilizando uma razéo
parasita/célula hospedeira 10:1. A incubagdo com os compostos testados foi realizada durante
96 h, seguindo protocolos previamente estabelecidos (ROMANHA et al., 2010).



Capitulo 2

Avaliacéo da atividade anticancer de 4-tiazolidinonas e 1,3-tiazois
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5 PLANEJAMENTO ESTRUTURAL

O planejamento dessas duas séries de compostos (tiazois e tiazolidinonas) frente a
atividade antineoplésica foi baseado em resultados obtidos pelo nosso grupo de pesquisa e
também a partir de dados da literatura. Com relagdo a série dos tiazois, suas tiossemicarbazonas
intermediarias tiveram sua sintese publicada em MOREIRA et. al. (Figura 23, péagina 46).
Posteriormente, essa série de tiossemicarbazonas teve sua atividade antineoplasica avaliada por
SANTOS, T. M., 2015 e tais resultados mostraram-se promissores. Cerca de 5 compostos
apresentaram resultados inferiores a 59% de viabilidade celular, na concentragdo Unica de 10
uM, em 8 linhagens tumorais, sendo uma delas multirresistente (HL-60/mx1). Além disso, um
dos compostos (composto 9v, Figura 20, pagina 42) apresentou fragmentacdo apoptdtica na
eletroforese em gel de agarose. Aplicando-se a estratégia de bioisosterismo, 0s 1,3-tiazois foram
sintetizados, como ja esquematizado anteriormente.

Quanto a série de tiazolidinonas, a sua sintese ja foi realizada em trabalhos anteriores
do nosso laboratorio (DE SIQUEIRA, et. al., 2019). O composto 1i é uma tiossemicarbazona,
a qual deu origem ao planejamento da série de tiazolidinonas, e teve sua sintese publicada por
DU et. al. 2002 (Figura 30).

Figura 30. Estrutura do composto 1i

NH,

Br

Fonte. Elaborado pela autora.

A estratégia utilizada para obtencdo das tiazolidinonas a partir de tiossemicarbazonas
foi a do bioisosterismo (figura 31), oriunda de uma reacdo entre tiossemicarbazonas e

diferentes acidos e/ou ésteres halogenados. Com relagdo a caracteristicas estruturais, explorou-
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se substituigdes nas posi¢des N3 e C5 do anel heterociclo, utilizando-se de grupamentos alquilas

de diversos volumes, bem como o anel fenila nestas posicdes.

Figura 31. Planejamento estrutural para as séries

Bioisosteri

Série 4-tiazolidinonas (LR 01-18)

Fonte: Elaborado pela autora.

5.1 RESULTADOS

5.1.1 Compostos do tipo 4-tiazolidinonas (LR 01-18)

Uma vez que a sintese das tiazolidinonas (LR 01-18) foi realizada durante o programa
de mestrado, seguiremos apenas com a exibicdo das estruturas quimicas dessa série. As aril-4-
tiazolidinonas (LR 01-18) foram sintetizadas através da reacdo entre a respectiva
tiossemicarbazona (Int 1-3) com os respectivos acetatos a-halogenados. Estas reacdes foram

realizadas em etanol absoluto, com excesso de acetato de sodio anidro, sob refluxo e agitacdo
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magnética (Figura 32). Os sdlidos obtidos variavam de cores amareladas a brancas e suas

estruturas quimicas foram elucidades por RMN 3C, RMN 'H e IV.

Figura 32. Rota sintética para obtencdo das aril-4-tiazolinonas (LR 01-18).

(o)
N
Int 1-3

Br
B
Composto R R4 Composto R R4
LR-01 H H LR-10 CH; CH(CHg),
LR-02 H CH3 LR-11 CH;  diMe
LR-03 H  CH,CHs LR-12 CH;  Ph
LR-04 H  CH(CHa), LR-13 Ph H X, N
LR-05 H  diMe LR-14 Ph  CHs N \r
LR-06 H Ph LR-15 Ph  CH,CH,3 R4
LR-07 CH3 H LR-16 Ph CH(CHj3), N
LR-08 CHz  CHs LR-17 Ph  diMe R/
LR-09 CH3 CH,CHj LR-18 Ph Ph Br o
LR 01-18

Notas:
Reagentes e condi¢des: a) Diferentes tiossemicarbazidas, em etanol, iradiacdo por ultrassom, acido cloridrico (4
gotas), 2-5 horas; b) Acidos e ésteres halogenados, etanol, refluxo, acetato de sodio, 20-22 horas. Fonte. Elaborado

pela autora.

5.2 AVALIACAO IN VITRO DA ATIVIDADE ANTICANCER DE 4-TIAZOLIDINONAS

Inicialmente, todos os compostos da série LR-01 a LR-18, bem como os compostos
intermediarios, foram avaliados frente as células mononucleares do sangue periférico (PBMCs)
(Numero do Parecer: 3.218.926). As concentracdes utilizadas foram de 10 uM e 100 uM. Como
pode ser observado na Tabela 4, os compostos ndo apresentaram toxicidade, mesmo na maior
concentracdo testada (100 uM). Além disso, é possivel constatar que as tiossemicarbazonas
intermediarias apresentaram os menores valores de células viaveis quando comparados aos
compostos ciclicos tiazolidinonas, corroborando com o que ja foi verificado em trabalhos
prévios. A doxorrubicina apresentou valor de apenas 7,2% de células viaveis na concentracao
de 10 uM.
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Tabela 4. Citotoxicidade de tiazolidinonas em PBMCs.

Composto R1 R Citotoxicidade  Citotoxicidade
PBMC (10 pM)  PBMC (100
- % em células uM) - % em

viaveis células viaveis
H H N
X N\R1 N ],
\[sl/ "\\Z/
e
Int1-3 LR 01-18 ! o

Br Br

Int-1 H - 84,8 58,6
Int-2 CHs - 89,8 59,3
Int-3 Ph - 86,8 81,5
LR-01 H H 99,5 98,3
LR-02 H CHs 100 98,9
LR-03 H CH2CH3 97,8 94,3
LR-04 H CH(CHs3): >100 >100
LR-05 H diMe >100 99
LR-06 H Ph >100 >100
LR-07 CHs H 96,6 78,5
LR-08 CHs CHs 98,5 96,4
LR-09 CHs CH2CH3 97,4 96,2
LR-10 CHs CH(CHs): >100 93
LR-11 CHs diMe 95,5 12,7
LR-12 CHs Ph >100 71,7
LR-13 Ph H 94,7 91,2
LR-14 Ph CHs 82,7 80,5
LR-15 Ph CH2CH3 90,3 90,3
LR-16 Ph CH(CHs): 94,6 89,8
LR-17 Ph diMe >100 98,1
LR-18 Ph Ph 99 97
Doxo - - 7,2 -

Os valores correspondem a média de trés experimentos independentes. Os valores de desvio-padrdo foram menores
que 10%.

Apos determinacéo da citotoxicidade em células sadias, 0s compostos foram submetidos
a ensaios junto a sete linhagens tumorais, em dose Unica de 10 uM, conforme exposto na Tabela
5. Foram executados os testes em trés linhagens de células hematopoiéticas: MOLT-4
(Leucemia linfoblastica aguda humana), HL-60 (Leucemia promielocitica) e K562 (Leucemia
mieldide crbnica) e quatro linhagens de células derivadas de tumores sélidos: MCF-7
(Adenocarcinoma mamario), T47d (Carcinoma ductal de mama), SKMEL (Melanoma

metastatico humano) e PANC-1 (Carcinoma epitelial de pancreas).
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Tabela 5. Viabilidade celular da série LR em sete linhagens na concentracdo de 10 uM

Composto SKMEL- T47d PANC- MOLT-4 MCF-7 HL-60 K562

28 (%) (%) 1 (%) (%) (%) (%) (%)
Int-1 100 76,3 41,6 70,6 82,5 80,3 89,8
Int-2 100 77,4 63,4 76,7 86,9 74,6 100
Int-3 100 61,9 50,4 89,7 >100 73,3 100
LR-01 100 73,3 96,5 92,3 87,3 77,8 100
LR-02 100 80,2 100 97,7 >100 69 100
LR-03 100 84,3 55,1 79,5 93,1 49,8 100
LR-04 100 71,3 93,9 97,7 100 93,2 100
LR-05 100 70 100 97,3 100 84,8 1,9
LR-06 100 90,1 84,7 96,7 100 87,8 100
LR-07 100 95,7 52,3 98,8 100 83,3 100
LR-08 100 63,3 93 100 100 94,7 100
LR-09 100 67,5 97,1 100 100 88,7 100
LR-10 100 59,8 100 84,8 100 84,2 100
LR-11 99,1 54 55,4 90 100 82,6 100
LR-12 100 68,1 76 87,5 100 90,1 100
LR-13 100 63,9 77,8 9 97,5 74,8 60
LR-14 88,5 47 100 58,9 100 6,6 0,2
LR-15 97,2 72,7 100 86,4 100 76,0 >100
LR-16 100 65,1 100 94,7 100 82,3 100
LR-17 100 72,6 100 75,8 68,8 70,5 >100
LR-18 91,6 89,8 95,4 >100 81 82 >100
Doxo NT 4,2 NT 2,9 2,7 NT NT
Amsacrina NT NT NT NT NT 1,0 0,9
Notas:
NT — Néo testado; | - valores inferiores a 59%.

Quanto aos resultados obtidos nesse primeiro momento, verifica-se que dentre as
linhagens de células derivadas de tumores hematopoiéticos, os compostos LR-14 e LR-17 em
MOLT-4 apresentaram os menores valores de viabilidade celular e como semelhanca estrutural,
eles possuem uma fenila em N3 e grupamentos alquila em C5 (uma metila para LR-14 e um
dimetil para LR-17). Na linhagem hematopoiética HL-60, o melhor resultado foi apresentado
pelos compostos LR-03 e LR-14, os quais apresentaram resultados de viabilidade celular de
49,8% e 6,6%, respectivamente. Na terceira e ultima linhagem celular hematopoiética K562,

destaca-se os compostos LR-05 e LR-14 cujos resultados foram de, respectivamente, 1,9% e
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0,2%. Dessa forma, é possivel constatar que o composto LR-14 mostra um perfil interessante
para as células neoplasicas hematopoiéticas.

Sobre os resultados de viabilidade celular para as células de cancer de mama, MCF-7, o
composto LR-17 apresentou 0 menor valor de viabilidade celular que foi de 68,8%. Para a
linhagem T47d, o LR-11 e LR-14 apresentaram 0s melhores resultados, 54% e 47%,
respectivamente. Quanto a linhagem de melanoma, SKMEL-28, os resultados de viabilidade
celular foram superiores a 88,5%.

Uma vez selecionadas as moléculas com melhores valores de viabilidade celular frente
a células tumorais na concetracdo Unica de 10 pM, realizou-se o ensaio de avaliacdo da
viabilidade celular em MOLT-4 com o composto LR-14. Tal composto foi exposto em
crescentes concentragdes, para assim elucidar o valor da concentracdo que reduz em 50% a
viabilidade das células (Clso). A reducdo da viabilidade celular acontece de maneira dose
dependente para 0 LR-14 na linhagem de leucemia MOLT-4. Na concentracdo de 100 puM, a
viabilidade celular se situa entre 1% e 20%. A doxorrubicina € o controle positivo. Esse
medicamento é um membro da familia antraciclina de farmacos antineoplasicos e é utilizado
como agente de primeira linha para o tratamento de varios tipos de tumores solidos, porém,
revela-se muito toxico (PAPAGIANNAROS et al., 2006). Para o calculo de Clso em MOLT-4,
foram realizados trés ensaios independentes e o valor encontrado foi 7,97 £ 1,04 (uM). O indice
de seletividade foi determinado através da seguinte razdo: ClsoPBMC/Clso linhagem tumoral,
segundo Kommera et. al., 2010, € preconizado que os compostos serdo seletivos quando o IS >
3. Assim, o composto LR-14 é classificado como seletivo, uma vez que o seu valor foi de 10,10.

Para a linhagem K562, os compostos tiveram seu valor de Clso calculados, sendo 50,57
uM £ 5,33 parao LR-05 e 20,96 um £ 5,84 para o composto LR-14. Emrelacéo a outra linhagem
hematopoiética de leucemia promielocitica, HL-60, tem-se o valor de Clso=44,63 uM para o

composto LR-14.

5.2.2 Avaliacdo de induc¢do de morte em leucemia mieléide crénica

O composto LR-14 foi avaliado frente ao ciclo celular de células de leucemia mieldide
cronica (K562). Os ensaios foram realizados em duas concentragdes 20 uM e 30 uM, bem como

em dois tempos distintos: 24h e 48h (Figura 33).
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Figura 33. Avaliacdo da indugéo de morte do composto LR-14
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Notas:
DN — duplamente negativo; DP- duplamente positivo; Pl — lodeto de propideo; NT — Néo tratado; AMSA —
Amesacrina. (P>0.05). Fonte. Elaborado pela autora.

Para o tempo de 24h, o composto LR-14 na concentra¢do de 20 uM induziu morte de
cerca de 15%, sendo cerca de 7% positivo para apoptose e 1,2% para necrose. O percentual
para apoptose tardia/necrose ficou em cerca de 6%. Ja concentracdo de 30 uM, o compsosto
aumentou o percentual para morte por apoptose, para cerca de 10%. O percentual para apoptose
tardia/necrose sofreu menos de 1% de variagdo, apresentando-se em torno de 5,67%.

Com relacdo aos resultados obtidos apds 48h de tratamento, observou-se que o
percentual de morte, de maneira geral, apresentou-se em torno de 13-18% para ambas as
concentragdes. Houve um aumento do percentual de morte por necrose, comparando-se ao
ensaio de 24h, de modo que o percentual situou-se em torno de 6-5%. Para a concentracéo de
20 uM, o percentual de morte por apoptose foi em torno de 2,39% e na concentracdo de 30 uM
esse percentual foi reduzido para 0,48%. O percentual referente a apoptose tardia/necrose
apareceu maior para a concentracdo de 20 uM (8,90%) do que em 30 uM (6,88%). Assim, 0

aumento na concentrac¢do do composto ndo induziu o aumento substancial de morte.

5.2.3 Avaliacédo da inibicéo do ciclo celular em leucemia mieldide crénica

O composto LR-14 também foi avaliado frente ao ciclo celular de células K562 ap6s

48h de tratamento. Foi possivel constatar que, em ambas as concentracdes utilizadas 20 uM e



86

30 uM, houve parada na fase celular S/G2/M com percentuais de aproximadamente 68% e 70%,
respectivamente (P=0.1545 e P=0.1353).

Figura 34. LR-14 frente ao ciclo celular de células K562.
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Notas:
NT — Néo tratado; AMSA — Amsacrina. **, P=0.0028 (20 uM) e P=0.0043 (30 uM). Fonte. Elaborado pela autora.

5.2.4 Discussao

Com o intuito de avaliar o potencial citotoxico dos compostos (LR 01-18), bem como
otimizar a realizacdo deste, realizou-se uma triagem racional dos compostos do presente
trabalho. A triagem foi baseada nas diretrizes propostas pelo NCI-60 (United State National
Cancer Institute 60 human tumour cell line). Os compostos que apresentaram valores de
viabilidade celular inferior a 59%, no ensaio de concentracdo Unica de 10 uM, seguiram para
ensaios de determinacdo da sua Clso.

A triagem foi realizada com sete linhagens, sendo trés hematopoiéticas (MOLT-4, K562
e HL-60) e quatro oriundas de tumores solidos (T47d, MCF-7, PANC-1 e SKMEL-28).
Percebeu-se que o0s compostos revelaram melhores resultados frente as linhagens
hematoldgicas e que, diante das sete linhagens, quatro compostos exibiram valores inferiores a
59% de viabilidade celular. O composto LR-03 para HL-60 (49,8%), o composto LR-05 para
K562 (1,9%), o composto LR-11 para T47d (54%), o composto LR-14 para T47d (47%), para
HL-60 (6,6%) e para K562 (0,2%). Sobre a caracteristica estrutural desses compostos, €é
possivel evidenciar algumas relagfes: 0os compostos LR-03 e LR-05 possuem em N3 um
hidrogénio, enquanto que 0 LR-11 e LR-14 possuem uma metila e uma fenila, respectivamente.
Quanto aos substituintes em C5, é possivel perceber que todos eles possuem um radical alquila,

sendo uma etila em LR-03, um dimetil em LR-05 e LR-11 e uma metila em LR-14.
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Além disso, é possivel destacar a atuacdo do composto LR-14 dentro dessa série de
compostos. Sua atividade destacou-se frente a uma linhagem aderida (T47d) e duas
hematopoiéticas (K562 e HL-60), sendo o composto eleito a proceder com a realizagdo de mais
ensaios. Quanto a linhagem, escolheu-se K562 por, inicialmente, apresentar o menor valor de
viabilidade celular em sua triagem.

Com relag&o a citotoxicidade dessa série de moléculas em células normais (Tabela 4),
utilizou-se PBMCs em duas concentragdes: 10 uM e 100 uM. De forma geral, 0s compostos
ndo foram tdéxicos e o menor valor de viabilidade celular foi em torno de 70% para a
concentracdo mais alta, 100 uM. Com isso, é possivel sugerir o indice de seletividade (IS), que
trata-se de um indicador que consiste na razdo entre a Clso de células normais e tumorais
evidenciando o potencial uso em testes clinicos. A literatura preconiza um bom IS acima de 3.
Dessa forma, o IS encontrado para 0 LR-14 frente a K562 foi de 3,84. Para a linhagem
hematopoiética HL-60, o valor encontrado foi de 1,80 e para MOLT-4 o valor foi de 10,10.
Exceto para a linhagem HL-60, o composto LR-14 apresentou valores desejaveis, uma vez que
foi superior a 3. Quanto ao composto LR-05 na linhagem K562, o valor encontrado foi de 1,59.

Apos avaliacdo da citotoxicidade dos compostos, buscou-se avaliar a possivel inducao
de morte causada pelo composto, apos 24h e 48h de tratamento, bem como sua atuacgéo frente
ao ciclo celular ap6s 48h de tratamento em leucemia mieldide crénica (K562). As doses
utilizadas (20 uM e 30 uM) foram baseadas no valor do Clsp 20,96 um £ 5,84. Quanto ao ensaio
de inducdo de morte ap0s 24h de tratamento, verificou-se que o maior percentual de células
mortas foi por apoptose em ambas as concentracdes. Ja para o ensaio apds 48h de tratamento,
houve um aumento do percentual de morte por necrose, quando comparado ao ensaio de 24h.
Ao aumentar a concentracdo do composto, percebeu-se que o percentual de morte por apoptose
é reduzido, assim como para a apoptose tardia/necrose, porém os resultados ndao foram
estatisticamente significativos. Outros estudos avaliaram o tipo de morte induzido por
tiazolidinonas, dentre eles, SENKIV et al. verificou que tiazolidinonas induziu morte, por
apoptose, em células de leucemia (SENKIV et al., 2016), assim como visto por SHARATH
KUMAR et al. Este Gltimo evidenciou uma de suas tiazolidinonas com potencial efeito
citotoxico em células de leucemia e, observou ainda, a inducdo de despolarizac¢do do potencial
de membrana mitocondrial (SHARATH KUMAR et al., 2014).

O ciclo celular esta relacionado a uma série de eventos relacionados com a divisdo e a
duplicacédo celular. Ele apresenta quatro fases distintas: G1, S (sintese), G2 fases (interfase) e

M (mitose). O aproveitamento de energia e material para DNA sintese ocorre na fase G1 e a
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celula replica seu DNA na fase S. A fase G2 prepara a célula para a mitose em si, onde ocorre
a divisdo do nucleo e do citoplasma da célula (KUMBHARE et al., 2015). Devido a importancia
de uma possivel atuacdo no ciclo celular, o composto LR-14 foi submetido ao ensaio.
Verificou-se a inducdo do aumento do arraste na fase S/G2/M, em torno de 20%, para as duas
concentragdes utilizadas (P=0.1545 e P=0.1353), comparando-se a condi¢do que ndo recebeu
tratamento (NT). Em trabalho anterior (BARBOSA et al., 2016), é possivel constatar a indugéo
de compostos do tipo tiazolidinonas na fase Sub-G1, utilizando-se a concentragdo de 12.5uM
de composto e tendo como percentual encontrado de 15.3. Em outro trabalho, células de
leucemia, tais como K562, Nalm6 e Jurkat foram avaliadas frente a compostos que possuem
em sua estrutura o nlcleo tiazolidinona. Verificou-se o efeito citotoxico desses compostos e
também que 0s mesmos séo responsaveis por atuar no ciclo celular de células Nalmé ap6s 48h
de tratamento, induzindo arrasto na fase G2/M (SHARATH KUMAR et al., 2014, 2015).

De forma geral, podemos inferir que as tiazolidinonas testadas ndo foram tdxicas em
células ndo transformadas (PBMCs). Os compostos mostraram melhor perfil frente a linhagens
hematoldgicas, com destaque para o composto LR-14. Em leucemia mieldide cronica (K562),
0 composto induziu parada na fase celular S/G2/M do ciclo celular nas duas concentracées
testadas. Apos o tratamento de 24h, percebeu-se maior inducao de morte por apoptose e ja para
48h apds o tratamento, foi possivel constatar maior inducdo de morte por apoptose
tardia/necrose. Uma vez que os dados ndo foram significativos, novos ensaios precisam ser

realizados.

5.3 AVALIACAO IN VITRO DA ATIVIDADE ANTICANCER DE 1,3-TIAZOIS

Os compostos da série DLT foram submetidos a ensaios frente a oito linhagens
tumorais, sendo quatro hematopoiéticas (MOLT-4, HL-60, HL-60mx1 (resistente a
Mitoxantrona) e MM1S) e quatro oriundas de tumores solidos (DU145, SKMEL-28, MCF-7 e
T47d), em uma Unica dose de 10 uM. Ao final do ensaio foi determinada a viabilidade celular

das linhagens e os resultados estdo expostos a seguir:



Tabela 6. Viabilidade celular da série DLT em 4 linhagens aderentes na concentracéo de 10 uM

Composto R T47d (%) MCF-7 (%) SKMEL-28 DuU145
(%) (%)
o N N N
0
P /
R
DLT-01 4-MeO 94,0 100 71,6 84,8
DLT-02 4-Cl 89,0 86,9 81,5 41,5
DLT-03 3-Br 90,4 100 87,2 82,9
DLT-04 4-(PhO)Ph 78,9 100 92,1 98,9
DLT-05 4-Br 94,1 69,5 93,1 88,3
DLT-06 4-tBu 82,4 59,5 90,6 75,6
DLT-07 - 80,4 98,2 96,5 75,6
DLT-08 2-Ph 78,2 92,6 89,9 66,0
DLT-09 3-Cl 99,4 98,2 93,2 100
DLT-10 3-Ph 99,5 100 88,7 61,4
DLT-11 4-NO; 95,4 100 96,3 87,8
DLT-12 3-MeO 85,2 100 85,4 83,0
DLT-13 3,4-diCl 90,9 100 94,3 82,9
DLT-14 4-iPr 69,8 100 96,4 92,8
DLT-15 2-Cl 85,2 100 86,1 96,4
DLT-16 4-F 84,8 84,9 93,0 88,8
DLT-17 2,3-diCl 92,5 71,7 83,0 100
DLT-18 3-Cl, 4F 100 80,2 100 100
DLT-19 o-naftil 100 100 97,5 100
DLT-20 B-naftil 100 100 89,4 100
DLT-21 4-Et 88,1 82,2 99,0 61,8
DLT-22 4-1 90,3 100 80,6 100
Doxo - 2,9 2,7 59

Notas:
- Viabilidade celular inferior a 59%; Doxo — Doxorrubicina. Fonte. Elaborado pela autora.
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Tabela 7. Viabilidade celular da série DLT em 4 linhagens hematopoiéticas na concentragdo de 10 uM

Composto R MOLT-4 HL-60 (%) HL-60mx1 MM1S

(%) (%0) (%0)
) ~ N N
0
K /
R
DLT-01 4-MeO 67,6 78,9 92,8 68.6
DLT-02 4-Cl 37,1 96,0 58,8 69.2
DLT-03 3-Br 81,6 100 88,6 85.0
DLT-04 4-(PhO)Ph 100 100 87,6 93.5
DLT-05 4-Br 95,6 100 88,6 92.3
DLT-06 4-tBu 91,6 100 84,5 94.9
DLT-07 - 89,7 79,9 92,8 85.9
DLT-08 2-Ph 90,9 93,9 91,6 88.6
DLT-09 3-Cl 99,6 98,2 90,9 99.5
DLT-10 3-Ph 95,4 97,5 84,0 ND
DLT-11 4-NO3 85,5 100 87,9 73.7
DLT-12 3-MeO 61,6 94,8 72,4 76.2
DLT-13 3,4-diCl 79,6 86,9 80,1 84.9
DLT-14 4-iPr 82,3 100 73,4 89.6
DLT-15 2-Cl 84,5 100 73,3 89.8
DLT-16 4-F 87,5 100 77,3 91.0
DLT-17 2,3-diClI 76,9 100 81,8 100
DLT-18 3-Cl, 4F 88,3 100 88,0 95.2
DLT-19 a-naftil 98,9 100 87,1 88.3
DLT-20 B-naftil 90,3 82,3 88,6 99.2
DLT-21 4-Et 100 98,2 89,0 87.9
DLT-22 4-| 100 100 89,0 91.0
Doxo - 2.1 1,3 23,1 ND
Notas:

- Viabilidade celular inferior a 59%; Doxo — Doxorrubicina. Fonte. Elaborado pela autora.

Dentre os 22 compostos testados em células derivadas de tumores solidos, 0 composto
DLT-02 apresentou resultado inferior a 59% em DU145, sendo o percentual de viabilidade
celular no valor de 41,5%. Para a avaliacdo dos 22 compostos em células hematopoiéticas, o
composto DLT-02 também destacou-se, apresentando resultado inferior a 59% de viabilidade
celular, para as linhagens MOLT-4 e HL-60mx1, cujos percentuais foram de 37,1% e 58,8%,

respectivamente.
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Apos a triagem em células na concentragdo Unica de 10 uM, ensaios para determinagdo

da Clso do composto DLT-02 foram realizados. Foi escolhida uma linhagem hematopoiética,

MOLT-4, e uma derivada de tumor sélido, DU145. Os valores de viabilidade ent&o obtidos para

MOLT-4 foram utilizados na construcdo do gréfico de dose-resposta abaixo, na Figura 35.

Figura 35. Grafico concentracdo-resposta do composto DLT-02 em MOLT-4
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E possivel verificar que a diminuicdo da viabilidade celular acontece de maneira dose

dependente para o0 DLT-02 na linhagem MOLT-4. Na concentracdo de 100 UM, a viabilidade

celular se situa entre 1% e 20%. A doxorrubicina é o controle positivo. O valor encontrado foi
de Clso = 8,03 = 3,49 (uM). O valor da Clso frente a células de cancer de prostata (DU145)

também foi calculado e o seu valor foi de 6.04+1.15 pM.

5.3.1 Ensaio Clonogénico em células de cancer de préstata DU145

Para avaliar a capacidade de uma Unica célula crescer em uma col6nia e gerar clones, um

ensaio clonogénico foi realizado com o composto DLT-02 utilizando-se o valor de sua Clso

(6.04 uM) nas células DU145. O composto DLT-02 induziu diminuicdo na formacdo de

colénias com, aproximadamente em 10% de inibicdo de clonogenicidade e as col6nias foram

menos densas que as coldnias controle (P=0.0277).
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Figura 36. O composto DLT-02 inibe a formac&o de coldnias de células DU145
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(A) Fotografias da formagéo de coldnias de células DU145 15 dias ap6s o tratamento. (B) Quantificagdo da
formagéo de coldnias. Os resultados sdo expressos como porcentagens do controle. *, P = 0,0277.

5.3.2 Analise de morte celular por coloragio de laranja de acridina/4’, 6-diamidino-2-

fenilindol

Evidenciando o processo de morte das células DU145 frente ao composto DLT-02, é
possivel visualizar o dano nuclear ou as alteracBes da cromatina e a presenca de nucleos
picnoticos. Percebe-se, ainda que, as células aparecem coradas de maneira mais intensa com

acridina/orange comparada a condicdo de células ndo tratadas.
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Figura 37. Efeitos do composto DLT-02 na inducéo da morte analisada por DAPI e Acridina/Laranja no dobro
de Clso ap6s 72h de tratamento
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NT — Nao tratado.
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5.3.3 Avaliacdo de inducdo de morte em células de cancer de prostata

Para investigar o mecanismo de efeitos inibidores do crescimento (apoptose ou necrose)
do composto DLT-02, realizou-se a andlise de citometria de fluxo com anexina V-FITC e
iodeto de propidio (P1) em células DU145. A doxorrubicina foi utilizada como controle
positivo. O ensaio realizado com o tratamento do composto em 48 h, exibiu o percentual de
células mortas em torno de 10%, sendo cerca de 2% por necrose e/ou apoptose tardia para
ambas as concentragfes do composto utilizadas. O percentual de indugdo de necrose pelo
composto, em sua Clso, foi de aproximadamente 6.70%, enquanto que o dobro da Clso exibiu
percentual de 3.76%. Ja& para o percentual de morte por apoptose, os valores obtidos variaram
de 0.50% a 1% para a Clso e 0 dobro dessa concentragéo, respectivamente (P>0.05).

Figura 38. Efeitos do composto DL T-02 e doxorrubicina no ensaio de inducdo potencial de morte por citometria

de fluxo em células DU145 apo6s 48 h de tratamento
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Notas:
DN — duplamente negativo; DP- duplamente positivo; Pl — lodeto de propideo; NT — Néo tratado;. (P>0.05). Fonte.
Elaborado pela autora.

Os resultados da avaliacdo do potencial em 72 h mostraram que na concentracdo da Clsyo,
cerca de 20% das células entraram em morte, sendo aproximadamente 11% atribuido a necrose
e apoptose tardia, seqguido de 7% por necrose e aproximadamente 2% para morte por apoptose.
Utilizando-se a concentragdo do dobro da Clso, cerca de 30% das células morreram, sendo em
torno de 18% através de necrose e apoptose tardia e quase 10% por necrose. O percentual de

morte para a anexina permaneceu em torno de 2%.
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Figura 39. A) Efeitos do composto DLT-02 e doxorrubicina no ensaio de indugdo potencial de morte por
citometria de fluxo em células DU145 apds 72 h de tratamento; B) Gréaficos (plots) representativos da citometria
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Notas:

DN — duplamente negativo; DP- duplamente positivo; Pl — lodeto de propideo; NT — Nao tratado; (Anexina **, P
=0,0031; PI *, P=0,0200; DP **, P = 0,0016; DP **** P <0,0001). Fonte. A) Elaborado pela autora B) Software

Accuri C6.

5.3.4  Avaliacéo da inibicdo do ciclo celular em células de cancer de préstata

A distribuicdo do ciclo celular em células DU145 coradas com Pl foi avaliada por

citometria de fluxo utilizando-se a Clso e dobro dessa concentracdo. O controle positivo

induziu parada na fase S/G2/M. Percebeu-se que néo houve diferencas significativas entre os
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resultados apresentados com o valor de Clso e 0 dobro de sua concentragéo, em todas as fases
do ciclo celular. Na fase G0-G1, o composto DLT-02 induziu parada em cerca de 56.92% de
células, semelhantemente ao dobro da Clso com 56.94% de células. O composto DLT-02
parece ndo atuar sobre o ciclo celular frente a células DU145 e o uso das concentragfes do
seu Clso, bem como o dobro do Clso, ndo apresentou diferencas significativas entre si
(P>0.05).

Figura 40. Efeitos do composto DL T-02 e doxorrubicina na progressdo do ciclo celular de células DU145 apds

48 h de tratamento
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Notas:
NT — Néo tratado. Fonte. Elaborado pela autora.

5.3.5 Avaliacédo da inibicdo da migracao celular

O composto DLT-02 foi avaliado frente a células DU145 e o seu possivel efeito
antimigratério através do método Wound Healing. A concentracdo utilizada no ensaio foi o
dobro da sua Clso. Observou-se a inibi¢cdo da migracdo celular, porém néo significativamente,
em comparacdo com a condicdo com o DMSO nos tempos 6h e 12h (P>0.05). Os valores
encontrados foram de 5% de inibicdo de migracdo para 6h e cerca de 9% de inibicdo no tempo
de 12h.
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Figura 41. Efeitos do composto DL T-02 na migracao celular em 0 h, 6 h e 12 h ap6s o tratamento
em células DU145.
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Fontes: A) programa ImageJ; B) elaborada pela autora.

5.3.6 Avaliacdo da inibicéo do ciclo celular em leucemia mieldide aguda

Os resultados citotoxicos revelaram que o composto DL T-02 exibiu atividade significativa
contra as células MOLT-4. Assim, realizamos o ensaio de ciclo celular para verificar se esta
inibicdo do crescimento celular foi devida a parada do ciclo celular. Avaliou-se o composto
DLT-02 e o seu possivel efeito 48 h apds o tratamento. O composto foi utilizado nas

concentrages de 10 uM e 15 uM. O controle positivo utilizado foi a Amsacrina na
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concentracédo de 2.5 uM, a qual induziu parada na fase celular GO-G1 do ciclo celular em cerca
de 90% de células. O composto DLT-02 em 15 uM exibiu percentual de 66.20% de células na
fase GO-G1 e 60.66% na concentracdo de 10 uM. Assim, 0 composto DL T-02 na concentragdo
de 15 uM induziu arrasto no ciclo celular ,com pouca diferenca percentual em comparacéo a

condicdo que ndo recebeu tratamento (P>0.05).

Figura 42. Efeitos do composto DLT-02 e amsacrina na progressao do ciclo celular de células MOLT-4 ap6s 48

h de tratamento
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Notas:
NT — Nao tratado; AMSA — Amsacrina. Fonte. Elaborado pela autora.

5.4 DISCUSSAO

A triagem racional dos compostos utilizando-se uma dose Unica na concentragéo de 10
uM frente a linhagens, baseada nas diretrizes propostas pelo NCI-60, também foi realizada para
a série DLT, assim como foi realizado para a série LR. Essa triagem compreendeu a utilizacdo
de oito linhagens, sendo quatro hematopoiéticas (MOLT-4, HL-60, HL-60mx1 e MML1S) e
quatro linhagens derivadas de tumores solidos (T47d, MCF-7, DU145 e SKMEL-28). O
composto DLT-02 exibiu valores de viabilidade celular inferiores a 59% para trés linhagens
(MOLT-4, DU145 e HL-60mx1). Como caracteristica estrutural, esse composto apresenta na
posicao 4 do anel aril, um cloro. Segundo Hernandes et al., a presenca de halogénios em novas
entidades quimicas sdo prevalentes. A cloracdo dos compostos pode eventualmente resultar em
compostos bioativos que sdo melhor acomodados no local ativo dos alvos em comparacdo com
0s ndo clorados. Foi descrito ainda que as subunidades portadoras de cloro podem ser

acomodadas em cavidades estreitas e profundas, bem como em bolsas hidrofobicas dos alvos
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biol6gicos (HERNANDES et al., 2010). Além disso, provavelmente, a posic¢éo de substituicdo
do cloro em para, nesse caso, foi crucial para esse valor de viabilidade, uma vez que o cloro
em outras posi¢cdes no anel aril ndo exibiu resultados inferiores a 59%.

Com o intuito de avaliar a capacidade do composto em inibir a formagédo de colbnias,
fez-se o0 ensaio clonogénico. O ensaio de sobrevivéncia de celulas clonogénicas determina a
capacidade de uma célula proliferar indefinidamente, mantendo assim a sua capacidade
reprodutiva para formar uma grande col6nia ou um clone (MUNSHI; HOBBS; MEYN, 2005).
Os resultados obtidos mostram que o composto DL T-02 reduziu, em cerca de 10%, a formagao
de novos clones, assim como alterou o tamanho das col6nias, reduzindo-as quando comparada
a condicdo com o controle DMSO.

Seguindo-se a investigacdo do composto frente a células DU145, buscou-se evidenciar
0 processo de morte de células induzido pelo DLT-02. O ensaio de coloracdo fluorescente com
laranja de acridina/DAPI foi realizado para distinguir as células vivas e as células que estdo em
processo de morte. A laranja de acridina permeia células e as coram na coloracdo verde e
vermelha, ja o DAPI em cor azul. As células DU145 tratadas com o composto DL T-02 exibiram
nucleos picnoticos com um aumento da fluorescéncia nuclear, quando comparadas com as
células ndo tratadas (NTC). Além disso, a coloragéo induzida por laranja de acridina foi mais
intensa nas células tratadas com o composto em questdo, quando comparadas aquelas que ndo
receberam tratamento. Os resultados exibidos estdo em concordancia com parte dos resultados
relatados por Guggilapu et al. em seu trabalho. Eles evidenciaram que os tiazdis sdo capazes de
induzir morte em células DU145, confirmando tal resultado pelo ensaio de laranja de acridina
(GUGGILAPU, et. al., 2017).

Com relacdo ao ciclo celular, o composto ndo influencia significativamente tanto na
concentra¢do Clso, bem como no dobro desta em células de cancer de prostata DU145. Em
BARBOSA et al. 2016, verificou-se que, também na concentracdo de aproximadamente 6 uM,
uma de suas tiazolidinonas, sendo, portanto, bioisdstero do composto DLT-02, ndo interferiu
no ciclo celular de células de adenocarcinoma renal humano (BARBOSA et al., 2016).
Entretanto, ao utilizar o dobro dessa concentracéo, eles perceberam alteragdes no ciclo celular,
0 que no presente trabalho ndo foi constatado. Ja para a avaliacdo da influéncia do composto na
progressao do ciclo celular de MOLT-4. O composto na concentra¢do de 15 uM induziu arrasto
celular na fase GO/G1, porém com pouca diferenca percentual em comparacédo a condicédo que
ndo recebeu tratamento (P>0.05).

Por fim, verificou-se o tipo de morte induzido pelo composto DLT-02 em células

DU145. O ensaio foi realizado ap6s 48h e 72h de tratamento. Os dados da analise da inducao
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de morte sugerem que, pelo menos em maior parte, esta aconteceu por necrose ou apoptose
tardia. Por se tratar de um processo de morte mais tardio, h& corpos apopt6ticos e 0 aumento da
permeabilidade da membrana, permitindo a entrada e marcacdo pelo iodeto de propidio na
célula (SOUZA, 2013). Outra constatacdo é que esse processo de morte acontece de maneira
tempo e dose dependentes.

Outra avaliacdo realizada com composto DLT-02 em células DU145 foi o ensaio de
migracdo. O ensaio visa mimetizar, de modo primario, a possivel capacidade antimigratdria do
composto, sabendo-se que a metéastase € um processo de mdaltiplas etapas que envolve
motilidade e invasdo de células cancerigenas. As fotos das células, apds a realizacdo do risco
ou “scratches (wounds)”, foram capturados usando microscépio ap6s 0, 6 e 12h de incubacdo.
Como mostrado na Figura 38, o tratamento com composto DLT-02 resultou em inibicdo da
capacidade de migracédo de células DU145 e o efeito foi mais proeminente em torno de 12 h,
contudo néo teve significancia estatistica (P>0.05).

Sabe-se que ha outros processos nos quais as células podem seguir para tornarem-se
inviaveis ou entrar em processo de morte, como por exemplo, a senescéncia ou diferenciacdo
celular. Desse modo, estudos de investigacdo devem ser realizados para melhor elucidacdo do

mecanismo de morte produzido pelo composto DLT-02.

55 CONCLUSAO

Foram avaliados quarenta e trés compostos, sendo dezoito do tipo 4-tiazolidinonas (LR-
01 a LR-18) e trés intermediarios desta mesma série (INT-1 a INT-3) e vinte e dois compostos
do tipo 1,3-tiazois.

A série LR e seus intermediarios ndo se mostraram toxicas frente a células humanas
sadias (PBMC) na dose maxima testada (100 uM). As linhagens de células em suspensao
apresentaram melhores resultados quando compara-se as linhagens de células oriundas de
tumores solidos, e, o destaque vai para 0 composto LR-14 que possui como caracteristica
estrutural uma fenila em N3 e uma metila em C5. Frente a células de leucemia mieldide cronica
(K562), o composto LR-14 apresentou o valor de Clso 20,96 um £ 5,84. Quanto ao ensaio de
inducdo de morte apds 24h de tratamento, o maior percentual de células mortas foi por apoptose
em ambas as concentragdes (20 uM e 30 uM). Enquanto que no ensaio apos 48h de tratamento,

0 maior percentual de morte foi através do processo de apoptose tardia/necrose.
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Para a série DLT, o composto DLT-02 destacou-se frente a 3 linhagens: DU145, MOLT-
4 e HL-60mx1. A Clso foi determinada para uma linhagem hematopoiética (MOLT-4) e para
uma linhagem oriunda de tumor sélido (DU145). Quanto a investigacdo do composto DLT-02
frente a DU145, percebeu-se a sua capacidade em diminuir a formacao de novas colonias, bem
como a inducdo de morte de células, uma vez percebida a presenca de nlcleos picnéticos.
Constatou-se também a influéncia antimigratdria do composto em até 12h, contudo ndo houve
significancia estatistica. Com relagcdo ao ciclo celular, o composto parece ndo influenciar
significativamente tanto na concentragdo do Clsp, bem como no dobro desta. Os dados da
analise da inducdo de morte sugerem que esta aconteceu por necrose ou apoptose tardia em
tempo e dose dependentes. Para o ensaio de ciclo celular em células de leucemia (MOLT-4), o
composto induziu arrasto celular na fase GO/G1, porém néo foi possivel verificar significancia
estatistica. Ensaios de investigacdo de morte devem ser realizados para melhor elucidacéo do

mecanismo de morte induzido pelo composto DLT-02.

5.6 PERSPECTIVAS

Quanto a série dos compostos DLT, estudos de investigacdo de morte do composto
DLT-02 frente a linhagens DU145 e MOLT-4 serdo realizados para melhor descricdo de sua

atuacdo, assim como o composto LR-14.

5.7 PARTE EXPERIMENTAL

5.7.1 Cultura e manutencéo das linhagens celulares

As linhagens celulares foram mantidas em garrafas de cultura celular de poliestireno
(TPP®) em estufa Umida a 37°C e 5% de CO: e acompanhadas diariamente com o auxilio de
um microscopio invertido. A troca do meio foi realizada sempre que havia necessidade de

renovacdo de nutrientes ou como recomenda o Data sheet de cada linhagem.
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5.7.2 Células oriundas de tumores sélidos

As linhagens aderentes foram obtidas pelo banco de células do Rio de Janeiro (BCRJ).
Tais células foram cultivadas em meio DMEM (Invitrogen®) contendo 10% de soro fetal
bovino (SBF) (Gibco®) inativado a 56°C por 1h; adicionou-se também 3g/litro de Bicarbonato
do Sddio (Sigma Aldrich®) e 200 U/mL de Penicilina/Estreptomicina (Gibco®). Os repiques
foram realizados em fluxo laminar quando as células atingiam a confluéncia de 80-85%. Para
tal o meio foi desprezado e as células foram lavadas com PBS/EDTA (137 mM NaCl, 2,7 mM
KCI, 10 mM Na2HPO4, 1,8 mM KH2PO4, 0,03 mM EDTA, pH 7,4 ajustado com HCI ). As
células foram deaderidas pela adicdo de tripsina 0,25% (Invitrogen®) por 5-10 minutos,
centrifugadas a 2000 rpm por 3 minutos e distribuidas nas garrafas em uma concentracdo média
de 1.10* células/mL.

5.7.3 Células hematopoiéticas

As linhagens hematopoiéticas foram obtidas pelo banco de células do Rio de Janeiro
(BCRJ). Tais células foram cultivadas em meio RPMI-1640 (Gibco®) contendo 10% Soro Fetal
Bovino (Gibco®) inativado a 56°C por 1h, adicionou-se também 3g/litro de Bicarbonato de
Sodio (Sigma-Aldrich®) e 1% de Penicilina/Estreptomicina (Gibco®). Para manutencdo do
meio as células foram centrifugadas por 7 minutos a 1500 rpm e distribuidas em concentracéao

média de 1.104 células/ml em garrafas contendo meio novo.

5.7.4 Ensaios de toxicidade

As células foram plaqueadas em placas de 96 pocos onde cada pogo recebeu a
quantidade de 1.10* de células. Apds 24h diferentes concentragdes dos compostos foram
adicionadas (0,1 uM, 1 uM, 10 uM, 100 uM) e as placas incubadas em estufa umida a 37°C e
5% de CO2 por 72h. Passado o periodo de incubagdo foi adicionado 20 pL da solugdo de MTT
(3-(4,5-dimetilazol-2-il)-2,5- difenil brometo de tetrazolina) na concentracdo de 5 mg/mL
diluida em PBS, as placas foram entdo protegidas da luz e incubadas mais uma vez em estufa
Umida a 37°C e 5% de CO> por um periodo de 3h. A reacdo foi entdo interrompida pela adigéo

de 130 uL de SDS 20% e a densidade optica medida ap6s 24 horas no comprimento de onda de
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560 nm. A leitura foi realizada em um leitor de microplacas (EL808 - Biotek®). A média da
densidade Optica dos pocos teste foi comparada com a média do grupo controle para a
determinag&o da viabilidade celular. Com base nos resultados dos ensaios de reduc¢éo do MTT,
foi determinada a viabilidade celular segundo a formula:

o (MDoCT — MDoBr)
%Viabilidade celular = 100 — x 100

(MDoDMSO — MDoBrDMSO0)
Onde:

e MDoCT equivale a média da densidade 6ptica da célula trada;

e MDoBr equivale a média da densidade 6ptica do branco;

e MDoDMSO equivale a média da densidade Optica do controle tratado com o veiculo
DMSO;

e MDoBrDMSO equivale a média da densidade dptica do branco tratado com o veiculo
DMSO.

Uma vez determinada a viabilidade celular, foram construidos graficos de dose resposta
com auxilio do software GraphPad Prism, versdo 6.00 para Windows (GraphPad Software®,
San Diego, CA, EUA).

5.7.5 Ensaio de toxicidade em células saudaveis ndo transformadas

As células mononucleares do sangue periférico (PBMCs) foram isoladas a partir do
sangue de voluntéarios sadios, por centrifugacdo com Ficoll PaqueTM Plus (GE Healthcare Bio-
Sciences). Para avaliar a seletividade dos compostos, foram realizados ensaios de reducdo do
MTT com células humanas mononucleares do sangue periférico (PBMCs) de sete individuos
sadios. As PBMCs foram expostas a concentracdo de 100 pM de cada composto. O IS foi

calculado conforme a seguinte razéo: ClsoPBMC/Clso linhagem tumoral.

5.7.6 Avaliacdo do potencial citotoxico/Triagem

Com a finalidade de pré-selecionar os compostos com atividade anti-proliferativa

significativa, as células foram tratadas em uma concentracao tinica de 10 uM de cada composto.
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Os compostos que apresentaram viabilidade celular inferior a 59% foram considerados ativos,
segundo o NCI60.

5.7.7 Ensaio clonogénico

Colocou-se por pogo 3x10* células de DU-145 em placas de 24 pogos. Incubou-se em
estufa tmida de CO> overnight. Os tratamentos foram realizados com o valor da Clso em 48
horas. Posteriormente, as células foram soltas, contadas e aproximadamente 300 células foram
colocadas em placas de 6 pogos e mantidas em estufa até o aparecimento de clones. Ap6s 15
dias, as células foram fixadas com paraformaldeido 7% durante 15 minutos, lavadas com PBS
1X e em seguida, coradas com cristal violeta 0,1% por 15 minutos. Os pocos foram lavados
com PBS 1X e mantidos a temperatura ambiente por 24 horas. Por fim, foi realizada a contagem

dos clones e posterior realizacdo das analises estatisticas.

5.7.8 Ensaio de migracéo celular (Wound-Healing)

Células DU145 foram plaqueadas utilizando-se de 3x10* por pogo. Foram utilizadas
placas de 24 pocos, as quais foram posteriormente incubadas em CO, overnight. Apds atingir
a confluéncia de 90%, o meio foi aspirado e duas lavagens com PBS 1X foram realizadas. Na
sequéncia, foram feitos duas linhas de marcacéo (estrias) perpendiculares utilizando uma pipeta
P200. Apbs o procedimento de marcacdo das estrias, as células foram tratadas com meio
completo. DMSO 0,1% (controle negativo), e o composto em sua Clso. Os pocos foram
fotografados no microscépio invertido (Eclipse Ts2 da Nikon) nos tempos Oh, 6h e 12h. Apos
obtencdo das fotos, a area livre final e inicial foi calculada com o programa ImageJ (Versao
1.49) (NIH, USA).

5.7.9 Ensaio de inducéo de morte por laranja de acridina/DAPI

A inducdo de morte ap0s o tratamento foi avaliada por dupla coloracéo de fluorescéncia

com DAPI (Sigma) e laranja de acridina. As células DU145 foram tratadas com o composto
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DLT-02 utilizando o dobro da sua Clso e apds 72h horas de tratamento, as células foram lavadas
2 vezes com PBS 1X e fixadas com paraformaldeido a 4% durante 20 minutos. Em seguida, as
células foram coradas com laranja de acridina (8,5 ug /mL) e o corante nuclear DAPI (5 ug
/mL) durante 15 min, com auséncia de luz. Depois, lavadas novamente por 2 vezes com PBS
1x. As laminas foram fotografadas com a objetiva na ampliacdo de 10x do microscépio de
fluorescéncia Eclipse Ts2, Nikon. As células que entraram em processos de morte celular foram

caracterizadas pela condensagdo da cromatina (nlcleo picnotico).

5.7.10 Avaliacéo da inibicédo do ciclo celular

As células DU-145 e MOLT-4 foram distribuidas em placas de 6 pogos numa
concentracdo de 5x10° células por poco e incubadas por 24 horas. Apds esse periodo, foram
tratadas na concentracdo do Clsgp dos compostos. O controle positivo utilizado foi a
Doxorrubicina. Apos 48 horas de tratamento, as células foram tripsinizadas (DU-145) e lavadas
2 vezes com PBS 1x e fixadas em alcool 70% e armazenadas a -20°C. Apds cerca de dez dias
dias, as células foram lavadas 2 vezes com PBS 1x e marcadas com iodeto de propideo (5
mg/mL)/ RNase A (0,25 mg/mL) em PBS 1x por 20 minutos no gelo e protegido da luz. O
contetdo de DNA celular foi quantificado através de citometria de fluxo utilizando o citdmetro
de fluxo Accuri C6, onde a porcentagem de DNA em cada fase do ciclo foi calculada utilizando

o0 programa C6 software (Becton, Dickinson and Company, USA).

5.7.11 Avaliacdo da inducao de morte por citometria de fluxo

As células foram tratadas com Amsacrina ou Doxorrubicina, bem como pelo composto
DLT-02. Apds 48h e 72 horas de tratamento, as células foram centrifugadas, lavadas 2 vezes
com PBS 1x e marcadas com 100uM iodeto de propidio (5mg/mL)/RNase A (0,25mg/mL) e
5uM de Anexina V-FITC por 20 minutos com auséncia de luz, seguida pela leitura no Citbmetro
de Fluxo Accuri C6.
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5.7.12 Andlises estatisticas

Os resultados foram analisados por teste t (Student), utilizando o programa GraphPad
Prism 5 (GraphPad Software Inc., San Diego, CA, EUA). A diferenca foi considerada
estatisticamente significativa quando p < 0,05. Trés experimentos independents foram
realizados em triplicata. Os valores de Clso foram obtidos por regressdo nédo linear com o
programa OriginPro (8.0; OriginLab, Northampton, Massachusetts, USA).
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6 CONCLUSAO

Vinte e dois compostos do tipo 1,3-tiaz6is foram devidamente sintetizados e
caracterizados. A série de tiazolidinonas tiveram suas estruturas expostas também no capitulo
2.

Realzou-se a investigacao dos tiazois frente & atividade anti-T. cruzi em alguns ensaios
in vitro com as formas amastigotas e tripomastigotas. Os destaques vdo para 0S compostos
DLT-02, DLT-03, DLT-04, DLT- 11 e DLT-13, além do composto DL T-10.

A investigacdo das duas classes de moléculas (tiazolidinonas e tiazdis) para a atividade
antineoplasica também foi realizada. As tiazolidinonas testadas ndo foram toxicas em células
ndo transformadas (PBMCs). Os compostos mostraram melhor perfil frente a linhagens
hematoldgicas, com destaque para o composto LR-14. Em leucemia mieldide cronica (K562),
0 composto induziu parada na fase S/G2/M do ciclo celular. Percebeu-se maior inducéo de
morte por apoptose em 24h, e, para 48h apos o tratamento, houve maior inducdo de morte por
apoptose tardia/necrose, entretanto, ndo verificou-se significancia estatistica.

Apos triagem realizada com a série DLT, identificou-se 0 composto DLT-02 com
menor valor de viabilidade celular em trés linhagens. Quanto a investigacdo do composto DL T-
02 frente a DU145, percebeu-se a sua capacidade em diminuir a formacdo de novas colonias,
bem como a inducao de morte de células, uma vez percebida a presenca de ndcleos picnoticos.
Com relacao ao ciclo celular, o composto parece nédo influenciar significativamente tanto na
concentra¢do do Clsp, bem como no dobro desta. Os dados da analise da inducdo de morte
sugerem, que parte desta, aconteceu por necrose ou apoptose tardia em tempo e dose

dependentes.
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Currently, cancer and its progression to metastasis result in a large number of deaths. The lack of new
drugs, appropriate clinical trials for metastasis preventive drugs and incomplete understanding of the
molecular machinery are the major obstacles in metastasis prevention and treatment. On the other hand,
thiosemicarbazones and their bioisosteres, thiazole and thiazolidinone are recurring in a wide range of
biologically active compounds that reach different targets within tumor context and represent a
promising start point to access potential candidates in metastatic cancer. Therefore, the search for new
lead compounds showing highest anticancer potency and less adverse effects is the major challenger in
drug discovery. The search was based from 1994 to 2018, focusing on thiosemicarbazone, thiazole and
thiazolidinone cores that allowed us to discuss how the three multi-target motifs have been used for the
target-based design and development of anticancer agents. In the lasts years, thiosemicarbazone, thia-

Thiazole
Heterocyclic zole, and thiazolidinone cores are recurrent in many approaches for cancer therapy. In our search, it was
Anticancer verified that due to its biodiversity and versatility the anticancer potential of such structures has been
Metastasis assigned to distinct mechanisms reinforcing the value of these cores in the anticancer drug development,
The present article aims point out the current application of thiosemicarbazone, thiazole and thiazoli-
dinone cores in the design of anticancer agents within tumor progression, acting via varied targets such
as cathepsins, NDRG1 gene and kinases, showing in vitro tests, in vivo tests and clinical trials. In our
search it was possible to verify that thiazole is the most studied and the most important of the three
structures. Therefore, we hope to provide new insights and valuable inspiration in the research of new
drugs and development and contribute to the management of cancer.
© 2019 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Cancer is a public health problem, especially in underdeveloped
countries. According to the World Health Organization (WHO),
more than 20 million new cases are estimated to 2025. This pa-
thology is highly complex, given heterogeneous and multifactorial
causes [1]. Studies aimed to elucidate the oncogenic process have
been proposed over the centuries [2].

Neoplastic cells in early tumors retain expression of the key
biological phenotypes of epithelial cells, as well the lack of motility
and an ability to form continuous cell sheets. These singularity
contrasts starkly with those of cells present in advanced carci-
nomas, which arise as products of a complex succession of steps
that are often termed “tumor progression”. Cells of highly aggres-
sive primary tumors display mesenchymal features, including
motility and invasiveness, the latter of which is associated with
metastatic dissemination [3-5].

It is worthy to mention that the epithelial-mesenchymal tran-
sition (EMT) is a key step for cancer cell migration, invasion and
metastasis. The metastasis is the term used to describe the prop-
agation of cancer cells from the primary tumor to circumjacent
tissues and distant organs that involves a series of sequential and
interrelated steps [6-9]. Moreover, metastasis is the last and the
worst consequence of cancer, reaching more than 90% of all deaths
associated with solid tumors in animals and humans [10,11]. In the
metastatic cascade cancer, cells must disconnect from the primary
tumor, intravasate into the circulatory and lymphatic systems,
evade immune attack, extravasate at distant capillary beds and
invade and multiply in distant organs [12-14].

Thiosemicarbazones and their bioisosteres, thiazole and thia-
zolidinone (Fig. 1), possess a remarkable pharmacological profile
and constitute an important class of compounds whose properties
have been extensively studied in Medicinal Chemistry. These cores
are found in synthetic and natural products that bind to a plethora
of different targets. Such structures have been utilized to develop

Thiazole core

Thiazolidinone core

Fig. 1. Structures of thiosemicarbazones and their bioisosteres: thiazole and
thiazolidinone.

synthetic drugs and drug-like molecules with a variety of phar-
macological effects [15—-21]. Biological evaluations and mecha-
nisms studies of anticancer thiosemicarbazone, thiazoles and
thiazolidinones displayed that these compounds target several
pathways in cancer cells. A significant number of molecules con-
taining these cores scaffolds has been described as inhibitors such
as cathepsins inhibitors, novel histone deacetylase (HDAC) in-
hibitors, kinase inhibitors. The thiazole ring should be highlighted,
once this ring is present in Dasatinib currently used in anticancer
therapy and also in SNS-032, currently in clinical trials. Therefore,
in this review, we bring the importance of these multi-target
structures in the framework development of future drugs for tu-
mor cells, focusing on progression and metastatic stage. Also, ar-
ranged by their biological targets, we summarize the versatility of
thiosemicarbazones and their bioisosteres, the SAR studies
described in the literature which lead to the discovery of diverse
new drugs acting against tumor progression.

2. Thiosemicarbazones

2.1. Tumoral progression and metastasis — in vitro and in vivo
studies

Thiosemicarbazones has occupied a prominent place in medic-
inal chemistry because of their broad profile of biological activities
such as antitumor [22], antibacterial [23], antifungal [24], antiviral
[25], antiprotozoal [26], among others (Fig. 2). These classes of
compounds present chelating properties, which favor the
biochemical mechanisms, being the antineoplastic activity the
most explored [23,27—30].

The anti-tumor mechanism of thiosemicarbazones could be
through the inhibition of DNA synthesis [31]. Thiosemicarbazones

Antitumor

Antiviral Antifungal
"R
Thiosemicarbazone
Antibacterial Antiprotozoal

Fig. 2. Biological activity profiles of thiosemicarbazones.
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could stabilize the cleavable complex between topoisomerase Il
and DNA through alkylation of thiol on the top II-DNA complex. In
addition, thiosemicarbazones can inhibit iron-containing enzyme
ribonucleotide reductase by metal ion chelation because iron has
been shown to be an essential molecular target in the proliferation
of cancer cells and generation of reactive oxygen species [32].

One of the most used thiosemicarbazones in medicinal chem-
istry is the 3-aminopyridine carboxaldehyde thiosemicarbazone, 3-
AP or Triapine (1) (Fig. 3). This compound was synthesized and
tested as a potent RR (Ribonucleotide Reductase) inhibitor for
cancer treatment and has since entered Phase I and II clinical trials
[30,33,34]. Triapine showed to be more active than the hydroxy-
urea, that was already used in clinical treatments and act after a
different mechanism. In vitro studies showed the capability of Tri-
apine” to inhibit the growth of both HU-sensitive and resistant
cancer cells, including L1210 leukemia (ICs0=1.3 uM) [35,36].
Moreover, Triapine™ demonstrated anticancer activity without
marked toxicity in L1210 leukemia, M109 lung carcinoma and
A2780 ovarian carcinoma xenografts in mice [37]. In addition,
despite the Desferrioxamine (DFO) is clinically used for the treat-
ment of iron overload disease, studies showed that thio-
semicarbazones chelators are more effective regarding
antineoplastic properties [18].

Throughout the years, innumerable derivatives from Triapine
and other thiosemicarbazones types have been explored as anti-
cancer agents. As an example, hybrid compounds of thio-
semicarbazones attached to natural product derivatives were
identified with potent anticancer activity. E.g.: anthraquinone-
thiosemicarbazone derivatives that efficiently inhibited cancer
cell growth at micromolar concentrations (HelLa, MDAMB-361,
MDA-MB-453, K562, A549) [32], nopinone-based thio-
semicarbazone derivatives with potent antitumor activity against
three human cancer cell lines (MDA-MB-231, SMMC-7721 and
Hela) [38]; mono-substituted hybrids of phenoxodiol with thio-
semicarbazides with potent anti-proliferative activity against
breast and brain cancer cells [31]; limonene-based thio-
semicarbazones with promising cytotoxic effects against PC-3
adenocarcinoma prostate cells [39].

Based on structure-activity relationship (SAR) studies for cancer
and metastasis involving thiosemicarbazones, it was observed that
this structure acts not only in a single biological pathway and some
of them presented a better antitumor profile than drugs already
inserted in the therapeutics. Therefore, we will discuss the main
pathways used by these promising chemical structures. Table 1 lists
the thiosemicarbazone derivatives, the respective cancer cell line
and target for which of these compounds demonstrated activity.

2.2. Thiosemicarbazone based compounds as cathepsins inhibitors

In some trials, it has been shown that two specific cysteine
proteases, cathepsins L and B participate in tumor progression,
angiogenesis and metastasis [40]. The cathepsins L and B belong to
the papain family of lysosomal cysteine proteases that include also
cathepsins like C, F, H, K and X. These cathepsins are overexpressed
in some types of cancer, such as lung, prostate, gastrointestinal and
breast. Studies with tumor cells have demonstrated that the loca-
tion of cathepsin B and L increases and changes the level of severity
of the human tumors [41]. The increase of cellular expression of the

Fig. 3. Structure of 3-AP or Triapine (1),

cathepsin L is associated with more aggressive tumors and/or with
unsuccessful clinical results [42]. Studies show that cathepsin L also
acts in melanoma cells, since it has been shown that non-metastatic
melanoma cells are converted into metastatic cells by expression of
cathepsin L. Thus, due these implications, cathepsins appear to be
promising targets for the development of new drugs [43]. In
agreement, some authors explored these targets and they have
found interesting results (Fig. 4).

Generally, cysteine proteases are small monomeric proteins
with a mean mass of approximately 30 kDa. Structurally, the ca-
thepsins consist of a left and a right domain with a V-shaped active
site cleft located along the domain interface. This site contains two
active residues, a Cys-25 located on the left domain and a His-159
located on the right domain, which together form a stable
thiolate-imidazolium ion pair essential for the enzyme's activity
[44].

Some benzophenone thiosemicarbazones derivatives were
synthesized and their ability to inhibit the cysteine proteases
cathepsin L and cathepsin B were tested [44]. Over the time, de-
rivatives were obtained by different collaborators, as shown below.
In the first series, the thiosemicarbazones possess phenolic moiety
with a meta-bromo substituent in aryl ring system and a second
aryl ring along with a variety of functional groups. Six compounds
showed cathepsin L inhibiton (IC59 < 85 nM) properties and some
of them were selective toward the inhibition of cathepsin L versus
cathepsin B, showing values of ICsq > 10,000 nM. They showed a
potential property to arrest or limit cancer metastasis. The 3-
bromophenyl-2-fluorophenyl thiosemicarbazone (2) also effi-
ciently inhibits cell invasion of the DU-145 human prostate cancer
cell line [44] (Fig. 5).

Molecular modeling of the most active analogue (2) with
cathepsin L showed that the conformation with the most favorable
relative interaction energy places the bromophenyl ring deep into
the S2 pocket with the thiosemicarbazone in close proximity to the
active site Cys-25. The thiosemicarbazone is oriented at the active
site by two hydrogen bonds between the NH and NH; groups and
the enzyme Asp-162 [44].

Others benzophenone thiosemicarbazones were synthesized by
Kumar et al. and tried in cathepsins. The series of thio-
semicarbazone analogues based on the benzophenone moiety
revealed the two most potent inhibitors of cathepsin L (compounds
3 and 4) with IC59 < 135 nM value [43,45] (Fig. 5).

The benzophenone thiosemicarbazone synthesized by Cha-
varria and collaborators named KGP94 (3) showed to be a time-
dependent, reversible and competitive inhibitor of cathepsin L
that also prevented both migration and invasion of MDA-MB-231
human breast cancer cells. It is supposed that the inhibitor estab-
lishes a covalent bond between the thiocarbonyl group with the
thiolate moiety of Cys25 of the active site [17]. The in vivo tumor
model used was a C3H mouse mammary carcinoma, with female
CDF1 mice, 10—14 weeks old. Tumor cells were injected in the right
rear foot of mice. Experiments were performed when tumors had
grown to about 200 mm?, which generally occurred 3 weeks after
inoculation [4G). In this experiment, it was possible to observe a
delay in tumor growth.

Sudhan et al. reported the intracardiac injection of human PC-
3ML prostate cancer cells into nude mice to examine tumor cell
dissemination in a preclinical bone metastasis model. Studies with
the small molecule KGP94 resulted in a significant reduction in
metastatic tumor burden in the bone and an improvement in
overall mice survival. The Cathepsin L inhibition by KGP94 also led
to a significant impairment of tumor initiated angiogenesis.
Furthermore, KGP94 treatment decreased osteoclast formation and
bone resorptive function, thus, perturbing the reciprocal in-
teractions between tumor cells and osteoclasts within the bone



118

240 LRP. de Siqueira et al. / European Journal of Medicinal Chemistry 170 (2019) 237—-260

Table 1
Thiosemicarbazone derivatives and their activity against cancer.

Thiosemicarbazones with anti-cancer activity

Code Structure Cancer cells Action Mechanism Receference
1 -~ i L1210, KB, L1210, M109, A2780 RR inhibition [30,33-37)
o s
.
2 le DU-145 Cathepsin L inhibition |44]
o
X0
3 x«m DU-145, MDA-MB-231, PC-3ML Cathepsin L inhibition [17.43,45—47]
s
4 N DU-145 Cathepsin L inhibition [43.45]
1
sae
5 EY“' MDA-MB-231 Cathepsin L inhibition 48]
o N'm
T
6 M MDA-MB-231 Cathepsin L inhibition [48]
o N'm
7 %Ym. MDA-MB-231 Cathepsin L inhibition [48]
o N'm
LT 0
i i
9 i - Cathepsin B inhibition [49]
o
é
10 MIAPaCa-2, PANC-1, CAPAN-2 and CFPAC-1 NDRG1 inhibition [59]
1 MIAPaCa-2, PANC-1, CAPAN-2 and CFPAC-1 NDRC1 inhibition 59]
12 | MIAPaCa-2, PANC-1, CAPAN-2 and CFPAC-1 NDRG1 inhibition [59]
ZH
|
D R (i
13 <l SK-N-MC NDRG1 inhibition [23]
B il G-
SK-N-MC NDRG1 inhibition 23]

14
E: i
T R

microenvironment which typically result in bone loss and aggres-
sive growth of metastasis. These functional effects were accompa-
nied by a downregulation of NFkB signaling activity and expression
of osteoclast genesis related NFkB target genes. These data indicate
that KGP94 has the potential to decrease metastatic disease pro-
gression which is associated with skeletal morbidities. Therefore, it
would be useful in the treatment of advanced prostate cancer pa-
tients [47].

A series of fourteen benzoylbenzophenone thiosemicarbazones
were selective in inhibit the cathepsin L The 3-
benzoylbenzophenone  thiosemicarbazone  (5),  1,3-bis(4-

fluorobenzoyl)benzenethiosemicarbazone (6), and 1,3-bis(2-
fluorobenzoyl)-5-bromobenzene thiosemicarbazone (7) showed
the greatest potency against cathepsin L with ICsg values of 9.9 nM,
14.4nM, and 8.1 nM, respectively. Compound 7 also inhibited in-
vasion through matrigel of MDA-MB-231 breast cancer cells by 70%
at 10 uM [48] (Fig. 6).

The synthesis of substituted semicarbazones and thio-
semicarbazones and their effects on lysosomal cysteine protease,
cathepsin B were demonstrated [49]. Previously, inferred thio-
semicarbazones and semicarbazones were able to inhibit endoge-
nous proteolytic activity. Thus, they also showed that
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Fig. 4. Thiosemicarbazones with cathepsin inhibition activity. Source of Cathepsin

structures: Cathepsin L (hrtp://www.rcsb.org/structure/2XU1); Cathepsin B (http://
www.rcsb.orgfstructure/3AI8).
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Fig. 5. Structures and activities of benzophenone thiosemicarbazone derivatives.
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Fig. 6. Structures of cathepsin L inhibitors.

thiosemicarbazones were better than the semicarbazones in inhibit
the cathepsin B. Among ten semicarbazones and ten thio-
semicarbazones, the chloro-phenyl derivatives, compounds 8 and
9, have been found to inhibit cathepsin B most effectively. The

maximum inhibition was found to be 30% with the Ki value of

1.16 x 10~* M for the o-chlorobenzaldehyde semicarbazone (8) and

was up to 90% with Ki value 148 x10°M for o-chlor-

obenzaldehyde thiosemicarbazone (9) (Fig. 7).
Thiosemicarbazones are shown to be effective in inhibiting both

Thiosemicarbazones { - *

Semicarbazones .;)

e Cl K = 6.014x 107
L p-C) Ki=307x1004m

Fig. 7. Inhibitors to cathepsin B.

cathepsins, with emphasis on the compound KGP94 (3), which
displayed the importance of bi-phenyl moiety substituted by a
meta-Br and a second OH-meta in the aryl ring systems. The in vivo
tests were performed with compound 3 and promising results were
obtained on cathepsin L, which is related to the most aggressive
tumors.

The presence of certain structural features is important to the
maintenance of the biological activity against cathepsin L. For
example, compounds that possess aromatic rings substituted by a
bromime in meta position, were the most active. Besides, the
presence of a fluorine atom in ortho position resulted in compounds
with ICsp values of 30.5 nM (compound 2) to 8.1 nM (compound 7)
toward cathepsin L inhibition (Fig. 8). Thus, the insertion of halo-
gens atoms into the structure of drug candidates is shown to be an
important strategy, as was already evidenced by Hernandes et al.
[50].

2.3. Thiosemicarbazones: target NDRG1 gene

The N-myc downstream regulated gene 1 (NDRG1) is well
known as a metastatic suppressor in some human cancers, also
acting in a number of physiological processes such as cellular dif-
ferentiation and cell cycle. The NDRG1 acts through on a variety of
cellular signaling pathways, including the TGF-f pathway, protein
kinase B (AKT)/PI3K pathway, RAS, etc. [51,52]. It is a potent, iron-
regulated [53,54] growth and metastasis suppressor that was
found to be negatively correlated with cancer progression in a
number of tumors, including prostate, pancreatic, breast and colon
cancers [52]. Studies with patients related to higher levels of
NDRG1 showed a more positive outcome when compared to those
with lower levels of NDRG1 [55-57]. Itis important to highlight the
role of NDRG1 in cancer types and their inhibitors, such as thio-
semicarbazones [58] (Fig. 9).

Kovacevic et al. revealed that some Triapine derivatives, called
Dp44mT (di-2-pyridylketone-4,4-dimethyl-3-thiosemicarbazone),
compound 10, and DpC (di-2-pyridylketone-4-cyclohexyl-4-
methyl-3-thiosemicarbazone), compound 11 (Fig. 10), showed

Fig. 8. Structures with insertion halogens Br and F (compounds 3, 2 and 7) and
cathepsin L inhibiton.
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NDRG1
Up-regulators

Fig. 9. Thiosemicarbazones with NDRG1 up-regulate activity. Source of NDRG1

structure (http://www.rcsh.org/structure/2XMR).
\
)
o
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Fig. 10. Triapine derivatives: Dp44mT (10) and DPC (11).

in vitro and in vivo activity, in the increase of growth expression and
metastasis suppressor NDRG1. The results showed that the anti-
proliferative activity for pancreatic cancer cells (MIAPaCa-2, PANC-
1, CAPAN-2 and CFPAC-1) was significantly higher in vitro than
gemcitabine, already used in the clinical treatment of pancreatic
cancer, and 5-fluorouracil, as shown in Table 2. These agents also
increased the expression of the cyclin-dependent kinase inhibitor
p21CIP1/WAF1, while decreasing cyclin D1 in pancreatic cancer
cells. Besides compound DpC (11) inhibited the growth of pancre-
atic cancer xenografts without evidence of marked changes in
normal tissue histology [59].

Wangpu et al. highlighted the role of the ROCK1/pMLC2
pathway in the NDRG1-mediated antimetastatic signaling network
and the therapeutic potential of iron chelators at inhibiting
metastasis. They established the NDRG1 overexpression and
knockdown models using the DU145 and HT29 cancer cell lines to
investigate the molecular basis by which NDRG1 exerts its inhibi-
tory effect on cell migration. It was demonstrated that NDRG1
overexpression inhibits cell migration by preventing actin-filament
polymerization, stress, fiber assembly and formation. In contrast,
NDRG1 knockdown promotes the opposite effect. The phosphory-
lation of MLC2 is a key process in inducing stress fiber contraction
and this was shown to be markedly affected (decrease or increase)
by NDRG1 overexpression or knockdown, respectively. The mech-
anism involved in the inhibition of MLC2 phosphorylation by
NDRG1 was mediated by a significant decrease in ROCK1 expres-
sion, a key kinase involved in MLC2 phosphorylation. The ability of
these thiosemicarbazones to inhibit cell migration and progression
could be mediated, at least in part, through the FAK/paxillin
pathway, that was tested through immunofluorescence [G0].

Chelators inhibit the TGF-f-induced EMT via process consistent
with NDRG1 up-regulation and elucidate the mechanism of activ-
ity. Transforming growth factor-§ (TGF-) regulates the EMT and
the metastasis suppressor gene, N-myc downstream regulated
gene-1 (NDRG1), could play a role in regulating the TGF-p pathway.

Table 2
ICsq values after 72-h incubation (£S.D. (three to five experiments),

The NDRG1 expression is markedly increased after chelator-
mediated iron depletion via hypoxia-inducible factor 1z-depen-
dent and independent pathways [53]. The study demonstrated that
iron chelators could inhibit the EMT via NDRG1 up-regulation.
Moreover, desferrioxamine and di-2-pyridylketone-4,4-dimethyl-
3-thiosemicarbazone (Dp44mT — 10), inhibited the TGF-B-induced
EMT by maintaining E-cadherin and p-catenin, at the cell mem-
brane. It was then established stable clones between NDRGC1 over-
expression and knockdown in HT29 and DU145 cells [29].

According to Richardson et al. the effects of Dp44mT (10) in
prostate cancer take place via selective targeting of the PI3K/AKT,
TGF-f and ERK pathways. The Dp44mT increased levels of tumor-
suppressive PTEN and decreased phosphorylation of ERK1/2 and
SMAD2L, which are regulated by oncogenic Ras/MAPK signaling.
The effects of Dp44mT on NDRG1 and p-SMAD2L expression were
more marked in prostate cancer cells than normal prostate
epithelial cells. This may partly explain the anti-tumor selectivity of
this agent. Silencing NDRG1 expression increased phosphorylation
of tumourigenic AKT, ERK1/2 and SMAD2L and decreased PTEN
levels, whereas NDRG1 overexpression induced the opposite effect.
Furthermore, NDRG1 silencing significantly reduced the ability of
Dp44mT to suppress p-SMAD2L and p-ERK1/2 levels [61].

Some metals, like iron and copper act as potent metastasis
suppressors due to their ability to up-regulate the metastasis sup-
pressor gene, NDRG1 target. They demonstrated that their anti-
cancer activity is because metals are chelators with
thiosemicarbazones, bis-thiosemicarbazones and di-2-
pyridylketone thiosemicarbazones. In addition, DpC (11) has the
ability to overcome resistance to currently used chemotherapeu-
tics. The compound DpC is entered clinical trials in 2016, demon-
strating the potential of exploiting redox cycling metal ions as an
important strategy for novel anti-cancer chemotherapeutics [37].

Recent studies showed a novel approach for the treatment of
tumors resistant to traditional epidermal growth factor receptor
EGFR inhibitors. The role of NDRG1 on the EGFR and other mem-
bers of the ErbB family, called human epidermal growth factor re-
ceptor 2 (HER2) and human epidermal growth factor receptor 3
(HER3) were examined. They demonstrated that NDRG1 markedly
decreased the expression and activation of EGFR, HER2 and HER3 in
response to the epidermal growth factor (EGF) ligand, while also
inhibited the formation of EGFR/HER2 and HER2/HER3 hetero-
dimers. In addition, NDRG1 also decreased activation of the
downstream MAPKK in response to EGF. Compound 10 and 11,
which markedly up-regulate NDRG1, were found to inhibit EGFR,
HER2, and HER3 expression and phosphorylation in cancer cells.
However, the mechanism involved appeared dependent on NDRG1
for 10 but was independent of this metastasis suppressor for 11.
Therefore, the small structural changes in thiosemicarbazones
resulted in marked alterations in molecular targeting [52].

Yu et al. demonstrated that Fe chelation alone is not enough to
generate compounds with pronounced antitumor efficacy. The
structure-activity relationships studies demonstrated that chela-
tors containing hard electron donors such as oxygen typically lead
to ligands that bind Fe'" with high affinity that lack of antitumor
efficacy. In contrast, ligands with soft donors such as sulfur and
nitrogen lead to compounds that can redox cycle and induce a

Cells lines Dp44mT (10) pM DPC(11) pM Gemcitabine yM 5-Fluorouracil pM
MIAPaCa-2 0.001+0.001 0.005 + 0.001 0.016 + 0.005 24.267 +6.345
PANC-1 0.004 +0.001 0.030 £ 0.002 10.988 + 0.799 62.303 +£6.536
CAPAN-2 0.001 +0.001 0.020 + 0.008 40.791 £ 4.723 54.247 +17.129
CFPAC-1 0.200 +0.054 0.203 £ 0.155 0.022 +0.020 41.221 +1.069
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“double punch”, namely, marked chelation and redox activity. Such
compounds include the thiosemicarbazone chelators such as 3-AP
(compound 1), DpT (di-2-pyridylketone thiosemicarbazone, com-
pounds 10, 11 and 12), the ApT (2-acetylpyridine thio-
semicarbazone, compound 13) and BpT (2-benzoylpyridine
thiosemicarbazone, compound 14) series (Fig. 11).

Four of the six ApT chelators demonstrated potent antiproliferative
activity in the human SK-N-MC neuroepithelioma cell line
(ICs0 = 0.001-0.002 uM) and demonstrated Fe chelation efficacy
similar to that of the most effective BpT and DpT ligands. The exami-
nation of BpTseries through in vitro assays revealed that BpTanalogues
possess greater antiproliferative activity than the corresponding DpT
analogues. Detailed investigations of the thiosemicarbazone of ligands
have demonstrated that they are highly effective chelators that, be-
sides RR, also target a range of other molecules including NDRG1
which contribute to their anticancer effects [23].

In the review “expanding horizons”, novel thiosemicarbazone as
chelators, acting by a “double punch” mechanism was investigated.
These compounds are able to bind intracellular iron and promote
redox cycling reactions displaying marked potency and selectivity
in vitro and in vivo against some tumors. The general mechanisms
by which iron chelators selectively target tumor cells through the
sequestration of intracellular iron, fall into the following categories:
(1) inhibition of cellular iron uptake/promotion of iron mobiliza-
tion; (2) inhibition of ribonucleotide reductase, the rate-limiting,
iron-containing enzyme for DNA synthesis; (3) induction of cell
cycle arrest; (4) promotion of localized and cytotoxic reactive ox-
ygen species production by copper and iron complexes of thio-
semicarbazones (e.g., Triapine™ and Dp44mT); and (5) induction of
metastasis and tumor suppressors. Pieces of evidence indicate that
chelators can damage more cancer phenotype via inhibiting the
epithelial-mesenchyme transition that is critical for metastasis and
by modulating ER stress [G2].

It is possible to notice, through the cited studies, that NDRG1 is
involved in the neoplastic context in several ways: protein kinase B
(AKT)/PI3K pathway, RAS, etc. Therefore, thiosemicarbazones, with
or without the presence of chelators, are related in different ways to
the biological targets mentioned but converge to increase NDRG1
levels. The Triapine derivatives (DpC, DpM44T, ApC and others)
have shown promise results in this biological target (Fig. 12).

2.4. Thiosemicarbazones in clinical trials

Some thiosemicarbazones are in clinical trials, in particular,
Triapine (1). Table 3 presents the synopsis of the clinical trials using
Triapine (Fig. 3).

Feun et al. showed a Phase | study with the 3-AP and the
pharmacokinetic profile was analyzed using a single intravenous
dose schedule that ranged from 5 mg/m? to 105 mg/mZ. Blood and
urine samples were collected and 3-AP was measured by HPLC. The
serum concentration peak of 3-AP increased linearly with dose. No
tumor responses were observed in this heavily pretreated
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Fig. 11. Structures of the thiosemicarbazone chelators DpT (12), ApT (13) and BpT (14).
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Fig. 12. The common pharmacophore of NDRG1 inhibitors.

population, although eight patients presented tumor stabilization.
Therefore, relevant tumor inhibitory concentrations were achieved
without significant toxicity using doses up to 105 mg/m? on this
single intravenous dose schedule [33].

In other Phase I study, Feun et al. tested the 3-AP in combination
with gemcitabine in patients with advanced cancer. They
concluded that 3-AP at 105 mg/m? infused over 2—4 h followed by
gemcitabine at 1000 mg/m? on days 1, 8, and 15 schedules every 28
days was generally well-tolerated and had a toxicity profile similar
to that of gemcitabine alone. This combined therapy promoted
antitumor activity and merits further exploration in phase II trials
[63]. Another trial of phase Il study was done by using 3-AP and
gemcitabine in advanced pancreatic carcinoma and in advanced
non-small-cell lung cancer. In this two-step phase Il trial, patients
with advanced pancreatic adenocarcinoma had not received prior
chemotherapy for advanced disease. Both drugs were given on days
1, 8 and 15 of a 28-day cycle. The combination of 3-AP and gem-
citabine is associated with moderate toxicity in patients with
advanced pancreatic cancer. This two-stage trial was stopped after
stage I due to the lack of antitumor activity. On the basis of this
clinical trial, the combination of gemcitabine and 3-AP at this dose
and schedule does not warrant further study in this patient pop-
ulation [64]. Further development of 3-AP in lung cancer is chal-
lenged by its potential of causing methemoglobinemia and
hypoxia, which could be problematic in patients with compromised
pulmonary reserves [65].

The Phase | study of the 3-AP in combination with a high dose of
cytarabine in patients with advanced myeloid leukemia was made
by Odenike et al. Twenty-five patients with relapsed or refractory
myeloid leukemia were enrolled to three dose levels of 3-AP. The 3-
AP infusion preceded the start of the cytarabine infusion by 4 h. In
general, the toxicities observed with the combination were similar
to the expected toxicity profile for cytarabine when utilized as a
single agent. The combined therapy of 3-AP and cytarabine gave on
this schedule is feasible in advanced myeloid leukemia. The rec-
ommended Phase II trial, the dose is 75 mg/m?/day of 3-AP on days
2-5 given prior to cytarabine administered at a dose of 1000 mg/m?/
day over 5 consecutive days. The methemoglobinemia is a common
toxicity of this combination and requires close monitoring [G6].

Other phase II study with 3-AP but now with metastatic head
and neck squamous cell carcinoma (HNSCC). The HNSCC treatment
options are limited with response rates to cytotoxic chemotherapy
of 30% and median survival of 6 months; thirty patients were
assessable for response and toxicity. The 3-AP Triapine as a single
agent, at this dose 96 mg/mz. daily for 4 days every 14 days and
schedule, was well tolerated but exhibited low efficacy [G7].

Metastatic renal cell carcinoma (RCC), the 3-AP was tested in
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Table 3
Summary of the clinical trials using Triapine (3-AP).
Clinical Therapy Tumor type Outcome Reference
trial
Phase I Single intravenous dose range 5 mg/m2 to 105 mg/m2 Advanced cancer No tumor responses, tumor Feun, 2002
stabilization
Phase I 105 mg/m2 of 3-AP given over 2 h, gemcitabine 1000 mg/m2 on days 1, Advanced cancer 3-AP- well tolerated Antitumor Yen, 2004
8 and 15 of a 28-day cycle. response
Phase 11 105 mg/m2 of 3-AP given over 2 h. gemcitabine 1000 mg/m2 was given Pancreatic carcinoma and in Meoderate toxicity in patients with Mackenzie,
over30 min. advanced non-small-cell lung advanced pancreatic cancer. 2007

cancer
Advanced myeloid leukemia

Phase I 3-AP in combination with high dose of cytarabine

Phase Il 75 mg/m2/(day of 3-AP on days 25 given prior to cytarabine
administered at a dose of 1000 mg/m2/day over 5 consecutive days
Phase Il 75 mg/m2/day of 3-AP on days 25

Advanced myeloid leukemia

Lack of antitumor activity

Toxicities similar to the expected for Odenike
cytarabine as a single agent et al,, 2008
Methemoglobinemia toxicity, requires Odenike

close monitoring et al., 2008
Metastatic head and neck squamous Well tolerated but exhibited low Nutting,
cell carcinoma eficacy 2009
Metastatic renal cell carcinoma Fail in minimal efficacy criteria Knox, 2007

Phase I 96 mg/m2, 2-h infusion daily = 4 repeated every 2 weeks

Phase I Estimated the maximum tolerated dose (MTD) and oral bioavailability Advanced-stage solid cancers

Phase 1l Radiochemiotherapy associated with 3-AP (25mg/m2) and cisplatin
(40mg/m2)

Oral 3-AP was well tolerated; benefit Chao, 2012

rate of 25%
Stage IB2—IVB cervical or stage Il Tolerable and produced high rates of Kunos,
—IV vaginal cancers clinical and metabolic responses 2013

was given at a schedule of 96 mg/m? 2-h infusion daily x 4
repeated every 2 weeks in patients with recurrent RCC. The study
closed at the end of stage 1 as it did not meet the minimal efficacy
criteria to proceed. Further evaluation of Triapine at this dose and
schedule in patients with advanced kidney cancer is not recom-
mended [34].

In advanced-stage solid cancers, the Phase I study with the 3-AP
was designed to estimate the maximum tolerated dose (MTD) and
oral bioavailability of 3-AP in patients with advanced-stage solid
tumors. The oral 3-AP was well tolerated and presented an MTD
similar to its intravenous form after accounting for the oral
bioavailability. The oral 3-AP was associated with a modest clinical
benefit rate of 25% in the treated patient population [30].

The radiochemotherapy associated with 3-AP was analyzed by
Kunos et al. Brachytherapy followed (40Gy). 3-AP radio-
chemotherapy achieved clinical responses in 24 (96% [95% confi-
dence interval: 80—99%]) of 25 patients (median follow-up 20
months, range 2—35 months). 23 (96% [95% confidence interval:
80-99%]) of 24 patients had 3-month post-therapy PET/CT scans
that recorded metabolic activity in the cervix or vagina equal or less
than that of the cardiac blood pool, suggesting complete metabolic
responses. The association of 3-AP to cisplatin radiochemotherapy
was tolerable and produced high rates of clinical and metabolic
responses in women with cervical and vaginal cancers. Future
randomized phase Il and Il clinical trials of 3-AP radio-
chemotherapy are warranted [68].

About a locally advanced cervical cancer, it was used in Phase |
Trial of Pelvic Radiation, weekly cisplatin, and 3-AP, concluded that
3-AP was well tolerated at three times weekly i.v. 25 mg/m? doses
during cisplatin and pelvic radiation. No change in RNR activity was
found on day 1 versus day 10 in six early complete responders,
whereas elevated RNR activity was seen on day 10 as compared
with day 1 in four late complete responders (P = 0.02). Ten (100%)
patients with stage IB2 to IVB cervical cancer achieved complete
clinical response and remained without disease relapse with a
median 18 months of follow-up (6—32 months).

3. Thiazolidinones

3.1. Tumoral progression and metastasis — studies in vitro and
in vivo

The 4-thiazolidinones represent a class of compounds of great

interest in medicinal chemistry. This class of compounds presents a
variety of chemical properties and biological activities, such as
anticancer, antiviral, anticonvulsant, cardiovascular, anti-
inflammatory, analgesic, antidiabetic, antihyperlipidemic, antimi-
crobial, antituberculosis, antiparasitic, among others [ 17,28,55-57]
(Fig. 13). Some 4-thiazolidinones derivatives such as Ritalin (anti-
convulsant) and Etozoline (antihypertensive) are now on the
pharmaceutic market [69].

Concerning the antineoplasic activity, our approach will focused
regarding its anti-invasive, antimigratory and antimetastatic ac-
tivity, which seems to be until now relatively few explored, when
compared to their bioisosteric groups thiosemicarbazone and thi-
azoles. Table 4 lists the thiazolidinone derivatives, the respective
cancer cell line and target for which these compounds demon-
strated activity.

Wau et al. synthesized thiazolidinone series and evaluated their
effect in proliferation in two cells lines: A549 (human lung cancer)
and MDAMB- 231 (human breast cancer). In the two migration
assays, such the wound healing and transwell migration models,
compound 15 showed the best result with an 1C59 = 0.01-0.05 pM.
The compound 16 suppressed tumor growth and metastasis in vivo
and promoted survival rate [70].

Thiazolidinone scaffold has been reported to regulate the
cellular movements and strongly inhibit tumor growth and

Anticancer

Thiazolidinone

Antiparasitic Antiviral

Antituberculosis Anticonvulsant

Anti-

Antimicrobial inflammatory

Anti Analgesic
hyperlipidemic
Antidiabetic

Fig. 13. Biological profile of 4-thiazolidinone.
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Table 4
Thiazolidinone derivatives and their activity against cancer.

Thiazolidinones with anti-cancer activity

Code Structure Cancer cells Action Mechanism Receference
15 m@\L A549 and MDAMB- 231 - [70)
L
o
16 A549 and MDAMB- 231 - [70]
17 A549 HDACT1 inhibition [72)
18 AMDC-S and AMDC-AS - 1731

metastasis and offers the promising possibility of the discovery of
potent HDAC inhibitors [71,72]. It was synthesized a series of novel
histone deacetylase (HDAC) inhibitors and some compounds
showed potent HDAC1 inhibition with nM ICsp values. The com-
pound 17 showed better anti-metastatic effects than Vorinostat
(SAHA - approved by the FDA for the treatment of cutaneous T-cell
lymphoma (CTCL) in 2006) against migration of A549 cell line.
The anticancer effect of HDAC inhibitors could be also assessed
by their potency in inducing hyper-acetylation of histone H3 or H4,
therefore, compound 17 showed significantly upregulated the level
of acetylated histone H3 and H4 in a dose-dependent manner.
Compound 17 inhibits metastasis by means of modulating the
epithelial-mesenchymal transition (EMT). Western blot analysis
displayed the up-regulation of epithelial markers (E-cadherin and
f-catenin) and a downregulation of a mesenchymal marker
(vimentin) after treatment. Since the regulation of tubulin acety-
lation was closely related to cell motility, it was tested that com-
pound 17 was found to induce the acetylation level of «-tubulin
significantly. Therefore, anti-metastasis activity via modulating the
EMT, upregulating the acetylation of alpha-tubulin and showed
inhibitory activity against HDAC1 with IC50 =73 nM [72]. Among
compounds 15, 16 and 17 the presence of halogens is observed and
the best results can be attributed to those having Br atom. The
substitution in the thiazolidinone ring at the N3 position with bulky
groups can also be seen in all three compounds, suggesting an
important feature in planning future molecules (Fig. 14).
Gandalovicovd et al. showed the importance of working and
develop antimetastatic and anti-invasion drugs since both are
missing. Then the term "migrastatics” for involved drugs in with all
modes of cancer cell invasion and metastasis was created. They
ascertained the actin polymerization and contractility as a mech-
anism for migrastatics and review candidate migrastatic [ 73]. It was
possible to identify the thiazolidinone ring in a set of a variety of
chemical compounds. The compound 18, called “Latrunculin A"
presents in its structure a 14 or 16-membered macrolide base
attached to a 2-thiazolidinone moiety and was selected as a
migrastatic candidate drug. This compound exhibited >95% inhi-
bition of invasiveness at 100 ng/mL in AMDC-S and AMDC-AS cell

Thiazolidinones against A549 and MDAMB- 231

Presence of halogen atoms

B, ol )-8
O\L @LL agts

NH 5 NH 8
o
N N

15,16 and 17.

lines [73] (Fig. 15).

It is well known that thiazolidinone ring shows several biolog-
ical activities in the literature. Regarding the cancer progression,
the pharmacophoric group demonstrates good activities; although
a limited number of studies were found. Therefore, it is important
to deepen the studies about the results obtained so far and to
analyze new series containing the thiazolidinone ring with several
substitutions to increase the structure-activity relationship.

4. Thiazoles

4.1. Tumoral progression and metastasis — in vitro and in vivo
studies

The thiazole ring has been reported as an important core, pre-
sent in several active heterocycle compounds | 74 ). Moreover, due to
its versatility in the synthesis and wide pharmacological effects,
this nucleus has displayed attention in medicinal chemistry, acting
as a multitarget scaffold in several natural and synthetic com-
pounds. Over the years some biological activities of thiazole de-
rivatives have been pointed out (Fig. 16) like antimicrobial [75],
antibacterial [76], antifungal [ 76], anti-HIV [77], anti-inflammatory
[78], antiparasitic activity against S. mansoni worms [79]
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Fig. 15. Structure of compounds 15, 16, 17 and 18. Source of HDAC1 structure {(http://www.resh.org/structure/SICN),

antitubercular [80] and antitumor activity [74,81].

Some drugs that already are on the market including the recent
entry Dasatinib, possess thiazoles nucleus. In addition currently,
the antitumor drug SNS-032, is in the clinical trial [82]. Table 5 lists
the thiazole derivatives, the respective cancer cell line and target
for which these compounds demonstrated activity.

4.2. Thiazoles based compounds as kinases inhibitors

Kinase signaling pathways have been shown to drive many of
the hallmark phenotypes of tumor biology, including proliferation,
survival, motility, metabolism, angiogenesis and evasion of anti-
tumor immune responses. Kinases represent a large proportion of
actionable, cancer gene alterations and in the past decade, a sig-
nificant progress in generating novel therapeutic inhibitors took
place [83] (Fig. 17).

The thiazole nucleus is quite explored and promising toward
this biological target. Indeed, the drug currently available in the
market Dasatinib is an oral inhibitor of the tyrosine kinase BCR-ABL.

In the last ten years, it is possible to enumerate many works

Antitumor

Antiparasitic Anti-HIV
S />

Antibact
au
N
1,3-Thiazole
Antimicrobial

inflammatory

Antitubercular

Fig. 16. Biological profiles of 1,3-thiazole.

showing thiazole nucleus acting in kinases. Dae-Kee Kim et al
showed a series of 5-(pyridin-2-yl)thiazoles containing a meta- or
para-carbonitrile- or carboxamide substituted phenylmethylamino
moiety at the 2-position of the thiazole ring. This series was eval-
uated for their ALKS inhibitory activity. The ALKS inhibitor works
by preventing autophosphorolation of ALK5 and through inhibition
of the TGF-p pathway. The compound 19, inhibited TGF-f-induced
ALKS activity 98, 96, and 78% at 0.1 uM in luciferase reporter assays
using HaCaT cells transiently transfected with p3TP-luc reporter
construct, ARE-luciferase reporter construct, and SBE-luciferase
reporter constructs, respectively [84]. The carboxamide at the
meta-position was crucial to such result (Fig. 18 and Fig. 19).

These same authors tested another benzylamino-4(5)-(6-
methylpyridin-2-y1)-5(4)-([ 1,2,4]triazolo[ 1,5-a]|pyridin-6-yl) thia-
zoles series. The compound 20 inhibited ALK5 phosphorylation
with an ICsq value of 7.01 nM and showed 61% inhibition at 30 nM
in a luciferase reporter assay using HaCaT cells permanently
transfected with p3TP-luc reporter construct [85]. Structure-
activity relationship (SAR) studies of this series revealed that the
substitutions in C4 and C5 of thiazole ring, and specifically the
insertion of an amide group, a fluorine atom in meta-position of
phenyl ring were pivotal to maintain the biological activity (Fig. 20).

A series of 2,7-diamino-thiazolo[4,5-d]pyrimidines analogues
showed modest to potent EGFR inhibition, with ICsq values ranging
from micromolar to single digit nanomolar. SAR studies of this
series revealed that the preferred substituent on the 7-anilino was a
halogen atom such as chlorine or bromine at the meta-position,
while the 2-anilino group tolerated substitution with various
groups [86] (Fig. 21).

The c-Jun N-terminal kinase (JNK) pathway is one of the major
signaling cassettes of the mitogen-activated protein kinase (MAPK)
signaling pathway. It functions in the control of a number of cellular
processes, including proliferation, embryonic development and
apoptosis.

Significant attention has been given towards the identification
of c-Jun N-terminal kinase (JNK) inhibitors, as can be seen in Ngoei
et al. work [87]. They performed a silicon screen of commercially
available chemical databases to identify JNK1-interacting com-
pounds and also evaluated the in vitro JNK inhibitory activity. They
founded that compound 4'-methyl-N2-3-pyridinyl-4,5'-bi-1,3-
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Table 5
Thiazole derivatives and their activity against cancer.
Thiazoles with anti-cancer activity
Code Structure Cancer cells Action Mechanism Receference
Dasatanib qj\L - BCR-ABL inhibition [82)
Thiazofurin N){ % K562, HL-60, Jurkat and Hela IMPDH inhibition [106]
19 e o - ALKS inhibition [84]
e
QI,
20 % - ALKS5 inhibition [85]
21 C ,[:I - EGFR inhibition [86]
Ul
22 i - JNK1 inhibition [87]
(SReas]
23 e - [87)
hegessl
24 L. SHSYSY and K562 c-Src inhibition [89]
o B O
25 . {‘ NIH3T3/c-Src527F and SYF/c-Src527F c-Src inhibition [90]
AL M
26 3 % NIH3T3(c-Src527F and SYF/c-Src527F c-Src inhibition [90]
O AL SO
27  od - RSK2 inhibition [91]
..,.—ﬂ__
B
28 { - RSK2 inhibition [91]
<3O
29 Q - PI3Ks and mTORC1 inhibition [92]
i .
= M\
3
Uiy
30 ; HepG2 EGFR inhibition [93]
31 .l DU145 inhibition of tubulin [96]
O%m polymerization
L{‘4- W
i i inhibiti a9
32 /\(:E)\:L’Tq " MDA MB-231 Microtubule assembly inhibition  [99]
33 | MDA MB-231 Microtubule assembly inhibition  [95]
k’[.d"(@}\
34 ._("‘ HCT116, SMMC-7221, A2780s, HepG2 and SK-OV-3 Microtubule destabilizing [100]

(continued on next page)
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Table 5 (continued )

126

Thiazoles with anti-cancer activity

Code Structure Cancer cells Action Mechanism Receference
35 /\k,l\(- A549, MCF-7 and SCC-9 HIF-1z inhibition [101]
’m
36 “O_(’k L A549, MCF-7, EAC, MDA MB-468 and DLA HIF-14 inhibition [101])
bl | ):j
37 [ Hela VCP inhibitor [102]
38 Hela VCP inhibitor [102]
Jfb
39 5;" MCF7, HCC1954 and HCC1806 - [103]
40 J‘% MCF7, HCC1954 and HCC1806 — [103)
41 MCF-7 and MDA-MB-231 - [104)
42 MCF-7 and MDA-MB-231 - [104]
g nﬁu
43 T Antiangiogenic activity - [105])
ij"}.r@
44 @,):r) Antiangiogenic activity - [105]
G
45 < 3 c K562, HL-60, Jurkat and Hela IMPDH inhibition [106]
46 "}_{- e K562, HL-60, Jurkat and Hela IMPDH inhibition [106]
47 y SR DIA - 107
O: )_\_/"')m l I
Raty
48 . Y, EAC VEGF-A inhibition [101)
49 o i + HGFA, Matriptase, Hepsin, Thrombin and Factor Xa - [108]
X T B
ade HYL 3¥al
Y ¥ ¥
IL o
50 *T- HGFA, Matriptase, Hepsin, Thrombin and Factor Xa - [108]
,921(%,8# Tl
R
51 CE; Z HeLa DH - [109]
52 hMAGL inhibition [110]

a‘,_@_;\ MCF7 and MDA-MB-468
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Table 5 (continued )
Thiazoles with anti-cancer activity
Code Structure Cancer cells Action Mechanism Receference
53 MCF7 and MDA-MB-468 hMAGL inhibition [110]
54 MCF7 MMP-2{MMP-8 inhibition [111]
55 MCF7 MMP-2/MMP-8 inhibition [111]
56 ”: a7 - ATX inhibitor [112)
57 P » HT-29 and Jurkat = [22]
A
) T%
58 § HT-29 and Jurkat - [22]
(ﬁ'w.fﬁ
é an
59 G)“ ET HT-29 and Jurkat = [22)
60 i { CT26,4T1, LLC, B16, MethA, A549, Hel.a, DU145, MM3MG, HK2 and LO2 RhoGDI inhibition [113)
Boang 1382
61 3 MDA-MB-435 VEGF [117]
62 MCF-7 and MDA-MB-435 Cdk2, Cdk7 and Cdk9 inhibition [117-119]

(;("JT‘)'}\»—OxW

Dasatanib >= N

Fig. 17. Dasatinib structure.
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__/ derivatives
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inhibition

Fig. 18. Thiazoles with ALKS inhibition activity. Source of ALK5 structure: htp://www.
reshoorg/structure/3HMM.
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Fig. 19. Structure compound 19.
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Fig. 20. Structure compound 20.

thiazole-2,2’-diamine (22), inhibited JNK1 activity towards a range
of substrates. Instead, the related compound (4'-methyl-N2--(6-
methyl-2-pyridinyl}-4,5'-bi-1,3-thiazole-2,2'-diamine (23), did not
exhibit such activity. The presence of a methyl group and the po-
sition of the substitution in pyridine ring influence the activity in
such kinases. Molecular docking, saturation transfer difference
NMR experiments and enzyme kinetic analyses revealed both ATP-
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EGFR
inhibitor

21 FGFR 1Cg, = 4nM

Fig. 21 Structure compound 21. Source of EGFR structure: hitp://www.rcshorg/
structure/5CAV.

and substrate-competitive inhibition of [NK by 22. In characterizing
22 further, they noted its ATP-competitive inhibition of the related
p38-y MAPK. Further screening of a broad panel of kinases using
10 uM 22 identified inhibition of kinases including protein kinase
B (PKBB/AktR) (Fig. 22).

Another crucial kinase in the pathogenesis of cancer is Scr. The
c-Src is overexpressed or hyperactivated in a variety of solid tumors
and is most likely a strong promoting factor for the development of
metastasis. Francini et al. described the synthesis of new 2-
aminothiazole derivatives and the in vitro evaluation as SFK (Src
family kinases) inhibitors [38] (Fig. 23).

Two human tumor cell lines, the neuroblastoma cell line
SHSYS5Y and the leukemia cell line K562, which have been previ-
ously described as being dependent on SFKs for their proliferation
and the test against kinase was performed. The compound 24
(Fig. 24) was the most active inhibitor (IC5p = 0.097 pM). The target
kinase was assayed within the Rottapharm in vitro screening
department, using a Z’-LYTE technology kit [89].

Another work with c-Src was performed by Fallah-Tafti et al.
that showed a N-benzyl substituted (2-morpholinoethoxy) phenyl)
thiazol-4-yl)acetamide and evaluated for Src kinase inhibitory ac-
tivity. The compounds retained Src kinase inhibitory activities at
low micromolar range (1.34 e 13.02 uM) in NIH3T3/c-Src527F and
SYF/[c-Src527F cells. Structure-activity relationship studies revealed
that the presence of a substituent at position 4 of benzyl ring (4-
fluoro or 3,4-dicholor) is critical for maximum anticancer activity
(25 and 26) [90] (Fig. 25).

A series of imidazo[2,1-b]thiazole guanylhydrazones as in-
hibitors of p90 ribosomal S6 kinase 2 (RSK2) was tried. A small
subset of compounds showed both potent inhibition of RSK2 kinase
activity and tumor cell growth in vitro. Detailed study of the most
active compounds 27 and 28 indicates that a high degree of
selectivity for inhibition of RSK2 kinase compared to a spectrum of
other related kinases [91). The most active compounds display in

Structural variation of two Thiazole derivatives

,n . s M
'a,“_ _,."‘ »

Inhibit

Fig. 22. Structures compounds 22 and 23. Source of JNK1 structure: htip:/ www.rcsh
org/structure/3PZE,

Fig. 23. Thiazoles with c-Src inhibition activity. Source of ¢-Src structure (hitp:/ www.
resb.org/structure/4U5]):

ot & U
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& \f 105 = 0,097 pM

Fig. 24. Structure compound 24,

their structures halogens such as F (27) and Br (28), showing the
importance of polarizability in the structure. Hernandes et al. [50]
pointed out the effect of polarizability property in bioactive struc-
tures and still comments the occurrence of several drugs currently
available in therapeutics, that possess F and Br atoms in their
structures (Fig. 26).

A study suggested that 1-(2-dialkylaminoethyl)-3-(6-(2-
methoxy-3-sulfonylaminopyridin-5-yl)benzo[d]thiazol-2-yl)urea
derivatives can provide potent PI3K inhibitors and anticancer
agents with low toxicity. The compounds with potent anti-
proliferative activity were tested for their acute oral toxicity and
inhibitory activity against PI3Ks and mTORC1. The results indicated
that the compound 29, that attached a 2-(dialkylamino)ethylurea
moiety at 2-position of benzothiazole can retain the anti-
proliferative and inhibitory activity against PI3K and mTOR. The
acute oral toxicity reduced dramatically and, moreover, compound
29 can effectively inhibit tumor growth in a mice S180 homograft
model [92] (Fig. 27).

Recently, Lamie et al. tested a thiazole series and reported the
compound 30 that inhibited human hepatic adenocarcinoma
(HepG2) with an ICs = 0.027 pM values. The EGFR % inhibition of
compound 30, at 10pM, was 47.28%. Results obtained using

o~

25 0w 4B Mg = | VM
26 R340 1G5 = 13,0230

/N =50

o \

Fig. 25. Structures compounds 25 and 26.
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Thiazole derivatives °:N

Fig. 26. Structures compounds 27 and 28. Source of RSK2 structure; http://www.rcsh
org/structure/4EL9,

caspases suggested that compound 30 promote apoptosis due to
the activation of caspase-3 and caspase-9. The cell cycle analysis
showed cycle arrest at G2/M phase. In view to ascertaining these
results, both Bax and Bcl-2 expression levels were measured in
HepG2 treated with 30. The results showed that there was up-
regulation in the proapoptotic protein, Bax. Besides, it was veri-
fied that down-regulation was in antiapoptotic Bcl-2 protein
[93)(Fig. 28).

In general, it is verified that the presence of an NH bound to the
C2 of the heterocycle thiazole is a widely used strategy and offers
promising results. This structural feature is also in Dasatinib
(Fig. 17). Another trend is the presence of halogens, such as F, Cl and
Br in most of the structures shown here.

4.3. Thiazoles based compounds as tubulin/microtubule inhibitors

Polymers of ¢- and B-tubulin or microtubules are involved in

o S
PI3KR
1G5 = 90nM
N
9 /—/ \
ICsg = 13nM N A 5 NH
/ NH

#\ ‘& PI3Ks
1Csp = 148nM

| /W%{ﬂg
&’3 A

1C5o = 780M

Fig. 27. Structure compound 29. Source of structures: PI3K alpha (http://www.rcsh.
org/structure/SITD); PI3K beta (http:/fwww.rcsboorg/structure/3T8M); PI3K gamma
(http://www.rcsb.org/structure/4F]Y);  PI3K delta (http://www.rcsb.org/structure/
5VLR) and mTORC1 (http://www.rcsh.org/structure/5H64),

1C5y = 0027 M (HepG2).
EGFR * imhibition = 47 287 2t 10 uM.

EGFR
inhibitor

Fig. 28. Structure compound 30. Source of EGFR structure: http://www.rcsborg)
structure/5CAV,

many roles in cells, including the organelles motion, intracellular
transportation, cell shape formation and maintenance [94,95]. In-
terferences in this target will lead to an increase in the number of
cells in metaphase arrest. Therefore, tubulin has become an
attractive target for the development of compounds useful in
anticancer chemotherapy [96—98] (Fig. 29). A series of thiazole
linked to indolyl-3-glyoxylamide derivatives were synthesized and
were further evaluated for their in vitro anticancer potentials by
Guggilapu et al. [96]. Initially, a screening was performed against
human cancer cell lines such as DU145 (prostate), PC-3 (prostate),
A549 (lung) and HCT-15 (colon). In MTT assay, the compound 31
was found to be the most active against DU145cell lines
(ICsp =93 nM). The treatment of DU145 cells with 31 led to inhi-
bition of cell migration ability at 100, 200 and 400 nM concentra-
tion into the scratch area by 74.8% (0 h incubation), 44.0% (12 h
incubation) and 34.8% (24 h incubation). Further studies suggested
compound 31 induced apoptosis in DU145 cells. The cell cycle
analysis confirmed G2/M phase of cell cycle arrest in a dose-
dependent manner from 25.88% (control) to 30.15%, 34.07% and
50.9% after treatment with 31 at 100, 200 and 400 nM. There was a
68.5% inhibition of tubulin polymerization compared to control at
5uM.

Moreover, the treatment with compound 31 promoted the
collapse of mitochondrial membrane potential and elevated intra-
cellular ROS levels in DU145 cells. The molecular modeling studies
provided insight about the binding mode of the synthesized com-
pounds in the active site of tubulin (Fig. 30).

A series of benzo[d]imidazo[2,1-b|thiazole-chalcone conjugates
were synthesized and evaluated against a panel of human cancer

o Thiazole derivatives
OMa
N S

31

a/B-Tubulin
Inhibidors

Fig. 29. Thiazoles with a/b-tubulin inhibition activity. Source of a/fi-tubulin structure:
http://www.rcsh.org/structure/4U3).
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cell lines like lung (A-549), breast (MDA MB-231), prostate (DU-
145) and colon cancer (HT-29). Two compounds were highlighted,
32 and 33, because they exhibited 1Csp values of 1.3 and 1.2 uyM
respectively against MDA MB-231. Additionally, flow cytometric,
tubulin polymerization assay, 2', 7'—dichlorofluorescin diacetate
(DCFDA) and annexin V—FITC/PI assays were performed to inves-
tigate the action mode of these compounds on MDA MB-231 cancer
cells. The results suggest that 32 and 33 induce apoptosis and
effectively inhibit microtubule assembly. Conjugates 32 and 33, at
3 M concentration, significantly inhibited tubulin polymerization
by 59.16% and 61.38% respectively, whereas nocodazole (reference
compound) inhibited it by 58.31% [99].

Compounds 32 and 33 exhibited similar activities profile even
though compounds 32 and 33 possess structural differences.
Compound 32 possesses a methoxy group at the phenyl ring fused
to thiazole and a hydroxyl group in meta position in the second
phenyl ring (Fig. 31).

A series of 4,5-diarylthiazole derivatives were synthesized by
Wang et al. based on chemical modification of Combrestatatin A-4
(CA-4). The antiproliferative activity was evaluated and some
compounds were identified as new microtubule destabilizing
agents. The compound 34 with 3,4,5-trimethoxyphenyl group at
the C-4 position and 4-ethoxypheny! group at the C-5 position of 2-
amino substituted thiazole showed the most potent inhibitory ac-
tivity of all series. Compound 34 exhibited the ICsp values of
8.4—26.4 nM in five human cancer cell lines (HCT116, SMMC-7221,
A2780s, HepG2 and SK-OV-3). Moreover, 34 showed potency as a
tubulin polymerization inhibitor, with colchicine site binding
ability and comparable extent of inhibition against the growth of P-
glycoprotein over-expressing multidrug resistant cell lines. The
microtubule assembly [Csp=2.736 pM, while the CA-4 is
IC50 = 5.097. Studies revealed that 34 could block the progression of
cell cycle in the G2/M phase and result in cellular apoptosis in
cancer cells [100] (Fig. 32).

In - and B-tubulin or microtubules target, some structural
feature of inhibitors can be highlighted, like steric volume, lip-
ophilicity as well the presence of electronegative atoms. In addition
to the hydrophobic interactions, the hydrogen bonds also appear to
be relevant in this target.

4.4. Thiazoles based compounds as inducers of HIF degradation

Activation of HIF-1e plays a critical role in promoting tumor
angiogenesis and metastasis. Since its expression is positively
correlated with poor prognosis for cancer patients, HIF-1« is one of
the most convincing anticancer targets. Thirusangu et al. in their
work [101] showed that 35 is a compound with promising anti-
angiogenic effects and antiproliferative activity. The in vitro and
in vivo assays of 35 on hypoxia provide strong pieces of evidence
that 35 enhance HIF-14 proteasomal degradation by activating p53/
MDM2 ubiquitination pathway. Further findings on HIF-12 down-
stream signaling concluded that 35 downregulates the VEGF-A, Flt-
1, MMP-2 and MMP-9 which are predominant in tumor angio-
genesis. Subsequently, the same research group synthesized active
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Fig. 30. Structure compound 31.
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Fig. 31. Structures compounds 32 and 33.
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Fig. 32. Structure compound 34,

4-phenyl-2-phenoxyacetamide thiazoles moiety using different
aryl acids holding active groups: fluoro, difluoro, chloro, nitro,
bromo etc, and a phenyl thiazole backbone. It has been expected
that the combination of these bioactive groups in the new molec-
ular design would lead to better antitumor agents.

The in vitro assays against cancer cells such as MCF-7, A549, EAC
and DLA cells were performed and revealed that compound 36
presents potential cytotoxic efficacy with an average IC5q value of
13 uM. The compound 36 postulated the angiogenic inhibitory
modulation in various rVEGF165 induced model as assessed by
CAM and corneal vascularization and it was further assessed for
antitumor studies, both in ascites and solid tumor models in vivo,
which revealed the regressed tumor activity. The compound 36 acts
against the tumor cells by repressing HIF-12 by p53/MDM-2
mediated degradation. The molecular gene studies inferred
involvement of HIF-12 up-regulation and stabilization of p53,
which are interlinked in signaling as conferred by immunoblot
analysis.

Compounds that act on this target have as structural similarity
to the presence of substituents at the C2 position of the thiazole
ring, having an amide between the spacer groups. In addition, at
the C4 position of the thiazole ring, the presence of bulky groups is
noted (Fig. 33).

4.5. Thiazoles based as compounds miscellaneous inhibitors

Valosin-containing protein (VCP; also known as p97) exhibits
antiapoptotic function and metastasis via activation of nuclear
factor kappa-B signaling pathway. Bursavich et al. identified 2-
anilino-4-aryl-13-thiazoles (37 and 38) as potent drug-like in-
hibitors of this enzyme. An assay utilized an ubiquitin-tagged
Luciferase reporter (Ub-G76 V Luciferase) as VCP that has been
shown to play a role in targeting ubiquitinated fusion constructs for
degradation. Several of the potent thiazole-based VCP inhibitors
cause stabilization of the reporter construct in Hela cells after a
24 h treatment with low micromolar to nanomolar cellular activity
[102] (Fig. 34).

Santos et al. synthesized 6,7-bis( hydroxymethyl)-1H,3H-pyrrolo
[1,2-c|thiazoles that showed activity for the triple-negative breast
cancer, the most challenging tumors in clinical practice. These
compounds were assayed for their in vitro cytotoxicity on several
human breast cancer cell lines (MCF7, HCC1954 and HCC1806 cell
lines). The 4-hydroxyphenyl derivative proved to be the most
promising compound regarding HCC1806 cell line, a triple-negative
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Fig. 33. Structures compounds 35 and 36. Source of HIF-12 structure; http:/www
resh.org/structure/1L3E,

breast cancer. The presence of a hydroxyphenyl group at C-3 seems
to improve the anti-cancer activity for the TN cell line. Both cell
lines are sensitive to compounds 39 and 40 being the TN cell line
HCC1806 survival the most affected/reduced. The viability also
decreased and cell death-related proteins p53, Bax and Bcl-2 are
significantly altered, occurring cell cycle blockage mainly in S-
phase and cell death mostly by late apoptosis and necrosis. The
results indicate that these compounds may induce DNA damage
[103] (Fig. 35).

In another approach toward triple-negative breast cancer, Zhou
et al. synthesized and optimized a series of hybrids 24-
diaminopyrimidine and thiazoles derivatives (41 and 42). These
compounds showed anti-proliferative properties against two
breast cancer cell lines: MCF-7 and MDA-MB-231. Several of these
compounds also exhibited potent activities against tumor cell col-
ony formation in dose-dependent manner and inhibitory activity
against MDA-MB-231 cell migration. The results suggested that the
new series of hybridization of arylthiazoles and aminopyrimidines
could be a new strategy against the triple-negative breast cancer as
well as metastatic one [104] (Fig. 36).

Two structurally superimposable scaffolds—4H-thiochromeno
[4,3-d]thiazol-2-amine and 5,6-dihydro-4H-benzo [6,7]cyclohepta
[1.2-d]thiazol-2-amine derivatives—, synthesized by Liu et al,
yielded low-micromolar inhibitors, and two among them, com-
pounds 43 and 44 also exhibited antiangiogenic activity in an
endothelial tube formation assay. Thus, 43 and 44 can serve as leads
to develop a novel class of antiangiogenic agents [105] (Fig. 37).

+Phenyl (VCP 1G5, = 0.19 uMy:}

B e e = i 2-Thiophene  (VCP ICgy = 0.11 gM);i
TROH (VOPICy = 007 uM); VC P 1 2-Pyridyl (VCP IC,~0.23 ,.M);Z
for 4N, (VP ICg= 0,08 uM): §3-0H) Phenyl (VCP 1Cg = 0.12 M)}
.................. & =
Inhibitors
Fig. 34. Sctructures compounds 37 and 38. Source of VCP structure hitp://www.rcsh

org/structure/3CF3.

Fig. 35. Structures compounds 39 and 40.

The known Tiazofurin stereoisomer and two new tiazofurin
analogues (45 and 46) have been synthesized and evaluated for
their in vitro antitumor activity against some human neoplastic cell
lines (K562, HL-60, Jurkat, Raji, HeLa and MRC-5). Compounds 45
and 46 demonstrated submicromolar activities toward four tumor
cell lines (K562, HL-60, Jurkat and Hela). The derivatives 45 and 46
were more active than tiazofurin against all tested cells. Flow
cytometry data suggest that cytotoxic effects of analogue 45 in
K562 might be mediated by apoptosis, in opposite to tiazofurin,
which did not induce apoptosis of K562 cells after 24 h. The results
suggest a mechanism of action through the inhibition of IMPDH
[106] (Fig. 38).

Piperazine-benzothiazole derivatives were analyzed for cyto-
toxicity effect against DLA (Dalton’s lymphoma ascites) cells under
in-vitro for 48 h to check the cytotoxicity by using Trypan blue, MTT
and LDH release assays. The compound 47 emerged as a potent
cytotoxic activity. More assays were performed, such as in-vivo
proliferation and angiopreventive effect of compound 47 on
tumorigenic and non-tumorigenic models. Tumor inhibition in
murine ascites on treatment with 6¢ showed regression of the tu-
mor reflected in the decreased secretion of the ascites up to 55.6%
and three-fold decreases in cell number. Compound 47 exhibited
also a significant angiolysis in tumor-induced peritoneum than the
control peritoneum which was highly vascularized. About SAR, the
study indicated the importance of Bromine atom in the phenyl ring
[107] (Fig. 39).

A series of 2-(4-benzoyl-phenoxy)—N-(4-phenyl-thiazol-2-yl)-
acetamides were synthesized by Prashanth et al. The study
revealed that the potent tumor inhibition of compound 48 is
related to its capacity for inhibition of VEGF-A (Vascular Endothelial
Growth Factor A) and potent cytotoxic activity against EAC cells.
The ICsg values are in Fig. 40. The authors suggest that the effect of
48 could be due to methyl, fluoro and methoxy groups which are
attached to phenoxy, benzoyl and the phenyl ring of thiazole
respectively. Compound 48 inhibits the tumor progression in vivo
with a dose-dependent decrease of tumor upon treatment with
compound 48 intraperitoneally. This effect was reflected in the
decreased cell count and ascites volume. The results revealed the
abrogated VEGF secretion with 5 fold decrease at protein level after
compound 48 treatment. The protein expression of VEGF-A was
analyzed by immunoblot, which strongly indicated the potency of
compound 48 in VEGF inhibition [101].

The new class of ketobenzothiazole serine protease inhibitors
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Fig. 36. Structures compounds 41 and 42.
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Fig. 39. Structure compound 47,

which span the P1-P1’ cleavage site of trypsin-like protease sub-
strates was developed. The P1” benzothiazole was constructed with
a variety of amide substituents designed to interact specifically in
the S3' subsites of HGFA, matriptase, and hepsin. They identified
key structural elements that help to improve selectivity among
HGFA, matriptase and hepsin as well as selectivity over Factor Xa
and thrombin. Analogues such as 49 and 50 are promising leads for
further optimization into preclinical candidates to treat and pre-
vent metastasis of multiple tumor types [108] (Fig. 41).

Mao et al. showed that 2-(4-aminophenyl) benzothiazole (51)
treatment suppresses the invasive and metastasis potential of HeLa
DH cervical cells through up-regulation of E-cadherin expression.
Hela DH cervical cells were cultured with 5, 10, 15, 20, 25 and
30 uM concentrations of compound 51 for 48 h. The benzothiazole
treatment did not induce any cytotoxic effect on HeLa DH cells after
48 h of incubation. The results from wound healing assay revealed
that potential migration of HelLa DH cells was reduced to 4% on
treatment with 20 pM concentration of benzothiazole compared to
99% in the control cells. The invasion potential of HeLa DH cells was

EAC cells
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Fig. 40. Structure compound 48. Source of VEGF-A structure: htep://www.rcsb.org/
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Fig. 41. Structures 49 and 50.

reduced to 13% on treatment with 20 uM concentration of benzo-
thiazole. Inhibition of HeLa DH cell migration was also significantly
(p<0.002) higher in the benzothiazole treated cell cultures
compared to the control cells. HeLa DH cervical cancer cells on
treatment with various concentrations of benzithiazole for 48 h
showed a significant (p < 0.05) increase expression of E-cadherin in
a dose-dependent manner. Among the various concentrations of
benzothiazole used, western blot assay revealed that the increased
expression of E-cadherin was maximum at 20 uM [109] (Fig. 42).
Some compounds were tested for their ability to inhibit human
monoacylglycerol lipase (hMAGL). The halogen substituted aniline
derivatives 52 and 53 were found to be the most active among all
the synthesized compounds exhibiting 1Csp values 9 nM and 8 nM
respectively. Compounds 52 (NSC: 780167) and 53 (NSC: 780168)
were the most potent detected in one dose anticancer screening.
With regard to the sensitivity against individual cell lines, both the
compounds 52 and 53 were found to be most active against MCF7
and MDA-MB-468 breast cancer cell lines. The Glsp (Growth inhi-
bition of 50%) value of 32.5 nM (MCF7) and 23.8 nM (MDA-MB-468)
was observed for compound 52. Compound 53 showed Glsq values
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Fig. 42. Structure of 2-(4-aminophenyl) benzothiazole (51).

of 37.1 nM against MCF7 breast cancer cell line and 25.1 nM against
MDA-MB-468 breast cancer cell line. The results obtained from the
Developmental Therapeutics Program, NCI, for compounds 52 and
53 were compared with the standard drug Fluorouracil. In terms of
MID GI50 value, both the compounds were found to be comparable
with 5-FU, while in terms of MID TGI and MID LC50, both showed
greater potency. The overall study confirmed that pharmacological
inhibition of MAGL function may confer significant therapeutic
benefits and a better safety profile over existing treatments for
cancer [110] (Fig. 43).

MMP-2/MMP-8 is established as one of the most important
metalloenzymes for targeting cancer. A series of dihydropyr-
azothiazole derivatives (E1-E18) bearing a salicylaldehyde group
linked to Pyrazole ring were designed, synthesized, and evaluated
for their pharmacological activity as MMP-2/MMP-8 inhibitors.
Compound 54 exhibited the most potent inhibitory activity
(ICsp=2.80puM for MMP-2 and ICs0=5.6uM for MMP-8),
compared to the positive drug CMT-1 (1C5p = 1.29 uM). Most of
them exhibited more anti-proliferative activities than positive
control drugs Gefitinib and Celecoxib, with a highlight for com-
pounds 54 and 55 [111] (Fig. 44).

4-phenyl-thiazole compounds were designed, synthesized and
evaluated for their ATX inhibitory activity using FS-3 and human
plasma assays. The autotaxin-lysophophatidic acid (ATX-LPA)
signaling pathway is involved in several human diseases such as
cancer. In the FS-3 assay, compound 56 significantly inhibited the
ATX at low nanomolar level (ICsg = 2.19 nM). Inhibitory activity of
56 was found to be slightly better than PF-8380 (ICs0 = 2.80 nM),
which is one of the most potent ATX inhibitors reported till date.
Furthermore, 56 displayed higher potency (ICsp = 14.99 nM) than
the first clinical ATX inhibitor, GLPG1690 (ICsp = 242.00 nM) in the
human plasma assay. Molecular docking studies were carried out to
explore the binding pattern of newly synthesized compounds
within the active site of ATX. Good ATX inhibitory activity of 56 was
attributed to the hydrogen bonding interactions with Asn230,
Trp275 and active site water molecules; electrostatic interaction
with catalytic zinc ion and hydrophobic interactions with amino
acids of the hydrophobic pocket [112] (Fig. 45).

Leite et al. showed that 1,3-thiazoles derivatives compounds not
only exhibited cytotoxicity in cancer cells but were also able to
promote irreversible cancer cell damage by inducing necrosis and
apoptosis. Moreover, these compounds regulated immune factors
such as interleukin 10 and tumor necrosis factor, possible by

@ 50 é(
hMAGL Inhibitors

Fig. 43. Structures of 52 and 53. Source of hMAGL structure: hitp://www.rcshorg/
structure/GBQO.

O~
A 3,@
7\
é ‘n'N ="
»

MMP-2/MMP-8
Inhibitors

MMP-2

MMP-8

Fig. 44. Structures of 54 and 55 compounds, Source of MMP structures: MMP-2
(hep://www.resb.org/structure/3AYU); MMP-8 (http://www.resb.org/structure/20Y4).,

directing the immune system in favor of modulating cancer cell
proliferation. Therefore, they were able to identify new potent and
selective anticancer compounds: 57, 58 and 59 [22] (Fig. 46).

Compound 60 was synthesized and its effects treatment on
primary breast cancer and pulmonary metastasis in 4T1 mice
model were performed. MTT experiment showed compound 60
had significant anti-cancer activity on diverse cancer cells: CT26
(Mouse colon carcinoma cell line), 411 (Mouse mammary tumor
cell line), LLC (Mouse Lewis lung carcinoma cell line), B16 (Mouse
melanoma cell line), MethA (Mouse fibrosarcoma cell line), A549
(Human lung carcinoma cell line), HeLa (Human cervical cancer cell
line), DU145 (Human prostate cancer cell line), MM3MG (Mouse
mammary normal epithelial cell line), HK2 (Human normal kidney
cell line), LO2 (Human normal liver cell line). Furthermore, 60
significantly suppressed the proliferation of 4T1 cells by colony
formation assay from 364 +46.4 in the untreated 4T1 cells to
189 +35.2 and 56 + 12, respectively, in 1.25 and 2.5 1M compound
60 [113].

The in vivo results displayed that the compound could inhibit
the growth and metastasis in the 4T1 model. Histological analysis
revealed that 60 treatment induced apoptosis, inhibited in vivo

ATX
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o 56
1Cqp = 2,19 nM, FS-3 assay
1Cyy = 14.99 nM, Human plasma assuy

Fig. 45. Structure of compound 56. Source of ATX structure: hitp://www.rcshorg/
structure/SLOK.
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proliferation and angiogenesis [113].

The untreated group had a median of 40.5 metastases/lungs
(range, 28—56 metastases). The median of 50 mg/kg compound 60
treated group was only 19.5 metastases/lungs (range, 13—27 me-
tastases). Furthermore, mice treated with 100 mg/kg compound 60
had a median of 6 metastases/lungs (range, 0—8 metastases) and 3
mice with no visible lung metastases were observed in the group
treated with 100 mg/kg compound 60. In addition, compound 60
did not contribute to obvious drug-associated toxicity during the
whole study. Molecular mechanism showed that 60 could inhibit
RhoGD], activate caspase-3 and decrease phosphorylated Akt [113]
(Fig. 47).

4.6. Thiazoles in clinical trial

Bearing thiazole core, dasatinib is an anticancer drug produced
by Bristol- Myers Squibb and sold under the trade name Sprycel
[114]. Shah et al. [115] have studied long-term follow-up of dasa-
tinib in a phase-3 study on chronic myeloid leukemia (CML) pa-
tients and they demonstrated that imatinib-resistant/-intolerant
patients with CML-CP can experience long-term benefit with
dasatinib therapy. Moreover, there are several studies relating
various solid tumors to the use of dasatinib alone, or in combination
with another drug. Preclinical studies in a wide variety of solid
tumor cell lines, including prostate, breast and glioma, have shown
that dasatinib acts as a cytostatic agent, inhibiting the processes of
cell proliferation, invasion and metastasis. Dasatinib also inhibits
the activity of osteoclasts, which have a major role in the devel-
opment of metastatic bone lesions [116].

Another compound in phase 1 study is compound 61, called
PTC299 (6-(4-fluorophenyl)-2,3-dihydro-5-(4-pyridinyl)imi-
dazo(2,1-b)thiazole) (Fig. 48). It was postulated that compound 61,
will be tolerable when administered orally and can reduce VEGF in
combination with anastrozole (Arimidex™), letrozole (Femara®) or
exemestane (Aromasin®) in women with metastatic breast cancer.
Another compound is the SNS-032 (62) that appears in phase I clin-
ical trials, that is a potent and selective cyclin-dependent kinases
{(Cdks) inhibitor of Cdk2, Cdk7 and Cdk9 [117]. Xie et al. [118] exam-
ined the viability of MCF-7 and MDA-MB-435 breast cancer cells in
the presence of SNS-032 and observed a dose-dependent inhibition
of cellular proliferation in both cell lines. Moreover, SNS032 is in
clinical trial for the treatment of chronic lymphoid leukemia along
with multiple myeloma by the intravenous way [119].

5. Conclusions
Privileged motifs are a recurring subject in a wide set of bio-

logically active compounds that achieve different pharmaceutical
targets and route. They could represent an appropriate start point
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to access potential candidates. Our report was focused on three
small privileged motifs that attempt to act on multiple targets and
properties known. Thiosemicarbazones, thiazoles and thiazolidi-
nones nucleus has also been utilized to develop synthetic drugs. In
the last years, these fragments have been successfully used as the
core structures for synthesis in the cancer field. In our search,
focusing on metastasis stage, it was possible to observe that they
reach several targets such as cathepsins, SRC, TGF-8, EGFR, among
others that have also been shown.

Thiosemicarbazones fragments were identified targeting pref-
erentially NDRG1 and Cathepsins B and L, which is involved in
diverse tumor pathways. Triapine, a pyridine-thiosemicarbazone
derivative, is currently found in clinical trial. This fact, corrobo-
rate the value of pyridine-thiosemicarbazone derivatives in cancer
therapies. Besides, it is worthy to mention that, the presence of
halogen atom, mainly bromine and fluorine, in thiosemicarbazones
derivatives allowed to compounds with 1Csy values in nM order.
Regarding the thiazolidinone ring, studies are more limited and in
less advanced stages in tumor progression context. The majority of
the structures present a N-3 substitution which allowed to
1C50 = 0.05 uM values.

Concerning the thiazole nucleus, it was observed that this nu-
cleus acts in diverse cancer targets and represents the most versatile
structure. Thiazole is present in Dasatinib which is already used in
cancer therapy, and compound SNS-32, that is currently in clinical
trial. In our search, it was possible to verify that thiazole is the most
studied and the most important of the three structures. Among the
compounds described, several seem to be promising drug candi-
dates, targeting different pathways in cancer cells and seem to be
very promising overcoming drug resistance in the field of cancer
therapy. Besides, could serve as a valuable inspiration in the search
for new effective therapies for cancer in the metastasis stage.

6. Prospects

It is evident from the present review that thiosemicarbazones,
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thiazolidinones and thiazoles serve as promising and effective
research area with a bright future and can serve as inspiration for
future molecules planning. Triapine is an example of this strategy
because several compounds synthesized later were inspired by its
chemical skeleton. The strategy of bioisosterism between thio-
semicarbazones and thiazolidinone and thiazole heterocycles may
be useful for the SAR construction in order to find a lead compound,
less toxic and more active. The literature also reports that the
synthesis of thiazoles and thiazolidinones from thio-
semicarbazones is relatively simple and allow to satisfactory yields.
It is also noticed that the presence of halogens in the thio-
semicarbazones and thiazoles rings were recurrent, as well as the
presence of electronegative atoms, collaborating with the
improvement of pharmacokinetic properties.

Multi-targeting drugs can act as an important complement or
even replace therapeutic treatments that have drug combinations.
Multi-target drugs have therapeutic advantages over single-target
drugs due to their synergistic effects, making possible a more
simplified therapeutic treatment. The importance and necessary
care of adverse reactions from the anti-target interactions of these
compounds is also highlighted. Faced with complexity and risk, it is
necessary to combine the efforts of various areas such as medicinal
chemistry, computational chemistry, biochemistry, proteomics, etc.
to explore the advantages presented by multi-target drugs. The
combination of different areas and disciplines are certainly neces-
sary for the success of this strategy.
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Abstract

Chagas disease is a serious public health problem in Brazil and world. Caused by the protozoan Tiyp cruzi, it is estimated 6-7 million people infected
worldwide. The only drug used to treatment is Benzonidazole, but this drug is only effective in the acute phase of the disease. This paper reports the synthesis and
the anti-Trypanosoma eruzi activity of 4-thiazolidinone and 1,3-thiazole derivatives based in thiosemicarbazones previously described as porent trypanocidal agent,
planned through the bioisosterism strategy. Therefore, the synthesis of 28 aryl-4-thiazolidinones (2a-r and 3a-j) was achieved, which aryl ring possesses halogens
atoms in meta and para positions, and the heterocyclic system had lipophilic substituents. These compounds were thus evaluated as anti-7. cruzi agents against
epimastigote, trypomastigote and amastigote forms of 7' cruzi. Compounds were also tested its toxicity in L929 fibroblasts. In view to investigate a bioisosteric
relationship between 1,3-thiazoles and 4-thiazolidinones, cighteen 1,3 thiazoles derived from trifluoromethyl thiosemicarbazone (4a-r) were also tested in the same
model. Tt was possible to show that between the 46 tested compounds, those that possess a bromine (2a-r) atom showed better activity compared to compounds
substituted by a trifluoromethyl group (3a-j) and to 1,3-thiazole derivatives (4a-r), which were inactive. In general, the 2a-r scries showed low toxic profile in the cell

line tested. Besides, compound 2h was the most active of then all when compared to the standard Benznidazole.

Introduction

Chagas disease or American Trypanosomiasis is a serious disease
resulting from parasitic infection by the protozoan Trypanosoma cruzi,
and triatomine insects as vectors [1,2]. About 7 million people are
infected worldwide and Latin America countries are endemic areas.
It is estimated that 30% of chronically infected people develop cardiac
disorders and up to 10% develop digestive, neurological or mixed
changes that may require special treatment [1-3].

Currently, the only drugs used in Chagas disease therapy are
Benznidazole (BZD) and nifurtimox, which are effective in the acute
phase of the disease, but less effectivity in patients in the chronic phase,
presenting only palliative effect [2,4-7]. Furthermore, BZD is not
considered a suitable drug, since exhibits serious side effects such as
hypersensitivity, rash, gastrointestinal disorder etc., leading to a large
number of patients interruption the treatment [2,8]. Therefore, the
search for new drugs and bioactive molecules more selective is pivotal.

Among the chemical structures studied for anti-T. cruzi activity,
hydrazones and 4-thiazolidinones are notable because of their extensive
biological activity [9-18], especially anti-parasitic activities [10,16-20].
Some papersalready published investigated bioactive compoundsagainst
Chagas disease, however, a noticeable paper published by 21, identified
twenty aryl thiosemicarbazones as potent anti-T. cruzi drug prototypes,
with IC_ values below 200 nM for T. cruzi cruzain [21]. Among
these compounds previously evaluated, 3'-bromopropiophenone-

Frontiers Drug Chemistry Clinical Res, 2019 doi: 10.15761/FDCCR.1000120

thiosemicarbazone (1i) and 3-(trifluoromethyl)thiosemicarbazone
(3d) were identified as leading compounds (Figure 1).

In this context, it is well noticed that several drugs and drug
candidates in clinical development possess halogen atoms in their
structures [7,22]. In fact, they contribute favorably through a molecular
interaction in the stabilization of the protein-ligand complex. In
addition, synthesis of fluorine, chlorine, and bromine derivatives are
well known in industrial scale and possess desirable stability and cost
[23].

In the last few years, our research group had been used the
building-block strategy in view to optimize the antiparasitical
profile. Recently, the 1,3-thiazole core was obtained from
3'-bromopropiophenone-thiosemicarbazone and trifluoromethyl-
thiosemicarbazone in view to access new lead generation of anti-T.
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cruzi agents. In fact, most of these compounds exhibited antiparasitic
activity similar to BZD [24] (Figure 1).

Bearing in mind the bioisosteric relationship between 1,3-thiazole
and 4-thiazolidinone cores and by the promising results obtained by
Moraes (2016) and Du (2002}, in this work, our group presents two
series of 4-thiazolidinones, derived by 3'-bromopropriophenone-
thiosemicarbazone and 3-(trifluoromethyl)thiosemicarbazone (2a-
r and 3a-j, respectively), in view to achieve novel and more selective
candidates against T. cruzi. In this approach, 28 compounds were
synthesized with variations lipophilic groups inserted at N3 and C5
positions of the 4-thiazolidinone ring. In addition, these compounds
were evaluated for their trypanocidal potential in the epimastigote,
trypomastigote and amastigote forms of the parasite, and their
cytotoxicity was tested in L929 fibroblast cells. Analyzing the activity
against the three T. cruzi forms is important in an attempt to clarify
the mechanism of action of compounds. In view to make a structure-
activity biological profile between 1,3-thiazole and 4-thiazolidinone
nucleus, we also evaluated the anti-T. cruzi properties of eighteen
1,3-thiazoles derived from (trifluoromethyl)thiosemicarbazone (4a-r).

Results and discussion

Chemistry

For the synthesis of the desired compounds, the
procedures previously reported by 10,25 were followed.
First, the thiosemicarbazones 1d and le were prepared by
reacting commercially available thiosemicarbazide or methyl
thiosemicarbazide, with 4-(trifluoromethyl)benzaldehyde (1:1 mol
ratio) using ethanol, under reflux, in the presence of catalytic amount
of hydrochloric acid, for 3 hours. After the final reaction, water was
added for precipitation of the compounds. This reaction led to a

Aryl
Halogened

1
0.1uM
T cruzt
Du, el al. 2002

Aryl
Halogened
GVOUP Thlnol!dlnon!

uc,,,‘,,,., 517
T o

de Oliveira Fllho etal. 2015

satisfactory yield (85% for compound 1d and 94% for compound
le). The thiazolidin-4-ones (3a-j) were prepared by cyclization of
compounds 1d or le and respective acid/ester, under reflux for 24
hours. The precipitate was filtered in Biichner funnel, washed with cold
cthanol, and then dried over $iO,. The yields were satisfactory (>40%).
The synthesis of 4a-r series is described by [25].

In view to set up the structural planning of the 4-thiazolidinone
series 2a-r and 3a-j, the aimed perspectives were based on followed
points: a) the choice of the halogen (bromine or fluorine), positions to
be inserted (meta or para) in the aryl ring, employing 3-bromophenyl
propanone or 4-(trifluoromethyl)benzaldehyde; b) the lipophilic and
steric profile of the substituents at C5 position, adopting different esters;
¢) attachment of a methyl or phenyl group at nitrogen N3 by applying
4-methyl or 4-phenyl-thiosemicarbazide. About the ethyl group present
at R, position in the series 2a-r coming from the ketone used (Scheme
1). Therefore, two thiazolidinones series were synthesized: 2a-r and
3a-j. For synthesis of desired compounds (Scheme 1), it was followed
procedures previously described by [10].

Regarding 1,3-thiazole series (4a-r), variations were made in the
group linked to 4 position of the thiazole ring, through the insertion
of aromatic rings with different substitutions in ortho, meta and para
positions (Figure 2). The synthesis of series 4a-r followed the procedures
described by de Oliveira [26], and is described by 25. The chemical
structures of compounds were determined by nuclear magnetic
resonance (NMR, 'H, and "“C), infrared (I.R.) and mass spectra (HR-
MS), while purity was determined by elemental analysis (EA).

Biological evaluation

The in vitro anti-T. cruzi activity of compounds for epimastigote,
trypomastigote and amastigote T. cruzi forms was evaluated, and

Aryl

Halogened

Group

& o
017 uM
Du, et al. 2002

Aryl

Halogened
Group

1Cspiryp0= 3- 35 M

T. enu;
de Moraes Gomes etal. 2016

New 4-thiazolidinone and
1,3-thiazole derivatives

\

Aryl Aryl
Halogened R Halogvnod
Group 3 Hdlogens atoms in meta Group

—_— N o and para positions
Sn- \T o
-

N pice

Bioisosterism among
heterocyclics core
Aryl
Hlloqnncd
Group

ipics

Figure 1. The influence of halogen groups in the anti 7 cruzi activity and proposed compounds in this work (2a-r, 3a-j and 4a-r). [10.21,23.24]
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Scheme 1. Synthetic procedures of 4-thiazolidinones derivatives
R1
\N,N N
"
FiC 4a-r
3
g Comp., Ry R, R, Comp' R, R, Comp.l R R, R,
4a H Ph H 4g H 4-Br-Ph  H 4m | Me 4-MeO-Ph H
4b H 4-NO,-Ph H 4h H 34-diCl-Ph H 4n Me 4-NO,-Ph H
4c H 3-NO,-Ph H 4i H Ph Me 40  Me 24.diCI-Ph H
4d  H 24.diCl-Ph H 4 H 1-Naph H 4p  Ph 24.diCl-Ph H
de H 4-MeO-Ph H 4k H 4-Me-Ph H 4q Ph 4-MeO-Ph H
4 |H 4cePh H| 4 |H 4FPn H | 4 |Ph 4cCiPh H

Figure 2. Series 4a-r, variations in the group linked to 4 position of the thiazole ring

their toxicity was evaluated in 1929 fibroblasts. Among the tested
compounds, the series 2a-r showed the best results when compared
with 3a-j series. The 2a-r series possess a bromine atom at the position
3 of the aryl ring system and the 3a-j series possess a trifluoromethyl
group at position 4 of aryl ring system.

In recent studies [24] a series of 1,3-thiazoles derived from
3-(bromopropiophenone)  thiosemicarbazone were synthesized
and their results demonstrated similar activity to BZD (T. cruzi
trypomastigote form). Furthermore, compounds possessing halogens
in their structure (fluorine and bromine), in general, exhibit interesting
biological activities and interactions [23] in perspective of these
promising outcomes, we decided to explore the anti-T. cruzi potential
of bromine (series 2a-r) and trifluoromethyl group (series 3a-j)
4-thiazolidinone derivatives.

Considering the trypanocidal activity of the intermediates la-e,
and the series 2a-r and 3a-j, for trypomastigote form, the intermediate
thiosemicarbazones 1b and 1¢, with IC, = 5.0 uM and IC, = 2.3
1M, respectively, presented the best results of all tested compounds
Regarding the series 2, compounds 2n (IC, = 3.7 uM), 21 (IC_ = 7.9
pM), and 2d (IC_, = 8.1 uM) draw attention, all of them had anti-T.
cruzi activity against trypomastigote form similar to BZD, however, no
correlation of structural features can be drawn.

For series 3, which possesses the core thiazolidine-4-one, the
compound 3d (IC_, = 7.8 uM) was the most active of 3 series. The
insertion of an group containing halogen at the para position (series

Frontiers Drug Chemistry Clintcal Res, 2019 doi: 10.15761/FDCCR.1000120

3a-j), was not beneficial for the activity against the trypomastigote form
when compared to series 2a-r.

Considering the inhibitory activity of amastigote forms for
the entire series, only compound 2h was active, being more potent
than BZD, with an IC, = 2.4 uM. The notable feature of compound
2h is, besides Br atom present at the position 3 of the aryl ring,
4-thiazolidinone ring, possess a methyl group in N3 position and a
methyl group in C5.

About the substitutions in N3 it was noticed that the insertion of
the methyl group was responsible for the increase the activity. Also,
between the compounds 2a, 2g, and 2m, it was possible to verify that
the methyl group is pivotal to the reduction of IC, .

The compounds la-e, thiosemicarbazones that originated the
respective 4-thiazolidinones, can be observed that intermediates 1a and
1d, which possess H in R,, presented the best IC, | values for amastigote
form, suggesting that khc presence of hydrogen bonds donors in the
structure may be of interest for improving the biological activity in the
amastigote form.

When we compare the trypanocidal activity in amastigote, the cyclic
4-thiazolidinone derivatives 2g (IC_=12.2uM) and 2h (IC_=2.4uM)
were about 4 and 21-folds respectively more active than intermediate
compound 1b (IC_=51.1uM). The same trend was observed to
compound 2p (1C, =48.5uM) approximately 2-folds more potent than
intermediate ¢ (IC, =89.1uM).
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In general, the compounds substituted at the N3 position of the
4-thiazolidinone ring with methyl, for the sub-series 2, were active
against amastigote form (2g, 2h, 2j, 2k). It is interesting to note that, in
contrast to our previous work [10], the 4-thiazolidinones of the present
work, with phenyl in the N3 position were not the most active, with
the exception of compound 2n (IC_, = = 3.7 uM), which has a methyl

Sotrypo

group in C5 of the heterocyclic ring.

Described by [23], within the class of drugs that present halogen
atom in their structure, those that possess a fluoride, are in greater
quantity since the fluorination changes the physical, chemical and
conformational parameters. This feature could eventually result in
optimized pharmacological properties. The fluorine chemistry provides

Table 1. Determination of cytotoxicity in 7. eruzi and fibroblast cells

. Epimastigote 1C
Cpd R, R, R, R, R

good opportunities for enhancing the binding affinity of potential
drug candidates. These features have made the trifluoromethyl
(CF)) useful chemical groups in the contemporary drug design [27].
Within this observation, we can say that the molecules which present
trifluoromethyl (CF,) group in their structure (1d-e and 3a-j), were not
the most active, as expected when compared to the series presenting the
halogen bromine (1a-c and 2a-r).

In the sub-series 3, five compounds were active against
trypomastigote form: 3b (IC_=61.9 pM), 3c (IC_=224 uM), 3d
(IC,=7.8 uM), 3e (IC,,=39.3 uM) and 3j (IC,=59.3 uM), with highlight
3d compound. In the amastigote form, three compounds were active: 3a
(IC,=43.2 pM), 3¢ (IC_=121.8 uM) and 3j (IC, =22.4 uM). Contrary to

Amastigote IC Fibroblast CC_,

T
N_ N
N Sh R,
Rl |
X

1a 3-Br Et H - 28.7
1h 3-Br Et Me - ND
1c 3-Br Et Ph - 6.8

1d 4-CF, H H - ND
le 4-CF, H Me - ND
1 4-CF, H Ph - 20.0

R; R,
ol \N’N\ N
O

2a 3-Br Et H H 82.6
2b 3-Br Et H Me ND
2c 3-Br Et H Et 66.8
2d 3-Br Et H i-propyl ND
2e 3-Br Et H diMe 65.2
2r 3-Br Et H Ph 140.7
2g 3-Br Et Me H ND
2h 3-Br Et Me Me ND
2i 3-Br Et Me Et ND
2j 3-Br Et Me i-propyl 46.0
2k 3-Br Et Me diMe 69.6
21 3-Br Et Me Ph 119.7
2Zm 3-Br Et Ph H 78.0
2n 3-Br Et Ph Me ND
20 3-Br Et Ph Et 422
2p 3-Br Et Ph i-propyl ND
2q 3-Br Et Ph diMe 124
2r 3-Br Et Ph Ph ND
3a 4-CF, H H Ph ND
3b 4-CF, H H Me ND
3¢ 4-CF, H H H ND
3d 4-CF, H H Lt ND
3e 4-CF, H H i-propyl ND
r 4-CF, H Me Ph ND
3g 4-CF, H Me Me ND
3h 4-CF, H Me H ND
3i 4-CF, H Me Et ND
3j 4-CF, H Me i-propyl 224
BZD - - - - 48.8

Concentration (pg/pL): ¥ < 50; ' < 80; "> 80; ™' < 200. IC, : Concentration that inhibit by 50% the growth of 7. ¢ruzi. CC,: €
ions in triplicate and experiment was repeated, only values with a standard deviation < 10% mean were considered.,

mammalian cells, CC, and IC, values were calculated using ¢

Trypomastigote IC,, [nM]’ uMp 1M Si
31.8 5.7 70.1 12.2
5.0 51.1 267.5 5.2
23 89.1 110.7 1.2
20.2 <10.11 80.89 =8
191.4 - - Inactive
138 45.77 61.85 14
146.9 - - Inactive
337 80.2 2359 29
238 - - Inactive
8.1 - - Inactive
89.0 13.3 <226.6" <17
17.8 89.5 199.4 22
23.7 122 1179 9.6
18.8 24 56.6 23
55.5 - - Inactive
113.9 79.5 < 524.8" <6.6
46.3 175.7 2179 1.2
7.9 - - Inactive
153 - - Inactive
3.7 - - Inactive
60.1 - - Inactive
ND 485 < 112.8' <23
503 168.7 = 186.4" =11
53 - - Inactive
ND 432 55 13
619 - - Inactive
224 121.8 139.2 1.1
7.8 - - Inactive
393 - - Inactive
ND - - Inactive
ND - - Inactive
ND - - Inactive
ND - - Inactive
593 24 58.2 26
6.3 38 2381 625

capable of cytotoxic effect on 50% of

SI (Selectivity Index): CC,, of mammalian cells / IC_ 7" cruzi, BZD: Benznidazole; Inactive: Compound was not active at any tested dose
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series 2, structural characteristic is a methyl in N3 is not beneficial for ~ halogens in the aromatic ring may be beneficial for anti-T. cruzi activity,
series 3. The sub-series 2 had the most active compounds substituted in ~ this data corroborates with that recently observed by 10,26.

N3 by a methyl, generally, the most active compound being 2h (Table 1). Bigurs3 beicn T oW e ——

Regarding the 1,3-thiazole series, three compounds had lower  relationships observed in this work.

IC,, values for the amastigote form of T. cruzi, compounds 4b (IC_ . . .

- 9.9uM), 4d (IC,, = 5.3uM) and 4h (IC,, = 8.9uM), they have very  Physicochemical properties

electronegative groups attached to the aromatic ring bound to the We also evaluated the physicochemical properties to determine
1,3-thiazole as a characteristic, however, all compounds presented a  if they are compliant with the Lipinski’s rule [28,29]. This rule has
very low selectivity index (Table 2). Two of these compounds (4d and ~ important determinants to providing better pharmacokinetics and
4h) have in common the presence of two chlorines in the aromatic ring ~ analyses promising future drug development. For this purpose,
bound to the 1,3-thiazole. One at 2 and 4 positions (4d) and the other  physicochemical and ADME properties were calculated using the
at 3 and 4 positions (4h), which may indicate that di-substitution with ~ SwissADME (a free web tool to evaluate pharmacokinetics, drug-

‘Table 2. Determination of cytotoxicity in 70 eruzi and fibroblast cells

Epimasti; IC, Tryp i Amasti IC, Fibroblast CC

C R, . R, oMy lc M mmpE W -
N d
3C \{'
3

4a H Ph H 243 83.06 - - Inactive
4b H 4-N0:-Ph H 79.1 7175 9.93 25.48 2.6
4c H 3-N0:,-l’h H 32.7 80.87 13.50 50.97 38
4 H 2.4-diC1-Ph H 10.6 53.84 5.28 12.01 2:3
4e H 4-McO-Ph H 6.9 9.65 5299 =>105.99 >2
4 H 4-CI-Ph H 250 42.76 19.64 =209.53 >10.7
4g H 4-Br-Ph H 8.5 80.33 17.82 46.92 2.6
4h H 3.4-diCl-Ph H 29.6 40.75 8.88 24.02 2.9
4i H Ph Me 109 79.36 - - Inactive
4j H 1-Naph H 244 88.70 - - Inactive
4k H 4-Me-Ph H 275 78.53 - - Inactive
41 H 4-F-Ph H 10.6 3298 2271 54.74 24
4m Me 4-MeO-Ph H 18.6 57.52 51.09 >51.09 >
4n Me 4-NO,-Ph H 83.7 169.66 4921 >196.86 >4
40 Me 2.4-diCI-Ph H NT NT 11.62 <22.2. <1.9
4p Ph 2.4-diC1-Ph H NT NT 10.11 «<20.22 <2
4q Ph 4-MeO-Ph H NT NT - - Inactive
4r Ph 4-Cl-Ph H NT NT - - Inactive

BZD - - - 488 0.3 38 2381 626.6

Concentration (pg/uL): "' < 50: " < 80; " = 80: 'Y/ < 200. 1C,,: Concentration that inhibit by 50% the growth of 7 ¢ruzi. CC,: Concentration capable of causing cytotoxic effect on 50% of
mammalian cells, CC, and IC, values were calculated using ions in triplicate and experiment was repeated, only values with a standard deviation < 10% mean were considered.
Si (Sdculivily Index): CC,, of mammalian cells / 1C, 7 cruzi

BZD: Benznidazole: Inactive: Cc d was not active at any tested dose

SUMMARY OF BIOLOGICAL STRUCTURE-ACTIVITY RELATIONSHIPS

Trifluoromethyl  group was  not
bcncﬁu.ll for the activity against the

i form when d Methyl in N3 ongmated Elecironegutive groups yeul iy
T I r I evu
El iirumlm atom. most active compounds he beneftenal lor o ackivi

H
/ N N —_—
7\ _/
FiC
Ilydvu hobic groups in C5
methyl, ethyl, 1sopropyl and

phenyl are present in the most
active compounds,

Figure 3. Below summanizes the pharmacological structurc-activity relationships ebserved in this work
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likeness and medicinal chemistry friendliness of small molecules).
Compound obeying at least three of the four criteria are considered
to adhere the Lipinski Rule [29]. All synthesized compounds are
compatible with Lipinski Rule. Another interesting property is the
number of rotatable bonds and the polar surface area (PSA). A large
number of rotatable bonds (210) has been associated with poor oral
bioavailability [30]. Compounds with a low PSA (< 140 A2) tend to
have higher oral bioavailability [30,31]. All synthesized compounds
have appropriate PSA and number of rotatable bonds (Table 3 and
Table 4).

As demonstrated in Table 5, the most active compounds shown
variable permeability based on gastrointestinal absorption (GI),
according to the BOILED-Egg predictive model (Brain Or IntestinaL
EstimateD permeation method). Three compounds showed high
gastrointestinal absorption (la, 2h and 2n). With respect to oral
bioavailability, it's expected 0.55 of the probability of oral bioavailability
score > 10% in the rat for all compounds, similar to BZD. All these
data, suggests a good in silico drug-likeness profile and great chemical
stabilities for all compounds synthesized.

Conclusion

This study has synthesized, characterized and identified 46 new
heterocyclic compounds, based on previous results. These compounds

derivatives,

wereassayed against epimastigote, trypomastigote, and amastigote forms
of T. cruzi, as well as their toxicity in L929 fibroblasts. For epimastigote
form, the most active compound was 4e. Towards (rypomastigote and
amastigote forms of T. cruzi, the most active heterocycle compounds
identified in this study were 2n (most active against trypomastigote
form) and 2h (most active against amastigote form). The findings of
this research provide insights into valuable strategies of synthesis and
Structure-Activity relationships (SAR) for the planning of new anti-T.
cruzi drugs candidates.

Experimental
General

Most the chemicals were purchased from Sigma-Aldrich (St.
Louis, USA), Merck (Berlin, Germany) or Alfa- Aesar (Massachusetts,
USA). Reactions in ultrasound bath were performed in a Unique
EM-804 TGR instrument, with a frequency of 40 kHz and a nominal
power of 180 W, without external heating. Precoated aluminum sheets
(silica gel 60 F,_, Merck) were used for thin layer chromatography
(TLC) and spots were visualized under UV light. IR spectra in KBr
pellets were acquired at Bruker FT-IR spectrophotometer. 'H and "*C
NMR were recorded on a UnityPlus 400 MHz and Bruker AMX-300
MHz spectrometer, using DMSO-d, as a solvent and tetramethylsilane
(TMS) as the internal standard. Splitting patterns were defined as s,

calculator)

Table 3. Physicochemical property profile of thi 1 by Property Caleulator (https:/mcule ‘apps/property:

vy LogPow  H-bond donors H-bond s Violation Lipinski Rotatable bonds Tt

Cpd R R R R, oo g < <10 Rule of § <10 _i};:'
la 3-Br Et H - 258.14 2.7 2 3 0 4 82.50
1b 3-Br Et Me - 27217 2.66 2 3 0 s 68.51
le 3-Br Er Ph - 33424 423 2 3 0 o 68.51
1d 4-CF, " H - 24724 2.96 2 3 0 4 82.50
le 4-CF, H Me - 26127 291 2 3 0 5 68.51
2a 3-Br E1 H H 326.21 3n | 4 0 3 79.12
2b 3-Br Et H Me 34024 3.50 | 4 0 3 79.12
2¢ 3-Br Et H Et 35427 3.89 | 4 0 4 79.12
2d 3-Br Et H i-propyl 368.29 4.14 1 4 0 4 79.12
2e 3-Br Et H diMe 354.27 388 1 4 0 3 79.12
2f 3-Br Et H Ph 402,31 4.85 | 4 0 4 79.12
2g 3-Br Et Mc H 340.24 3.06 0 4 0 3 70.33
2h 3-Br Et Me Me 35427 345 0 4 0 3 70.33
2i 3-Br Et Me Et 368.29 384 0 4 0 4 7033
2j 3-Br Et Me i-propyl 38232 4.09 0 4 0 4 7033
2k 3-Br Er Me diMe 368.29 4.02 0 4 0 3 7033
21 3-Br Et Me Ph 41634 4.80 0 4 0 4 70.33
2m 3-Br E1 Ph H 402.31 476 0 4 0 4 70.33
In 3-Br Et Ph Me 416.34 5.15 0 4 1 4 70.33
20 3-Br Et Ph Et 430.36 5.54 0 4 | 5 70.33
2 3-Br Et Ph i-propyl 444,39 579 0 4 1 5 70.33
2q 3-Br Et Ph diMe 430.36 5.54 0 4 1 Rl 70.33
r 3-Br Et Ph Ph 478.41 6.51 0 4 | 5 70.33
3a 4-CF, H H Ph 363.36 433 | 4 0 4 79.12
3b 4-CF, H H Me 301.29 2.98 L 4 0 3 79.12
3¢ 4-CF, H H H 287.26 2.59 L 4 0 3 79.12
3d 4-CF, H H Et 31532 3.36 1 4 0 4 79.12
3e 4CF, H H i-propyl 32934 361 I 4 0 4 79.12
3f 4-CF, H Me Ph 377.39 428 0 4 0 4 7033
3g 4-CF, H Me Me 31532 293 0 4 0 3 7033
3h 4-CF, H Me H 301.29 254 0 4 0 3 7033
3i 4-CF, H Me Et 32934 332 0 4 0 4 70.33
3j 4-CF, H Me i-propyl 34337 3.56 0 4 0 4 70.33
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Table 4. Physicochemical property profile of thiazole derivatives, calcul

MW Log P olw
Cpd R1 R2 R3 (g/mol) e
<500
1d H 247.24 2.06
le Me 261.27 291
1f Ph - 32334 4.49
4a H Ph H 34938 4.80
4b H 4-NO,-Ph H 392.36 578
4c H 3-NO,-Ph H 392.36 5.78
4d H 2,4-diC1-Ph H 416.25 6.00
de H 4-MeO-Ph H 377.39 471
41 H 4-ClI-Ph H 381.80 5.35
4z H 4-Br-Ph H 426.26 5.46
4h H 3.4-diC1-Ph H 416.25 6.00
4i H Ph Me 361.39 5.01
4j H 1-Naph H 397.42 585
4k H 4-Me-Ph H 361.39 5.01
41 H 4-F-Ph H 365.35 4.84
4m Me 4-McO-Ph H 301.41 4.72
4n Me 4-NO,-Ph H 406.38 514
4o Me 2.4-diC1-Ph H 430.27 6.01
4p Ph 2.4-diC1-Ph H 492.34 747
4q Ph 4-MeO-Ph H 45348 6.17
4r Ph 4-C1-Ph H 457.90 6.81

Table 5. ADME properties of most active compounds

Compound “BBB permeant
1a No
2h Yes
2n Yes
4d No
BZD No

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

singlet; d, doublet; t, triplet; g, quartet; m, multiplet. Chemical shift
values were given in, ppm. DEPT was employed to confirm the carbon
assignment. Melting points were measured using capillaries on a
Thomas device Hoover.

Synthesis of intermediate thiosemicarbazones. Example for
3-bromophenyl propylidene hydrazine carbothioamide (1a)

In a round bottom flask for 50 mL, the 3-bromophenyl propanone
(0.45 g, 2.12 mmol) was dissolved in 8 mL EtOH, following by the
addition of catalytic HCL. The flask was placed in an ultrasound
bath (40 kHz, 180 W) and under sonication, 0.23 g (2.12 mmol) of
thiosemicarbazide was added in the reaction, After 3 h, distilled water
was added, and the precipitate formed was cooled at 0° C and the
precipitate was filtered in a Biichner funnel with a sintered disc filter,
washed with ethanol and then dried over SiO,. Colorless crystals were
formed in a yield of approximately 70%.

2-(1-(3-bromophenyl) propylidene)hydrazinecarbothio-
amide (1a)

Yellow crystals; Yield 68%; m.p.(°C) 140-143; Rf: 0.71 (Hexane/
ethyl acetate 7:3). IR (KBr, cm'): 3416 (NH), 3202 and 3147 (NH,),
1598 (C=N). '"H NMR (400 MHz, DMSO-d.,), 8, ppm: 1.01 (t, /= 7.6 Hz,
3H,CH,), 2.83(q,/=7.6 Hz, 2H,CH ), 7.34 (1, ] = 7.8 Hz, 1H, Ar), 7.52
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1 by Property Calculator (https:/mcule.com/apps/property-calculator)

H-bond
acceptors
<10

Violation
Lipinski
Rule of 5

“PSA
(A7)
<140

82.50
68.51

68.51

65.52
111.34
11134
65.52
74.75

65.52

65.52

65.52
65.52
65.52
65.52
65.52
67.12
103.71
57.89
57.89
67.12
57.89

Rotatable bonds
<10

H-bond donors
<S

[

LT T Y ¥ Ry ¥ Y R - LV - - SRR NN ST R N

w

WOk W WO AW W W W W W W E WO W W W
[P N

T T — T — T — T — T o o e e T T *
b | pintein |rwaehsin ueel | s | st | et et ||| bt || ik | D

wo>

**G1 absorption Bioavailability Score

High 0.55
High 0.55
High 0.55
Low 0.55
High 0.55

(d,/=7.6 Hz, 1H, Ar),7.83(d, ) = 7.6 Hz, 1H, Ar), 8.12 (s, 1H, Ar), 8.34
(s, H, NH), 10.32 (s, 2H, NH ). "C NMR (100 MHz, DMSO-d,), §, ppm:
10.8 (CH,), 19.1 (CH,), 122.0 (CH, Ar), 125.7 (CH, Ar), 129.0 (CH, Ar),
130.3 (CH, Ar), 133.0 (CH, Ar), 136.2 (CH, Ar), 150.2 (C=N), 179.1
(C=5).

2-(1-(3-bromophenyl)propylidene)-N-methylhydrazinecarbo-
thioamide (1b)

Yellow crystals; Yield 81%; m.p.(°C) 143-146; Rf: 0.72 (Hexane/
ethyl acetate 8:2). IR (KBr, cm™): 3290 and 3192 (NH), 1551 (C=N).'H
NMR (400 MHz, DMSO-dﬁ), S, ppm: 1.02 (t, ] = 7.4 Hz, 3H, CH!), 2.83
(q, /= 7.4 Hz, 2H, CH,), 3.45 (d, 3H, CH,-NH), 7.34 (t, ] = 7.9 Hz, 1H,
Ar), 7.53 (d, ] = 7.8 Hz, 1H, Ar), 7.84 (d, ] = 8.0 Hz, 1H, Ar), 8.12 (s,
1H, Ar), 8.51 (brs, 1H, NH), 10.42 (brs, 1H, NH). “C NMR (100 MHz,
DMSO-d,), 8, ppm: 8 10.7 (CH,), 19.1 (CH,), 31.1 (N-CH), 122.1 (CH,
Ar), 125.7 (BrC, Ar), 127.2 (CH, Ar), 130.4 (CH, Ar), 131.7 (CH, Ar),
138.8 (C, Ar), 149.9 (C=N), 178.6 (C=S).

2-(1-(3-bromophenyl)propylidene)-N-phenylhydrazine-
carbothioamide (1¢)

Yellow crystals; Yield 70%; m.p.(°C) 150-151; Rf: 0.60 (Hexane/
cthyl acetate 8:2). IR (KBr, cm *): 3307 and 2971 (NH), 1522 (C=N). 'H
NMR (400 MHz, DMSO-d,), 8, ppm: 1.12 (1, / = 7.4 Hz, 3H, CH,), 2.90
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(q,/=74 Hz, 2H, CH,), 7.21 (1, ] = 7.2 Hz, 1H, Ar), 7.32 (m, 3H, Ar),
7.53 (m, 3H, Ar), 7.90 (d, ] = 7.6 Hz, 1H, Ar), 8.21 (s, 1H, Ar), 10.12
(s, 1H, NH), 10.73 (s, 1H, ArNH). “C NMR (100 MHz, DMSO-d ), 6,
ppm: 10.8 (CH,), 19.4 (CH,), 122.0 (CH, Ar), 1254 (CH, Ar), 125.9
(BrC, Ar), 126.1 (CH, Ar), 128.0 (CH, Ar), 129.2 (CH, Ar), 130.3 (CH,
Ar), 131.9 (CH, Ar), 138.6 (C, Ar), 139.1 (C-N, Ar), 151.1 (C=N), 177.2
(C=9).

4-(trifluoromethyl) phenyl] methylidene}amino]thiourea (1d)

White crystals; Yield 85%; m.p.(°C) 166-170; Rf:0,41 (hexane/ethyl
acetate 7:3). IR (KBr, em™'): 3272.63 (NH), 1698.36 (C=N). 'H NMR
(400 MHz, DMSO-d,), 6, ppm: 3.35 (s, 2H, NH,), 7.67 (d, ] = 7.8 Hz,
2H, Ar), 7.80 (d, ] = 8.1 Hz, 2H, Ar), 8.30 (s, 1H, HC=N), 11.60 (s, 1H,
NH). *C NMR (100 MHz, DMSO-dﬁ), 6, ppm: 125.3 (C, Ar), 1253 (C,
Ar), 127.7 (C, Ar), 130.0 (C, Ar), 134.5 (C, Ar), 138.1 (C, Ar), 140.2
(C=N), 178.3 (C=S).

3-methyl-1-{[4-(trifluoromethyl)phenyl]methylidene}
aminothiourea (1e)

White crystals; Yield 94%; m.p.(°C) 234-236; Rf:0,75 (hexane/ethyl
acetate 7:3). IR (KBr, em™): 3158.76 (NH), 1539.93 (C=N). 'H NMR
(400 MHz, DMSO-d,), 8, ppm: 3.02 (d, ] = 4.2 Hz, 3H, CH,), 7.76 (d, ] =
7.8 Hz, 2H, Ar), 8.02 (d, ] = 7.5 Hz, 2H, Ar), 8.69 (s, 1H, HC=N), 11.69
(s, 1H, NH). "C NMR (100 MHz, DMSO-dé), &, ppm: 30.9 (CHS), 125.5
(C, Ar), 127.7 (C, Ar), 1384 (C, Ar), 138.8 (C=N), 177.9 (C=S).

Synthesis of aryl-thiazolinones (2a-2r). Example: 3-bromo-
phenyl propylidene hydrazone - 3,5-dimethylthiazolidin-
4-one: (2h):

In a round bottom flask for 50 mL, was added the compound
INT-2 (0.61 g, 2.12 mmol), 20 mL of ethanol and anhydrous sodium
acetate (0.71 g, 8.28 mmol). After heating for about 15 minutes, methyl
2-bromopropionate was added (0.65 g, 4.24mmol) and the reaction was
stirred and refluxed (120° C) for approximately 20 hours (monitored by
TLC). The reaction was cooled at 0° C for two days and, subsequently,
the powder was separated from the supernatant Buchner funnel with
a sintered disc filter, washed with ethanol and then transferred to
a desiccator under vacuum. There was obtained a yellow coloured
powder with a yield of 92%.

2-((1-(3-bromophenyl)propylidene)hydrazono)thiazolidin-
4-one (2a)

Recrystallization in toluene afforded white crystals, yield = 22%.
M.p. (° C): 142-144. Rf: 0.66 (Toluene/ethyl acetate 7:3). IR (KBr):
3201 (NH), 1601 (C=0), 1507 (C=N) cm™. 'H NMR (300 MHz,
DMSO-d,): 0.92 (t,J=7.2 Hz, 3H, CH,), 2.93 (q, ] = 7.2 Hz, 2H, CH,),
3.93 (s, 2H CH,),7.32(t,/ = 7.9 Hz, 1H, Ar), 7.64 (d, ] = 7.5 Hz, lH
Ar), 7.72 (d, ] = 7.5 Hz, 1H, Ar), 7.91 (s, 1H, Ar), 11.92 (s, 1H, NH).
*C NMR (75.5 MHz, DMSO-d,): 11.6 (CH,), 20.7 (CH,), 32.8 (CH,,
heterocycle), 122.0 (CH, Ar), 125.6 (BrC, Ar), 128.9 (CH, Ar), 130.7
(CH, Ar), 132.3 (CH, Ar), 138.8 (C, Ar), 163.5 (C=N), 165.5 (S-C=N),
173.9 (C=0).

2-((1-(3-bromophenyl)propylidene)hydrazono)-5-
methylthiazolidin-4-one (2b)

The washing in ethanol afforded yellow powders, yield = 49%. M.p.
(° C): 119-121. Rf: 0.68 (Toluene/ethyl acetate 8:2). IR (KBr): 3409
(NH), 1722 (C=0), 1565 (C=N) cm'. "H NMR (300 MHz, DMSO-d,):
1.02 (t, ] = 7.65 Hz, 3H, CH,), 1.53 (d, / = 6.9 Hz, 3H, CH -C5), 2.92
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(q.J=7.7 Hz, 2H, CH}). 4.14 (q, ] = 7.3 Hz, 1H, CH heterocycle), 7.43
(t, J = 7.95 Hz, 1H, Ar), 7.62 (d, J = 9.9 Hz, 1H, Ar), 7.84 (d, = 9.8
Hz, 1H, Ar), 7.92 (s, 1H, Ar), 11.82 (s, 1H, NH). “C NMR (75.5 MHz,
DMSO-d,): 11.6 (CH,), 18.6 (CH,), 20.6 (CH,, heterocycle), 41.9 (CH,
hetcmcyclc) 122.0 ((‘H Ar), 125.6 (BrC, Ar), 126.2 (CH, Ar), 1294
(CH, Ar), 130.8 (CH, Ar), 133.2 (C, Ar), 150.6 (C=N), 163.6 (S-C=N),
176.7 (C=0).

2-((1-(3-bromophenyl)propylidene)hydrazono)-5-
ethylthiazolidin-4-one (2¢)

Recrystallization in toluene afforded yellowish crystals, yield =
58%. M.p. (°C): 116-118. Rf: 0.70 (Toluene/ethyl acetate 8:2). IR (KBr):
1714 (C=0), 1613 (C=N) cm™. 'H NMR (300 MHz, DMSO-d,): 0.93
(m, 6H,CH ), 1.92 (m, 2H, CH,-C5),2.94 (q, / = 7.5 Hz, 2H, CH ), 4.12
(q, ] = 4.0 Hz, 1H, CH heterocycle), 7.30 (t, ] = 7.9 Hz, 1H, Ar), 7.63
(d, ] =7.8 Hz, 1H, Ar), 7.8 (d, ] = 7.8 Hz, 1H, Ar), 7.92 (s, 1H, Ar). *C
NMR (75.5 MHz, DMSO-d,): 10.3 (CH,), 11.6 (CH,), 20.6 (CH,), 25.4
(CH,), 49.2 (CH heterocyule) 122.0 (CH, Ar), 125.5 (BrC, Ar), 128.8
(CH, Ar), 130.7 (CH, Ar), 132.1 (CH, Ar), 138.9 (C, Ar), 163.0 (C=N),
165.2 (§-C=N), 176.8 (C=0).

2-((1-(3-bromophenyl)propylidene)hidrazono)-5-
isopropilthiazolidin-4-one (2d)

The washing in ethanol afforded yellow powders, yield = 93%.
M.p. (° C): 135-137. Rf: 0.74 (Toluene/ethyl acetate 8:2). IR (KBr):
3421 (NH), 1708 (C=0), 1613 (C=N) cm'. 'H NMR (400 MHz,
DMSO-d,): 0.92 (m, 9H, CH3), 2.43 (m, 1H, CH-C5), 2.81 (q, ] =
5.9 Hz, 2H, CH,), 3.92 (d, ] = 3.2 Hz, 1H, CH heterocycle), 7.32
(t, ] = 7.8 Hz, 1H, Ar), 7.53 (d, ] = 8.4 Hz, 1H, Ar), 7.74 (d, | =
7.6 Hz, 1H, Ar), 7.92 (s, 1H, Ar). “C NMR (100 MHz, DMSO-d,):
11.5 (CH,), 16.3 (CH,), 17.7 (CH,), 20.3 (CH)), 21.3 (CH), 56.5
(CH helerocyc.le) 121. 9(CH Ar), 125.1 (BrC, Ar), 128.4 (CH, Ar),
130.5 (CH, Ar), 131.3 (CH, Ar), 139.6 (C, Ar), 159.5 (C=N), 160.4
(S-C=N), 172.1 (C=0).

2-((1-(3-bromophenyl)propylidene)hidrazono)-5,5-
dimethylthiazolidin-4-one (2e)

Recrystallization in toluene afforded yellowish crystals, yield =
88%. M.p. (° C): 162-164. Rf: 0.45 (Toluene/ethyl acetate 8:2). IR (KBr):
1712 (C=0), 1615 (C=N) cm™". '"H NMR (400 MHz, DMSO-d,): 1.12 (t,
] =74 Hz, 3H, CH3), 1.74 (s, 6H, CH,), 2.93 (q, ] = 7.4 Hz, 2H, CH,),
7.23 (t,] = 6.4 Hz, 1H, Ar), 7.54 (d, ] = 8.4 Hz, 1H, Ar), 7.74 (d, ] = 7.6
Hz, 1H, Ar), 7.93 (s, 1H, Ar). "C NMR (100 MHz, DMSO—d"): 11.8
(CH,), 22.0 (CH,), 28.0 (CH, heterocycle), 28.3 (CH, heterocycle), 49.6
(C, heterocycle), 122.0 (CH, Ar), 122.8 (BrC, Ar), 123.3 (CH, Ar), 129.9
(CH, Ar), 130.0 (CH, Ar), 133.1 (C, Ar), 161.7 (C=N), 166.2 (S-C=N),
175.1 (C=0).

2-((1-(3-bromophenyl)propylidene)hidrazono)-5-
phenylthiazolidin-4-one (2f)

The washing in ethanol afforded yellow powders, yield = 85%.
M.p. (°C): 187-189. Rf: 0.82 (Toluene/ethyl acetate 8:2). IR (KBr): 1709
(C=0), 1619 (C=N) cm". 'H NMR (400 MHz, DMSO-d,): 1.02 (t, ]
=74 Hz, 3H, CH,), 2.93 (q, ] = 7.6 Hz, 2H, CH,), 542 (s, IH, CH
heterocycle), 7.14 (m, 6H, Ar), 7.63 (d, /] = 7.2 Hz, 1H, Ar-Br), 7.75
(d, ] = 7.9 Hz, 1H, Ar-Br), 7.93 (s, 1H, Ar-Br). *C NMR (100 MHz,
DMSO-d,): 11.6 (CH,), 20.7 (CH,), 51.1 (CH heterocycle), 122.0 (CH,
Ar), 125.2 3 (BrC, Ar), 125.6 (CH, Ar), 128.0 (CH, Ar), 128.1 (CH, Ar),
128.4 (CH, Ar), 128.8 (CH, Ar), 128.9 (CH, Ar), 130.7 (CH, Ar), 132.3
(C, Ar), 138.7 (C=N), 163.4 (5-C=N), 175.3 (C=0).

Volume 2: 8-12



148

de Siqueira LRP (2019) Synthesis and anti-7rypanosoma eruzi profile of the novel 4-thiazolidinone and 1,3-thiazole derivatives

2-((1-(3-bromophenyl)propylidene)hidrazono)-3-
methylthiazolidin-4-one (2g)

The washing in ethanol afforded yellow powders, yield = 74%.
M.p. (°C): 129-131. Rf: 0.72 (Toluene/ethyl acetate 9:1). TR (KBr):
1707 (C=0), 1628 (C=N) cm . '"H NMR (400 MHz, DMSO-d,): 1.02
(t,J=7.2 Hz, 3H, CH)), 1.84 (m, 2H, CH,), 2.93 (s, CH, heterocycle),
3.34 (s, 3H, N-CH)), 7.42 (t, ] = 7.8 Hz, 1H, Ar), 7.63 (d, ] = 7.2 Hg,
1H, Ar), 7.82 (d, ] = 7.9 Hz, 1H, Ar), 7.93 (s, 1H, Ar). "C NMR (100
MHz, DMSO-d,): 11.9 (CH,), 20.6 (CH,), 25.4 (CH heterocycle), 49.2
(N-CH,), 121.9 (CH, Ar), 125.5 (BrC, Ar), 128.8 (CH, Ar), 130.7 (CH,
Ar), 132.1 (CH, Ar), 138.9 (C, Ar), 163.0 (C=N), 165.1 (S-C=N), 176.8
(C=0).

2-((1-(3-bromophenyl) propylidene)hidrazono)-3,5-dimeth-
ylthiazolidin-4-one (2h)

The washing in ethanol afforded yellow powders, yield = 92%.
M.p. (°C): 120-122. Rf: 0.68 (Toluene/ethyl acetate 8:2). IR (KBr): 1716
(C=0), 1611 and 1573 (C=N) cm™. 'H NMR (300 MHz, DMSO-d):
1.02 (t, ] = 7.6 Hz, 3H, CH3), 1.54 (d, ] = 7.8 Hz, 3H, CH,), 2.93 (q,
J = 7.4 Hz, 2H, CH,), 3.34 (s, 3H, N-CH,), 4.24 (g, /] = 7.3 Hz, 1H,
CH), 7.42 (t, ] = 7.2 Hz, 1H, Ar), 7.63 (d, ] = 8.4 Hz, 1H, Ar), 7.83 (d,
J = 8.1 Hz, 1H, Ar), 7.93 (s, 1H, Ar). "C NMR (75.5 MHz, DMSO-d,):
11.4(CH,), 18.6 (CH,), 20.7 (CH, heterocycle), 29.5 (N-CH,), 41.3 (CH
heterocycle), 122.0 (CH, Ar), 125.7 (BrC, Ar), 128.9 (CH, Ar), 130.7
(CH, Ar), 132.4 (CH, Ar), 138.7 (C, Ar), 163.2 (C=N}), 164.9 (5-C=N),
175.1 (C=0).

2-((1-(3-bromophenyl)propylidene)hidrazono)-5-ethyl-3-
methylthiazolidin-4-one (2i)

The washing in ethanol afforded yellow powders, yield = 69%.
M.p. (°C): 187-189. Rf: 0.62 (Toluene/ethyl acetate 8:2). IR (KBr): 1722
(C=0), 1605 (C=N) cm. '"H NMR (400 MHz, DMSO-d,): 0.93 (t, ] =
7.2 Hz, 3H, CH,), 1.04 (t, ] = 7.6 Hz, 3H, CH,), 1.93 (m, 2H, CH,-C5
heterocycle), 2.93 (q, / = 3.2 Hz, 2H, CH,), 3.24 (s,3H,CH,),4.24 (q, ] =
3.0 Hz, 1H, CH heterocycle), 7.44 (t, ] = 7.8 Hz, 1H, Ar), 7.63 (d, ] = 8.0
Hz, 1H, Ar), 7.84 (d, ] = 7.6 Hz, 1H, Ar), 7.93 (s, 1 H, Ar). "CNMR (100
MHz, DMSO-d,): 10.3 (CH,), 11.4 (CH,), 20.8 (CH,), 25.4 (CH,), 29.4
(N-CH,), 48.2 (CH heterocycle), 122.0 (CH, Ar), 125.7 (BrC, Ar), 128.9
(CH, Ar), 130.7 (CH, Ar), 132.5 (CH, Ar), 138.7 (C, Ar), 163.0 (C=N),
165.2 (S-C=N), 174.2 (C=0).

2-((1-(3-bromophenyl) propylidene)hidrazono)-5-isopropyl-
3-methylthiazolidin-4-one (2j)

The washing in ethanol afforded yellow powders, yield = 92%.
M.p. (°C): 136-138. Rf: 0.59 (Toluene/ethyl acetate 8:2). IR (KBr): 1716
(C=0), 1611 (C=N) cm’. '"H NMR (400 MHz, DMSO-d ): 1.02 (t, ] =
7.6 Hz, 3H, CH,), 1.52 (d, ] = 7.2 Hz, 6H, CH,), 2.93 (q, ] = 7.2 Hz, 2H,
CH,), 3.34 (s, 3H, N-CH,), 4.24 (q, ] = 7.2 Hz, 1H, CH heterocycle),
7.44(t, ] = 8.0 Hz, 1H, Ar), 7.63 (d, ] = 7.2 Hz, 1H, Ar), 7.84 (d, ] = 7.6
Hz, 1H, Ar), 7.94 (s, 1H, Ar). "C NMR (100 MHz, DMSO-4,): 10.1
(CH,), 11.2 (CH,), 11.6 (CH,), 13.8 (CH), 20.6 (CH,), 29.1 (N-CH,),
46.3 (CH heterocycle), 122.0 (CH, Ar), 125.7 (BrC, Ar), 128.9 (CH,
Ar),130.7 (CH, Ar), 132.4 (CH, Ar), 138.7 (C, Ar), 163.2 (C=N), 164.9
(8-C=N), 175.1 (C=0).

2-((1-(3-bromophenyl)propylidene)hidrazono)-3,5,5-
trimethylthiazolidin-4-one (2k)

Recrystallization in toluene afforded yellowish crystals, yield =
31%. M.p. (°C): 133-135. Rf: 0.63 (Toluene/ethyl acetate 8:2). IR (KBr):
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1715 (C=0), 1608 (C=N) cm™". 'H NMR (300 MHz, DMSO-d, ): 0.93 (t,
] =5.25 Hz, 3H, CH,), 2.54 (q, / = 7.7 Hz, 2H, CH,), 3.3 (s, 6H, diMe),
5.64 (s, 3H, N3-CH3). 7.54 (t,] = 7.8 Hz, 1H, Ar), 7.44 (d, ] = 8.8 Hz,
1H, Ar), 7.63 (d, ] = 8.1 Hz, 1H, Ar), 7.93 (s, 1H, Ar). "C NMR (75.5
MHz, DMSO-d): 10.4 (CH)), 11.6 (CH,), 21.6 (CH,-N3), 28.3 (CH,,
heterocycle), 29.8 (CH,, heterocycle), 51.2 (C, heterocycle), 122.7 (CH,
Ar), 124.9 (BrC, Ar), 125.4 (CH, Ar), 129.2 (CH, Ar), 129.6 (CH, Ar),
132.6 (C, Ar), 161.6 (C=N), 166.2 (S-C=N), 178.2 (C=0).

2-((1-(3-bromophenyl)propylidene)hidrazono)-3-methyl-5-
phenylthiazolidin-4-one (21)

The washing in ethanol afforded yellow powders, yield = 90%.
M.p. (°C): 128-130. Rf: 0.66 (Toluene/ethyl acetate 8:2). IR (KBr): 1709
(C=0), 1619 (C=N) em™. '"H NMR (400 MHz, DMSO-d,): 1.02 (t, ] =
7.4 Hz, 3H, CH3), 222 (s, 3H, CH,), 2.93 (q, / = 7.5 Hz, 2H, CH,), 5.43
(s, 1H, CH heterocycle), 7.33 (m, 6H, Ar), 7.64 (d, ] = 8.0 Hz, 1H, Ar-
Br), 7.84 (d, J = 8.0 Hz, 1H, Ar-Br), 7.93 (s, 1H, Ar-Br). *C NMR (100
MHz, DMSO-dE): 11.6 (CH_‘), 13.8 (CHJ), 20.7 (CH,~N3), 26.3 (CH,
heterocycle), 122.0 (CH, Ar), 125.2 (BrC, Ar), 125.6 (CH, Ar), 128.1
(CH, Ar), 128.2 (CH, Ar), 128.4 (CH, Ar), 128.8 (CH, Ar). 130.7 (CH,
Ar), 132.3 (C, Ar), 137.0 (C, Ar), 138.7 (C=N), 163.6 (S-C=N), 175.1
(C=0).

2-((1-(3-bromophenyl)propilidene)hidrazono)-3-
phenylthiazolidin-4-one (2m)

The washing in ethanol afforded yellow powders, yield = 61%.
M.p. (°C): 168-170. Rf: 0.58 (Hexane/ethyl acetate 8:2). IR (KBr): 1720
(C=0), 1602 (C=N) cm-1. IH NMR (400 MHz, DMSO-d6): 0.84 (t, ]
= 7.4 Hz, 3H, CH3), 2.63 (q, ] = 8.8 Hz, 2H, CH2), 4.14 (s, 2H, CH2
heterocycle), 7.42 (m, 6H, Ar), 7.63 (d, ] = 8.0 Hz, 1H, Ar-Br), 7.73
(d, ] = 8.0 Hz, 1H, Ar-Br), 7.93 (s, 1H, Ar-Br). 13C NMR (100 MHz,
DMSO-d6): 11.3 (CH3), 21.0 (CH2), 32.3 (CH2 heterocycle), 122.0
(CH, Ar), 125.7 (BrC, Ar), 127.9 (CH, Ar), 128.4 (CH, Ar), 128.8 (CH,
Ar), 128.9 (CH, Ar), 130.7 (CH, Ar), 132.5 (CH, Ar), 135.0 (C, Ar),
138.6 (N3-C, Ar), 164.2 (C=N), 165.3 (§-C=N), 171.8 (C=0).

2-((1-(3-bromophenyl)propilidene) hidrazono)-5-methyl-3-
phenylthiazolidin-4-one (2n)

Recrystallization in toluene afforded yellowish crystals, yield =
68%. M.p. (°C): 141-143. Rf: 0.69 (Hexane/ethyl acetate 8:2). IR (KBr):
1724 (C=0), 1605 (C=N) cm '. '"H NMR (400 MHz, DMSO-db): 0.84
(t,] = 7.4 Hz, 3H, CH,), 1.63 (d, ] = 7.2 Hz, 3H, CH3), 2.6 (q, ] = 7.6
Hz, 2H, CH2), 4.44 (q, ] = 7.2 Hz, 1H, CH heterocycle), 7.33 (m, 5H,
Ar), 7.54 (t, ] = 7.8 Hz, 1H, Ar-Br), 7.63 (d, /] = 7.0 Hz, 1H, Ar-Br),
7.75 (d, J = 7.6 Hz, 1H, Ar-Br), 7.9 (s, 1H, Ar-Br). "C NMR (100
MHz, DMSO-d,): 11.3 (CH,), 18.7 (CH,), 20.9 (CH,), 41.3 (CH
heterocycle), 122.0 (CH, Ar), 125.7 (BrC, Ar), 127.9 (CH, Ar), 1285
(CH, Ar), 128.8 (CH, Ar), 128.9 (CH, Ar), 130.7 (CH, Ar), 132.5 (CH,
Ar), 135.0 (C, Ar), 138.6 (N3-C, Ar), 162.9 (C=N), 165.3 (S-C=N),
174.8 (C=0).

2-((1-(3-bromophenyl)propylidene)hidrazono)-5-ethyl-3-
phenylthiazolidin-4-one (20)

The washing in ethanol afforded yellow powders, yield = 90%.
M.p. (°C): 121-123. Rf: 0.68 (Toluene/ethyl acetate 8:2). IR (KBr): 1731
(C=0), 1603 (C=N) cm’". '"H NMR (400 MHz, DMSO-d,): 0.83 (t, ] =
7.4 Hz, 3H, CH,), 1.03 (t, ] = 7.0 Hz, 3H, CH,), 2.04 (m, 2H, CH,), 2.62
(g,/=7.3 Hz, 2H, CH,), 443 (, ] = 5.4 Hz, 1H, CH heterocycle), 7.33
(m, 6H, Ar), 7.62 (d, ] =8.8 Hz, 1H, Ar-Br), 7.72 (d, / = 8.0 Hz, 1H, Ar-
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Br), 7.91 (s, 1H, Ar-Br). *C NMR (100 MHz, DMSO-d,): 10.1 (CH,),
11.3 (CH,), 21.0 (CH,), 25.6 (CH,), 48.2 (CH heterocycle), 122.0 (CH,
Ar), 125.7 (BrC, Ar), 127.9 (CH, Ar), 128.5 (CH, Ar), 128.8 (CH, Ar),
129.9 (CH, Ar), 130.7 (CH, Ar), 132.5 (CH, Ar), 134.9 (CH, Ar), 138.6
(N3-C, Ar), 162.7 (C=N), 165.5 (S5-C=N), 173.9 (C=0).

2-((1-(3-bromophenyl)propylidene)hidrazono)-5-isopropyl-
3-phenylthiazolidin-4-one (2p)

Recrystallization in toluene afforded yellowish crystals, yield
= 67%. M.p. (°C): 157-159. Rf: 0.55 (Toluene/ethyl acetate 8:2). IR
(KBr): 1725 (C=0), 1566 (C=N) cm ™. 'H NMR (400 MHz, DMSO-d, ):
0.82 (m, 6H, CH,), 1.02 (t, ] = 7.6 Hz, 3H, CH,), 2.63 (q, ] = 5.3 Hz,
2H, CH,), 3.12 (m, 1H, CH isopropyl), 4.52 (d, ] = 3.8 Hz, 1H, CH
heterocycle), 7.42 (m, 6H, Ar), 7.63 (d, ] = 7.6 Hz, 1H, Ar-Br), 7.84
(d, ] = 7.9 Hz, 1H, Ar-Br), 7.93 (s, 1H, Ar-Br). *C NMR (100 MHz,
DMSO-dﬁ): 10.9(CH,), 17.4 (CHJ), 20.8 (CHB), 26.3 (CH, diMe), 53.9
(CH heterocycle), 122.0 (CH, Ar), 125.7 (BrC, Ar), 127.9 (CH, Ar),
129.3 (CH, Ar), 129.5 (CH, Ar), 130.1 (CH, Ar), 130.9 (CH, Ar), 132.9
(CH, Ar), 135.5 (CH, Ar), 138.7 (C, Ar), 139.2 (CH, Ar), 163.0 (C=N),
165.1 (S-C=N), 172.7 (C=0).

2-((1-(3-bromophenyl)propylidene)hidrazono)-5,5-
dimethyl-3-phenylthiazolidin-4-one (2q)

Recrystallization in toluene afforded yellowish crystals, yield =
40%. M.p. (°C): 122-124. Rf: 0.56 (Hexane/ethyl acetate 8:2). IR (KBr):
1732 (C=0), 1606 (C=N) cm". 'H NMR (400 MHz, DMSO-d,): 0.85
(t, ] = 74 Hz, 3H, CH,), 1.63 (s, 6H, CH,), 2.63 (q, /] = 7.5 Hz, 2H,
CH,), 7.42 (m, 6H, Ar), 7.63 (d, ] = 7.6 Hz, 1H, Ar-Br), 7.72 (d, ] = 8.0
Hz, 1H, Ar-Br), 7.93 (s, 1H, Ar-Br). "C NMR (100 MHz, DMSO-!IG):
11.2 (CH,), 20.9 (CH,), 27.8 (CH,, heterocycle), 50.8 (C, heterocycle),
122.0 (CH, Ar), 125.7 (BrC, Ar), 128.0 (CH, Ar), 128.6 (CH, Ar), 128.8
(CH, Ar), 130.7 (CH, Ar), 132.5 (CH, Ar), 135.0 (CH, Ar), 138.5 (C,
Ar),161.7 (C=N), 165.3 (§-C=N), 177.2 (C=0).

2-((1-(3-bromophenyl)propylidene)hidrazono)-3,5-
diphenylthiazolidin-4-one (2r)

The washing in ethanol afforded yellow powders, yield = 61%.
M.p. (°C): 183-185. Rf: 0.67 (Hexane/ethyl acetate 8:2). IR (KBr): 1728
(C=0), 1602 (C=N) cm". 'H NMR (400 MHz, DMSO-d,): 0.93 (1, J
= 7.2 Hz, 3H, CH,), 2.63 (d, ] = 7.6 Hz, 2H, CH,), 5.62 (s, 1H, CH
heterocycle), 7.42 (m, 11H, ArH), 7.72 (d, ] = 7.6 Hz, 1H, Ar-Br), 7.93
(s, 1H, Ar-Br). ®C NMR (100 MHz, DMSO-d,): 11.3 (CH,), 21.0 (CH,),
50.2 (CH, heterocycle), 122.0 (CH, Ar), 125.7 (BrC, Ar), 128.0 (CH,
Ar), 128.4 (CH, Ar), 128.6 (CH, Ar), 128.9 (CH, Ar), 130.7 (CH, Ar),
132.6 (C, Ar), 135.0 (CH, Ar), 136.7 (CH, Ar), 138.5 (CH, Ar), 162.4
(C=N), 165.8 (S-C=N), 172.7 (C=0).

5-phenyl-2-[2-{[4-(trifluoromethyl)phenyl] methylidene}
hydrazin-1-ylidene]-1,3-thiazolidin-4-one (3a)

White crystals; Yield 43%; m.p.(°C) 212-215; Rf: 0.61 (Toluene
/ ethyl acetate 7:3). IR (KBr, cm): 2943.43 (NH), 1723.06 (C=0),
1637.62 (C=N). '"H NMR (400 MHz, DMSO-d,), 6, ppm: 5.48 (s, 1H,
CH thiazolidin-4-one), 7.35-7.39 (m, 5H, Ar), 7.81 (d, ] = 8 Hz, 2H,
Ar), 7.96 (d, ] = 7.2 Hz, 2H, Ar), 8.55 (s, 1H, HC=N), 12.10 (s, 1H,
NH). "C NMR (100 MHz, DMSO-d,), 8, ppm: 51.9 (C, thiazolidin-
4-one), 122.7 (CF,), 125.7 (C, Ar), 126.2 (C, Ar), 126.2 (C, Ar), 128.7
(C, Ar), 128.9 (C, Ar), 1294 (C, Ar), 137.3 (N=C-S), 138.6 (C=N),
155.3 (C=0).
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5-methyl-2-[2-{[4-(trifluoromethyl)phenyl] methylidene}
hydrazin-1-ylidene]-1,3-thiazolidin-4-one (3b)

White crystals; Yield 45%; m.p.(°C) 239-241; Rf: 0.71 (Toluene /
ethyl acetate 7:3). IR (KBr, cm™): 2939.54 (NH), 1727.77 (C=0), 1641.83
(C=N). 'HNMR (400 MHz, DMSO-d,), 6, ppm: 1.51 (d, J= 7.2 Hz, 3H,
CH,),4.23 (d, ] = 7.2 Hz, 1H, CH thiazolidin-4-one), 7.83 (d, ] = 8.4 Hz,
2H, Ar), 7.96 (d, ] = 8.4 Hz, 2H, Ar), 8.51 (s, 1H, HC=N), 12.05 (s, 1H,
NH). “C NMR (100 MHz, DMSO-d,), &, ppm: 16.7 (C, CH,), 42.3 (C,
thiazolidin-4-one), 122.7 (CF3), 125.4 (C, Ar), 125.7 (C, Ar), 128.2 (C,
Ar), 130.0 (C, Ar), 130.3 (C=N), 137.3 (N=C-S), 154.9 (C=0).

2-[2-{[4-(trifluoromethyl)phenyl] methylidene}hydrazin-1-
ylidene]-1,3-thiazolidin-4-one (3¢)

White crystals; Yield 40%; m.p.(°C) 251-254; Rf: 0.45 (Toluene
/ ethyl acetate 7:3). IR (KBr, cm'): 2941.46 (NH), 1710.55 (C=0),
1644.05 (C=N). '"H NMR (400 MHz, DMSO-dﬁ), 8, ppm: 3.92 (s, 2H,
thiazolidin-4-one), 7.83 (d, ] = 8.4 Hz, 2H, Ar), 7.96 (d, ] = 8 Hz, 2H,
Ar), 8.50 (s, 1H, HC=N), 12.08 (s, 1H, NH). “C NMR (100 MHz,
DMSO-d,), 8, ppm: 33.1 (C, thiazolidin-4-one), 122.7 (CF3), 125.4 (C,
Ar), 125.7 (C, Ar), 128.2 (C, Ar), 130.0 (C, Ar), 130.3 (N=C-S), 138.1
(C=N), 154.9 (C=0).

5-ethyl-2-[2-{[4-(trifluoromethyl)phenyl|methylidene}
hydrazin-1-ylidene]-1,3-thiazolidin-4-one (3d)

White crystals; Yield 65%; m.p. (°C) 235-237; Rf: 0.79 (Toluene
/ ethyl acetate 7:3). IR (KBr, cm™): 2965.93 (NH), 1714.07 (C=0),
1641.98 (C=N). '"H NMR (400 MHz, DMSO—dﬁ), &, ppm: 0.96 (1, J=7.2
Hz, 3H, CH,), 1.76-1.86 (m, 1H, CH:). 1.94-2.02 (m, 1H, CH:), 4.26 (q,
J =8 Hz, 1H, CH thiazolidin-4-one), 7.82 (d, ] = 8 Hz, 2H, Ar), 7.97 (d,
J =8 Hz, 2H, Ar), 8.51 (s, 1H, HC=N), 12.07 (s, 1H, NH). "C NMR (100
MHz, DMSO-d,), §, ppm: 10.3 (CH,), 25.4 (CH,), 49.3 (C, thiazolidin-
4-one), 122.7 (CF3), 125.4 (C, Ar), 125.7 (C, Ar), 128.2 (C, Ar), 130.0
(C, Ar), 130.3 (N=C-8), 138.0 (C=N), 155.0 (C=0).

5-(propan-2-yl)-2-[2-{[4-(trifluoromethyl)phenyl]
methylidene}hydrazin-1-ylide ne|-1,3-thiazolidin-4-one (3e)

White crystals; Yield 65%; m.p.(°C) 203-205; Rf: 0.70 (Toluene
/ ethyl acetate 7:3). IR (KBr, cm™): 2965.62 (NH), 1722.03 (C=0),
1637.52 (C=N).'H NMR (400 MHz, DMSO-d,), 8, ppm: 0.88 (d, / = 6.4
Hz, 3H, CH,), 1.00 (d, ] = 6.8 Hz, 3H, CH,), 2.47-2.50 (m, 1H, CH), 4.32
(d, ] = 4 Hz, 1H, thiazolidin-4-one), 7.82 (d, / = 7.6 Hz, 2H, Ar), 7.80
(d, ] = 8 Hz, 2H, Ar), 8.50 (s, 1H, HC=N), 12.08 (s, 1H, NH). “C NMR
(100 MHz, DMSO-d,), 6, ppm: 16.4 (CH,), 20.5 (CH,), 29.9 (CH), 55.2
(C, thiazolidin-4-one), 122.7 (CF3), 125.7 (C, Ar), 128.2 (C, Ar), 131.0
(N=C-S), 138.2 (C=N), 154.7 (C=0).

3-methyl-5-phenyl-2-[2-{[4-(trifluoromethyl)phenyl]
methylidene}hydrazin-1-ylidene]-1,3-thiazolidin-4-one (3f)

White crystals; Yield 40%; m.p.(°C) 245-248; R:0.62 (Toluene
/ ethyl acetate 7:3). IR (KBr, cm’'): 2943.43 (NH), 1723.06 (C=0),
1637.62 (C=N). 'H NMR (400 MHz, DMSO-d,), 6, ppm: 3.33 (s,
3H, CH,), 5.53 (s, 1H, thiazolidin-4-one) 7.35-7.40 (m, 5H, Ar),
7.82 (d, ] = 7,6 Hz, 2H, Ar), 7.97 (d, /] = 7.6 Hz, 2H, Ar), 8.56 (s,
1H, HC=N). “C NMR (100 MHz, DMSO-dF), 8, ppm: 30.9 (C, CH,),
51.2 (C, thiazolidin-4-one), 122.7 (C, Ar), 125.4 (C, Ar), 125.7 (CF3),
125.7 (C, Ar), 128.2 (C, Ar), 128.4 (C, Ar), 128.9 (C, Ar), 129.8 (C,
Ar), 130.1 (C, Ar), 130.4 (C, Ar), 136.6 (C, Ar), 137.9 (C, Ar), 155.3
(N=C-S), 64.8 (C=N), 174.7 (C=0).
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3,5-dimethyl-2-[2-{[4-(trifluoromethyl)phenyl]methylidene}
hydrazin-1-ylidene]-1,3-thiazolidin-4-one (3g)

White crystals; Yield 42%; m.p.(°C) 114-118; Rf: 0.75 (Toluene
/ ethyl acetate 7:3). IR (KBr, cm): 2939.54 (NH), 1727.77 (C=0),
1641.83 (C=N). '"H NMR (300 MHz, DMSO-4d,), 8, ppm: 1.53 (d, ] = 6.9
Hz, 3H, CH,), 3.19 (s, 3H, CH,), 429 (q, ] = 7.1 Hz, 1H, thiazolidin-4-
one), 7.83 (d, J = 7.8 Hz, 2H, Ar), 7.98 (d, ] = 7.5 Hz, 2H, Ar), 8.60 (s,
1H, HC=N). “C NMR (100 MHz, DMSO-d,), d, ppm: 18.6 (C, CH,),
29.5 (C, CHA). 41.4 (C, thiazolidin-4-one), 125.8 (CF3), 125.7 (C, Ar),
128.3 (C, Ar), 137.9 (C, Ar), 156.2 (C=N), 165.1 (N=C-S), 175.3 (C=0).

3-methyl-2-[2-{[4-(trifluoromethyl) phenyl]methylidene}
hydrazin-1-ylidene]-1,3-thiazolidin-4-one (3h)

White crystals; Yield 45%; m.p.(°C) 156-158; Rf: 0.70 (Toluene /
ethyl acetate 7:3). IR (KBr, cm™): 2941.46 (NH), 1710.55 (C=0), 1644.05
(C=N). 'H NMR (300 MHz, DMSO-d), 8, ppm: 3.18 (s, 3H, CH,), 3.99
(s, 2H, thiazolidin-4-one), 7.84 (d, / = 8.1 Hz, 2H, Ar), 7.99(d, /] = 7,5
Hz, 2H, Ar), 8.61 (s, 1H, HC=N). "C NMR (100 MHz, DMSO-d,), 8,
ppm: 29.4 (CH,), 32.2 (CH,), 38.7 (C, thiazolidin-4-one), 125.7 (CF,),
125.8 (C, Ar), 128.3 (C, Ar), 138.0 (C, Ar), 156.2 (N=C-S), 166.5 (C=N),
172.3 (C=0).

5-ethyl-3-methyl-2-[2-{[4-(trifluoromethyl)phenyl]
methylidene}hydrazin-1-ylidene]-1,3-thiazolidin-4-one (3i)

White crystals; Yield 70%; m.p.(°C) 95.6- 98.9; Rf: 0.62 (Toluene
/ ethyl acetate 7:3). IR (KBr, cm™): 2965.93 (NH), 1714.07 (C=0),
1641.98 (C=N). 'H NMR (400 MHz, DMSO-4,), &, ppm: 0.83 (t, ]
=7.4 Hz, 1H, CH,), 0.96 (1, ] = 7.2 Hz, 1H, CH,), 1.03-1.09 (m, 1H,
CH,), 1.44-1.62 (m, 1H, CHZ), 1.77-2.07 (m, 1H, CHZ), 3.19 (s, 3H,
CH,), 4.31 (q, ] = 4,1 Hz,1H thiazolidin-4-one), 7.84 (d, /] = 8.4 Hz,
2H, Ar),7.99(d, = 8 Hz, 2H, Ar), 8.61 (s, 1H, HC=N). "C NMR (100
MHz, DMSO-d,), 8, ppm: 10.4 (CH,), 25.6 (CH,), 30.9 (CH,), 49.4 (C,
thiazolidin-4-one), 125.4 (CF)), 125.8 (C, Ar), 127.7 (C, Ar), 128.3 (C,
Ar), 137.9 (C, Ar), 139.8 (C, Ar), 156.4 (N=C-S), 165.1 (C=N), 178.0
(C=0).

3-methyl-5-(propan-2-yl)-2-[2-{[4-(trifluoromethyl)phenyl]
methylidene}hydrazin-1-ylidene]-1,3-thiazolidin-4-one (3j)

White crystals; Yield 50%; m.p.(°C) 97.8-101; Rf: 0.72 (Toluene /
ethyl acetate 7:3). IR (KBr, cm'): 2965.62 (NH), 1722.03 (C=0), 1637.52
(C=N). 'H NMR (400 MHz, DMSO-d,), &, ppm: 0.91 (d, ] = 6.4 Hz, 3H,
CH,), 1.07 (d, ] = 6.8 Hz, 3H, CH,), 2.47-2.52 (m, 1H, CH), 447 (d, ] =
4.4 Hz, 1H, thiazolidin-4-one), 7.89 (d, /] = 8.4 Hz, 2H, Ar), 8.06 (d, / =
8.4 Hz, 2H, Ar), 8.68 (s, 1H, HC=N). "C NMR (100 MHz, DMSO-d,),
&, ppm: 20.2 (CH,), 29.3 (CH), 30.9 (CH,), 54.0 (C, thiazolidin-4-one),
125.5 (CF,), 125.8 (C, Ar), 128.3 (C, Ar), 130.5 (C, Ar), 1388.3 (C, Ar),
164.9 (N=C-S), 173.8 (C=N), 177.9 (C=0).

Biological activity

Cytotoxicity in mouse L-929 fibroblasts: The active compounds
were tested in vitro for determination of cytotoxic over L-929 cells using
the alamarBlue™ dye. Were used the same number of cells, time of the
cell development and time of compound exposure used for the beta-
galactosidase assay. The cells were exposed to compounds (dissolved
in DMSO) at increasing concentrations (2.5 pg/mL until 160 pg/mL),
starting at an IC_| value of the T. cruzi. The compounds were tested
in quadruplicate. After 96 h of exposure, alamarBlue” was added and
the absorbance at 570 and 600 nm was measured 6 h later. The cell
viability was expressed as the percentage of difference in the reduction
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between treated and untreated cells CC_ values were calculated by
linear interpolation and the selectivity index (SI) was determined based
on the ratio between CC_ and IC_ values. Controls with uninfected
cells, untreated infected cells, infected cells treated with BZD at 3.8 uM
(positive control) or DMSO 1% were used.

Anti-T. cruzi activity (epimastigote): Epimastigotes (Dm28c
strain) grown in LI'T media were counted in a hemocytometer and then
seeded at 10° cells/well into a 96-well plate. Compounds were dissolved
in DMSO and then diluted in LIT médium in a serial dilution (1.23,
3.70, 11.11, 33.33 and 100 pg/mL) and added to respective wells, in
triplicate. The final DMSO concentration in the plate was 1%. Plate was
incubated for 5 days at 26 °C, aliquots of each well were collected, and
the number of viable parasites were counted in a Neubauer chamber
and compared to untreated parasite culture. Inhibitory concentration
for 50% (IC_)) was calculated using nonlinear regression on Prism 4.0
GraphPad software. BZD were used as the reference drug.

Anti-T.  cruzi  activity  (trypomastigotes):  Metacyclic
trypomastigotes were collected from the supernatant of infected LLC-
MK?2 cells and then seeded at 4 x 107 cells/well in RPMI-1640 medium.
All compounds were dissolved in DMSO and then diluted in RPMI-1640
medium in a serial dilution (1.23,3.70, 11.11, 33.33 and 100 pg/mL) and
added to respective wells, in triplicate. The final DMSO concentration
was 1%. Plate was incubated for 24 h at 37 °C and 5% of CO,. Aliquots
of each well were collected, and the number of viable parasites was
counted in a Neubauer chamber. The percentage of inhibition was
calculated in relation to untreated cultures. Cytotoxic concentration for
50% (CC, ) was determined using nonlinear regression with Prism 4.0
GraphPad software. BZD were used as the reference drug

Anti-T. cruzi activity (amastigotes/trypomastigotes): T. cruzi
(Tulahuen strain) expressing the Escherichia coli beta-galactosidase
gene were grown on a monolayer of mouse L-929 fibroblasts.
Cultures assayed for beta-galactosidase activity were grown in RPMI
1640 medium without phenol red plus 10% fetal bovine serum and
glutamine. Ninety-six-well tissue culture microplates were seeded with
L-929 fibroblasts at 4.0 x 10* per well in 80 pL and incubated overnight
at 37 °C, 5% CO,. Beta-galactosidase-expressing trypomastigotes were
then added at 4.0 x 10* per well in 20 pL. After 2 h, the medium with
trypomastigotes that have not penetrated in the cells was discarded
and replaced by 200 pL of fresh medium. After 48 h, the medium was
discarded again and replaced by 180 pL of fresh medium and 20 pL
of test compounds dissolved in DMSO. Each compound was tested
in quadruplicate. After 7 days culture development, chlorophenol red
beta-D-galactopyranoside at 100 pM and Nonidet P-40 at 0.1% were
added to the plates and incubated overnight, at 37 °C. 'The absorbance
was measured at 570 nm in an automated microplate reader. BZD at
its IC_ (1 pg/uL = 3.81 uM) was used as positive control. The results
are expressed as a percentage of parasite growth inhibition. Two
independent experiments were performed.

Statistical analysis: To determine the statistical significance of
each group in the in vitro experiments, the one-way ANOVA test and
the Bonferroni correction for multiple comparisons were used. A P
value < 0.05 was considered significant. The data are representative of
at least two or three experiments run in triplicate.
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