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RESUMO

Os gliomas sao as doencas malignas primarias de ocorréncia mais frequentes no
sistema nervoso central (SNC). A Organizacdo Mundial da Saude (OMS) classificou
os gliomas em quatro estagios. O glioblastoma multiforme (GBM) classificado como
grau IV é o mais prevalente e agressivo. Os glioblastomas apresentaram baixa
sobrevida, que é de 9 a 12 meses, e 0s tratamentos incluem cirurgia, radioterapia
e quimioterapia a base de temozolomida (TMZ). Varios estudos demonstraram que
a proteina Nekl, membro da familia NIMA de serina/treonina cinases, é
superexpresso em glioblastomas. A funcao dessa proteina tem sido relacionada a
danos ao DNA e ao controle da progressao do ciclo celular. Diidropirimidinonas
(DHPMSs), por exemplo, sdo moléculas que se destacaram nas ultimas décadas por
apresentarem bioatividade, com a¢ao antiviral, antiinflamatéria, antibacteriana, anti-
hipertensiva e antitumoral. Diante da dificuldade no tratamento dos glioblastomas,
o objetivo deste trabalho foi a busca de novo(s) inibidor(es) derivado(s) de DHPMs,
tendo como alvo a proteina Nekl, utilizando estratégias in silico e in vitro de
avaliacdo. A partir de ensaios in silico de eficacia e seguranca, oito DHPMs foram
selecionadas e, posteriormente sintetizadas, através da reacdo de Biginelli, e
submetidas a avaliacdo farmacolégica in vitro. Para avaliar a citotoxicidade celular,
fibroblastos normais (MRC5) e linhagens de células tumorais (T98 e U87) foram
analisadas por ensaio de vermelho neutro, sendo expostas a tratamentos com
concentracdes variando de 1 a 1000 pM, em tempos de 24 e 72 horas. Todos 0s
compostos apresentaram efeito citotoxico nas trés linhagens, porém o composto
(1a) apresentou resultado significativo quanto a citotoxicidade, além da alta
seletividade em relacdo a linhagem U87, apds 24h de exposicdo. Além disso,
avaliou-se a inducéo de morte do composto 1a e o resultado sugere que 0 composto
foi capaz de levar células tumorais a morte pelo processo de apoptose e posterior
necrose (morte), diminuindo significativamente as células viaveis. A unido de
técnicas in silico e in vitro permitiu selcionar e avaliar um possivel composto com
acao antitumoral tendo como alvo a proteina Nekl. Entretanto, mais estudos sao

necessarios para confirmar esta agédo antitumoral.



ABSTRACT

Gliomas are the most common primary malignancies of the central nervous system
(CNS). The World Health Organization (WHO) classifies gliomas into four stages.
Glioblastoma multiforme (GBM) classified as grade IV is the most prevalent and
aggressive. Glioblastomas have a low survival, which is 9 to 12 months, and
treatments include surgery, radiotherapy and chemotherapy based on
temozolomide (TMZ). Several studies have shown that Nek1, a member of the NIMA
family of serine/threonine kinases, is overexpressed in glioblastomas. The function
of this protein has been linked to DNA damage and control of cell cycle progression.
Dihydropyrimidinones (DHPMs), for example, are molecules that have stood out in
recent decades for their bioactivity, with antiviral, anti-inflammatory, antibacterial,
antihypertensive and antitumor actions. Given the difficulty in treating glioblastomas,
the aim of this work was to search for new inhibitor(s) derived from DHPMs, targeting
the Nekl protein, using in silico and in vitro evaluation strategies. From in silico
efficacy and safety assays, eight DHPMs were selected and subsequently
synthesized, through the Biginelli reaction, and submitted to in vitro pharmacological
evaluation. To assess cell cytotoxicity, normal fibroblasts (MRC5) and tumor cell
lines (T98 and U87) were analyzed by neutral red assay, being exposed to
treatments with concentrations ranging from 1 to 1000 uM, at times of 24 and 72
hours. All compounds showed a cytotoxic effect in cell lines tested, but the
compound (1a) showed a significant result in terms of cytotoxicity, in addition to the
high selectivity in relation to strain U87, after 24 hours of exposure. Furthermore,
the induction of death of compound la was evaluated and the result suggests that
the compound was able to lead tumor cells to death by the process of apoptosis and
subsequent necrosis, significantly reducing viable cells. The combination of in silico
and in vitro techniques allowed selecting and evaluating a possible compound with
antitumor action targeting the Nekl protein. However, more studies are needed to

confirm this antitumor activity.
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1. INTRODUCAO

1.1 Cancer

O céancer é uma doenca multifatorial e atualmente compreender sua
complexidade € um dos maiores desafios encontrados pela ciéncia. Progressos
significativos vém sendo realizados ao longo do tempo, o que trouxe melhorias no
tratamento do cancer, através de diagnosticos rapidos e precisos, além de terapias
especificas, porém ainda existem muitas limitacbes. As células neoplasicas
resultam, em sua maioria, de processos mutagénicos e isso depende de
intersecdes entre genes e fatores ambientais (Salehi et al., 2018). O crescimento
descontrolado das células tumorais esta associado a diversos mecanismos como
inducdo da angiogénese, evasdo de supressores de crescimento, resisténcia a
morte celular, além da instabilidade genémica, que acelera sua proliferacéo e a

inflamagé&o (Hanahan & Weinberg, 2011).

As opcdes de tratamento para o0 manejo clinico do cancer englobam a
cirurgia, a radioterapia e a quimioterapia (Guntuku et al., 2016). Para erradicar
tumores localizados, a cirurgia e a radioterapia séo eficientes, porém a maioria das
células tumorais espalham-se rapidamente por todo o corpo, sendo assim,
necessario o uso de quimioterapicos, de forma sistémica, que apresentam
limitagBes devido a quantidade insuficiente de agentes terapéuticos eficazes contra
células de cancer (Aftab et al., 2018). Outros vieses encontrados na quimioterapia
sdo a alta citotoxicidade dos quimioterapicos, baixa biodisponibilidade, baixa
solubilidade em meio fisiol6gico, distribuicdo inespecifica e depuracao rapida do
sangue (Qin et al.,, 2017). Neste contexto de tratamento, a resisténcia aos
guimioterapicos continua sendo um grande desafio devido ao desenvolvimento de
inimeros mecanismos potenciais de resisténcia (Doroshow, 2013). Como causa de
mecanismos de resisténcia aos quimioterapicos temos a falha terapéutica
provenientes de alteracdes genéticas e a inducdo por tratamento medicamentoso
(Rebucci & Michiels, 2013). Considerando os desafios desta doenga, a investigacao

sobre o0s mecanismos de resisténcia aos quimioterapicos possibilita o
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descobrimento e desenvolvimento de novas terapias eficazes, visando a diminui¢cao

dos efeitos colaterais e aumento da sobrevida.

O cancer tornou-se um problema de saude mundial, sendo um dos principais
motivos de morte precoce. A mortalidade e a incidéncia estao relacionadas ao
envelhecimento populacional e exposicéo a fatores de risco, como maus habitos e
situacao socioecondmica. Atualmente no Brasil, estima-se que para cada ano do
triénio 2020-2022, serdo diagnosticados em torno de 625 mil novos casos de
cancer, sendo estimados 5.870 casos novos de cancer do sistema nervoso central
em homens e 5.220 em mulheres (INCA, 2020).

1.2 Gliomas

Os gliomas sdo os tumores primarios mais comuns do sistema nervoso
central (SNC), afetando principalmente adultos, representando 78% dos tumores
malignos do SNC. Estes tumores apresentam um prognostico ruim devido a sua
alta capacidade de infiltracdo, resisténcia a radioterapia e a quimioterapia e a
dificuldade de penetracdo de quimioterapicos devido a barreira hematoencefalica
(Vianna et al., 2012). Alguns tipos de gliomas sao irressecaveis cirurgicamente e
apos diagndstico em estagio avancado aumentam o nivel de resisténcia a
guimioterapia, tornando-os um dos tumores de mais dificil tratamento (Guntuku et
al., 2016).

Segundo a Organizacdo Mundial de Saude (OMS) os gliomas séo
classificados através de aspectos histopatoldgicos, como astrocitoma, astrocitoma
anaplasico, oligodendroglioma anaplasico, oligoastrocitoma anaplasico e
ependimomas anaplasicos, ou tumores em graus de malignidade, que vao de | a
IV. Os gliomas de grau I, em populacdo pediatrica geralmente sédo curaveis por
resseccdo. Os de grau Il a IV, sdo altamente infiltrantes, ndo permitindo a
ressecc¢do, sendo considerados incuraveis na sua maioria (Donovan & Lassman,
2019). Os tumores de grau IV sédo conhecidos como glioblastomas multiforme
(GBM) e sdo os mais prevalentes e agressivos (Bush et al., 2017). Sua

agressividade ocorre através de fatores associados a heterogeneidade, alta taxa
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de proliferacao e localizag&o do tumor. Algumas alteragdes genéticas e moleculares
também sdo critérios utilizados na classificacdo dos gliomas, como € o caso de
mutacdes nos genes da isocitrato desidrogenase (IDH) e presenca de co-delecao
dos bracos cromossdmicos 1p e 19p, assim como o status de expressao da enzima
0% metilguanina DNA metiltransferase (MGMT), que sdo utilizados como
marcadores de progndstico (Donovan & Lassman, 2019; Louis et al., 2016).

Radioterapia, resseccdo cirlrgica e quimioterapia sdo 0s tratamentos
usados no combate ao GBM, porém muitas vezes ineficientes (Jhaveri et al., 2018).
Com base nos inumeros quimioterapicos avaliados terapeuticamente, a
temozolomida (TMZ) é o que apresenta os melhores resultados em relacdo a
diminuicdo do tumor e sobrevida dos pacientes (Brandes, 2005). O mecanismo de
acdo da TMZ, um agente alquilante, ocorre por transferéncia de grupos metil ao
DNA. Essa metilagéo pode ocorrer em diferentes locais do DNA, como a posigéo 7
do nitrogénio (N’) da guanina, seguida da posicédo 3 do nitrogénio (N3) da adenina
e na posicdo 6 do oxigénio (Of) da guanina. Embora haja melhora no quadro de
saude do paciente, a taxa média de sobrevida ainda € baixa, cerca de 9 a 12 meses,
e apenas 4,7% dos pacientes conseguem sobreviver acima de 5 anos (Guntuku et
al., 2016; Vianna et al., 2012).

Uma das principais dificuldades encontradas no tratamento do GBM ocorre
devido a resisténcia aos quimioterapicos, pois possuem baixa biodisponibilidade,
reducao da efetividade do farmaco devido a mecanismos de reparo do DNA, baixa
capacidade de atravessar a barreira hematoencefédlica e alta toxicidade para as
células saudaveis (Ramalho et al., 2018). A justificativa pela busca por novos
tratamentos, a fim de encontrar a cura e reduzir os efeitos colaterais € dada pela

complexidade deste cancer (Jhaveri et al., 2018).

1.3 Principais altera¢cdes genéticas dos glioblastomas

Os glioblastomas sé&o o subtipo de gliomas mais comuns e mais agressivos
encontrados em adultos, e identificar as principais alteracdes genéticas tém sido

um grande desafio. Durante muito tempo a classificacdo dos GBMs era apenas
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histol6gica e a partir de 2016, a World Health Organization (WHO) passou a
combinar a classificacdo molecular a histolégica, com o objetivo de melhorar o

diagnéstico e tratamento deste tipo de tumor (Perry & Wesseling, 2016).

Os GBMs surgem por duas vias distintas de progressdo tumoral e
abrangem alteragfes genéticas distintas. A amplificacdo do gene do receptor de
crescimento epidermal (EGFR), a perda do gene supressor tumoral PTEN e a perda
de inibidor de cinase dependente de ciclina 2A (CDKNZ2A) séo caracteristicas dos
tumores primarios. Ja4 os GBMs secundarios apresentam perda da funcédo do fator
de transcricdo p53, resultante de mutacdes do seu gene (TP53) e mutacbes em
IDH1 (Alifieris & Trafalis, 2015; Miller & Perry, 2007).

De acordo com a complexidade dos glioblastomas, o Atlas do Genoma do
Cancer, realizou um mapeamento dos perfis genéticos dos GBMs para identificar a
diferenga das mutacBes entre GMBs primérios e secundarios e através desta
andlise identificou-se as principais vias de sinalizacdo proteica deste tipo de tumor,
destacam-se: a via de ativacdo dos genes receptores tirosina cinase (RTK); a via
da fosfatidilinoitol-3-OH cinase (PI(3)k); e a via p53 e retinoblastoma (Parsons et
al., 2008). Compreender as alteragcbes nessas vias torna-se importante, pois
poderiam ser realizadas abordagens direcionadas aos alvos como sinalizacao

oncogeénica, controle do ciclo celular e inducéo de apoptose (Le Rhun et al., 2019).

A Nekl é uma proteina cuja funcdo estd associada com a resisténcia
tumoral em células de gliomas. Observou-se que esta proteina esta superexpressa
em amostras de diferentes glioblastomas humanos e, diretamente correlacionada
com o grau de agressividade do tumor, além da sua associacdo a resisténcia a
temozolomida e proliferacdo celular (Zhu et al., 2016). A busca por novos
marcadores tem sido uma constante entre estas proteinas e a Nekl é uma das que

tem merecido destaque.
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1.4 Nekl

A Nekl é um importante membro das Never in mitosis A (NIMA), que foi
originalmente encontrada em Aspergillus nidulans (Zhu et al., 2016). Em humanos
existem 11 Neks, conhecidas como Nekl a Nekl1ll e sdo ortélogas a NIMA, pois
apresentam dominio conservado do N- terminal e dominio regulador ndo catalitico
do C- terminal (O'connell et al., 2003). Estas cinases desempenham funcfes
variaveis (Liu et al.,, 2013), tais como: progressdo mitética, condensacao da
cromatina, quebra do envelope nuclear, sinalizacdo de checkpoint do conjunto do
eixo, citocinese e reparo de DNA (figura 1). Em particular, a Nekl participa das
funcdes ciliares, baseadas em microtubulos, no reparo de DNA, além do controle
mitotico, através de regulacéo do ciclo celular sinalizando a parada na fase G1-S e
G2-M (Fry et al., 2012; Meirelles et al., 2014).

NEK1 i NEK2

NEK10 NEK6
NEK11 NEK7
NEK9

G2 G1

NEK1
NEK8
NEK4

NEK3

Figura 1 - Fun¢des das Nek1 dentro do ciclo celular. Adaptado de (Fry et al., 2012).

Em 2016, Zhu et al. demonstraram que a superexpressao de Nekl em
gliomas esta relacionado ao grau de agressividade do tumor e sua inibicdo pode
induzir a apoptose, diminuir proliferacdo celular e resisténcia a temozolomida.
Outros estudos mostrando o papel da Nekl no contexto de reparo de DNA
revelaram a interacdo desta proteina com a Rad54/ATRX e MRE11l, ambas

envolvidas no inicio da resposta as quebras duplas (DSBs- double strand breaks).
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A Nekl atua na fosforilagdo da Rad54 no residuo Ser 572, etapa chave para o
reparo por recombinacdo homadloga (HR) e promoc¢éo da estabilidade da forquilha
de replicacéo (Peres de Oliveira et al., 2020). A Nekl1 também promove ativacdo da
Chkl juntamente com as proteinas ATR-ATRIP, complexo responsavel pela
sinalizacdo eficiente do dano ao DNA, e seu mau funcionamento causa

instabilidade gendmica.

Em células de tumor de prostata, a Nekl foi descrita como sendo regulada
pela TLK1, proteina envolvida ha montagem de cromatina, replicacéo, transcricao,
reparo do DNA e segregacado cromossOmica, que interage com a VDAC1, uma
proteina de membrana mitocondrial, promovendo assim, sua ativacao. Esse estudo
propés que a via TLK1<Nekl<VDAC1 tem importante relacdo em preservar as
mitocondrias, que além do desempenho energético, estdo associadas a
sinalizacao, proliferacdo e apoptose celular, neste tipo de tumor (Singh et al., 2019;
Singh et al., 2020).

A Nekl esta associada a respostas apds a exposi¢ao a radiacdo ionizante
(IR), agentes alquilantes, radiacdo ultravioleta (UV), agentes de reticulacdo e
estresse oxidativo, além da co-localizacao da Nekl como marcadores de danos do
DNA, como a proteina H2AX fosforilada, que estédo envolvidas no reparo de DSBs
(Freund et al., 2020).

Os mecanismos associados a Nekl mostram a importancia de sua
compreensao devido aos inimeros papéis que esta proteina desempenha dentro
das células. Diante desta complexidade, encontrar um inibidor para esta proteina
seria algo muito atraente (Singh et al., 2020). Além disso, a Nekl1 parece ser uma
boa candidata como alvo farmacolégico em funcéo da sua associacao a resisténcia
tumoral (Zhu et al., 2016). Neste sentido, Moraes etal. (2015) avaliaram Inibidores
da atividade enzimatica da proteina Nek1, pensando na estratégia de inibir a via de
sinalizacdo de danos no DNA desencadeada por esta proteina, como
esquematizado na Figura 2. Neste estudo foram avaliados 85 inibidores comerciais
frente a atividade da proteina Nek1, com destaque ao inibidor de JNK 11, que reduziu

a atividade enzimatica da Nek1l em quase 30% a uma concentracéo de 50 uM. Além
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disso, em teste in silico foi confirmada a interacdo deste inibidor com a proteina
Nekl (Moraes, Meirelles et al. 2015).

<« Inibidores

ATR ;! ATR / ATRIP

[l

NGO HUIN

|1

Sobrevivéncia <= Reparo —» Apoptose

Figura 2 - Representacéo da via de sinalizagdo da Nekl através de inibidores. Figura cedida por
Pablo Arantes.

Com base neste estudo e nos grupos funcionais encontrados nos
inibidores comerciais acreditamos na possibilidade de encontrar um inibidor para
Nekl através de compostos heterociclicos de Biginelli, pela diversidade estrutural

e atividades farmacoldgicas ja existentes.

1.5 Abordagens computacionais

A descoberta e o desenvolvimento de um novo farmaco sdo processos
demorados e que apresentam alto custo. Um aspecto importante nesta busca tem
sido a area de bioinformatica, que vem auxiliando no entendimento do papel das
vias bioquimicas e os mecanismos associados ao surgimento de doencas, que
possam ser alvos para farmacos, com o objetivo maior de proporcionar uma
melhora na qualidade de vida dos individuos (Guido et al., 2010). Nesse contexto,

€ preciso levar em consideracdo os efeitos colaterais, assim como a eficacia dos



20

medicamentos, e esses fatores muitas vezes comprometem a introdugéo desse

farmaco ao mercado (Podlewska & Kafel, 2018).

O desempenho na construcdo de um novo farmaco pode ser dividido em
duas grandes fases: a pré-clinica e a clinica. Na fase pré-clinica podem ser
realizadas as pesquisas das estruturas moleculares com potencial bioatividade,
através de triagens reais, como bioldégicas e bioquimicas, ou de triagens
computacionais através, por exemplo, de docking molecular, com produtos
naturais, compostos sintéticos ou cole¢cdes combinatdrias (Guido et al., 2010). As
pesquisas tecnoldgicas para este fim, como a gendmica e a protedmica, também
apresentam informacdes relevantes quanto a novos e atrativos alvos moleculares
e suas funcbes nos processos fisioldgicos. Através das técnicas computacionais,
tem-se 0 manejo de dados e estruturas 3D de alvos moleculares e ligantes,
auxiliando no direcionamento da descoberta de um provavel candidato a farmaco
(Rodrigues et al., 2012).

Por isso, a unido de métodos experimentais e computacionais € de suma
importancia para a descoberta de um alvo molecular com bioatividade. Um dos
métodos computacionais utilizados € a docagem molecular, que prediz a
conformacao bioativa de uma pequena molécula, ligante, no sitio de ligagdo de uma
macromolécula, proteina-alvo, em que é feita uma observacao de como ocorre essa
ligacdo. Essa técnica tem como objetivo selecionar os compostos para teste através
de andlises de interacdo quimica-bioldgica (Guido et al., 2010). Por isso, o uso de
estruturas de proteinas 3D tornou-se uma ferramenta indispensavel na busca por
novos alvos moleculares no combate as patologias humanas, principalmente as
neoplasias. E através destas ferramentas que é possivel identificarem o sitio de

ligacdo entre a proteina (Nekl) e os possiveis inibidores.

1.6 ReacOes Multicomponentes

Os compostos heterociclicos sao importantes por fazerem parte da estrutura
da grande maioria dos farmacos, além de integrarem moléculas biolégicas do corpo

humano, como o DNA e o RNA (Kaur et al.,, 2017). Diante disto, a busca por
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metodologias sintéticas que visem a obtencdo de compostos heterociclicos que
apresentem propriedades terapéuticas tém apresentado grande relevancia na area
da quimica organica e medicinal (Kappe, 2000). As reacdes multicomponentes
(RMCs) tém se destacado como uma das abordagens mais utilizadas na quimica
organica, por apresentarem a possibilidade de diversidade estrutural, eficiéncia e
rapidez na construcdo de bibliotecas combinatérias na busca por novos farmacos
(Russowsky et al., 2004). A abordagem utilizada pelas RMCs €& extremamente
vantajosa do ponto de vista da quimica verde, pois possibilita economia de atomos,
0 que minimiza formacao de residuos, além de apresentar purificacdes de baixo
custo (Cimarelli, 2019). Por estes motivos, as RMCs representam uma quimica
mais limpa e interessante. Dentre as RMCs descritas na literatura, as que
apresentam maior interesse (esquema 1) incluem as reacées de Biginelli, Mannich,

Passerini, Ugi, Strecker, Hantzch entre outras (Nagarajaiah et al., 2016).

Reacdes Multicomponentes Autores Referéncias
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N 2014)
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Esquema 1 - Exemplos de algumas reagfes multicomponentes.

Dentre as classes de heterociclicos obtidos através das reacdes
multicomponentes tém-se destaque as moléculas conhecidas como
dihidropirimidinonas, que sdo construidas através da reacdo multicomponente de
Biginelli e se destacam pela facilidade sintética, onde trés ou mais substratos

reagem dando um unico produto (Kaur et al., 2017).

1.6.1 Reacéao de Biginelli

Em 1893, Pietro Biginelli demonstrou ser possivel a construcdo de
dihidropirimidinonas (DHPMs) através de uma reacdo sob catélise acida
envolvendo apenas trés reagentes comuns em um Unico recipiente (Nagarajaiah et
al., 2016). Ao longo de décadas esta reagao ficou esquecida e pouco explorada por
quimicos sintéticos até que no final do século 20 passou a ser novamente
investigada e vastamente utilizada para obtencao direta de dihidropirimidinonas.
Diversas variantes e protocolos abordando catalisadores, meios e aspectos
mecanisticos (Patil et al., 2019) vém sendo demonstrados na literatura, sendo esta,
com certeza, uma das reacfes multicomponentes mais robustas ja conhecidas
(Ould M’hamed et al., 2016).
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A reacgdo de Biginelli classica é composta por um aldeido, uma ureia e um
composto 1,3- dicarbonilico (esquema 2). Diante disso, a reacdo de Biginelli
apresenta uma grande eficiéncia na sintese de DHPMs, além da vasta diversidade
estrutural alcancada pela prépria natureza multicomponente desta reacéao,
tornando esta metodologia extremamente interessante e (til sinteticamente (Ould
M’hamed et al., 2016).

Como mencionado anteriormente, o protocolo experimental acessivel da
reacdo multicomponente de Biginelli permite a construcdo de bibliotecas de
compostos que vém sendo investigados quanto as mais variadas atividades

farmacoldgicas, como antitumorais, por exemplo. (Kappe, 2000).

R

RZOZCL 0 X H+ R202C NH
5 S G

RS0 RJ\H HoNT SNH, A Ve NAX
H

X=0, S, NH

Esquema 2 - Reacdo multicomponente de Biginelli - Verséo classica (Kappe, 2000).

Reacdes classicas de Biginelli ndo apresentam bons rendimentos, por isso
faz-se necessario a busca por melhorias e aprimoramentos na metodologia desta
reacdo (Wan & Liu, 2010). Desta forma, inUmeras sao as abordagens utilizadas na
sintese de DHPMs com o objetivo de melhorar a eficiéncia desta reacao, como a
utilizacdo de diferentes catalisadores, diferentes condicdes do meio reacional,
irradiacdo por microondas e irradiacao por ultrassom. Estes estudos relatam uma
boa perspectiva na utilizacdo de diferentes catalisadores como acidos de Lewis,
halogénios, biocatalisadores, polimeros, sais de metais, liquidos ibnicos, entre
outros (Patil et al., 2019). Alguns estudos mostraram excelentes catalisadores como
promotores eficientes na reacao de Biginelli, aumentando seus rendimentos e que
em condi¢cbes sem solventes, diminuem o tempo reacional (Sachdeva & Dwivedi,
2012).
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Na maioria dos estudos envolvendo esta metodologia as variagdes em seu
protocolo buscam com frequéncia a maior eficacia bem como a ampliacdo do
escopo reacional de forma a se alcancar o arcabouco estrutural almejado para
determinado planejamento sintético. Com este intuito, algumas variacfes
metodoldgicas surgiram, como a variacdo de Atwal que, em 1987, prop6s
modificagdes que permitiram a obteng&o de novas dihidropirimidinonas (esquema
3) (Pair et al., 2015).

O Rj O Rs
P X’ Ry
Rq H + )\ Base AC|do R | NH
HN N H Solvente R
R2 O )\ 4 R2 ”/gx

Esquema 3 - Versao de Atwal para a reacao de Biginelli. Adaptado de Pair, Levacher et al, 2015).

1.6.1.1 Dihidropirimidinonas e suas atividades farmacoldgicas

As dihidropirimidinonas sdo encontradas em produtos de origem sintética e
natural, se destacando pela ampla variedade de atividades farmacoldgicas:
antivirais, antitumorais, antibacterianas, antifingicas, inibidores de canais de célcio,
entre outras (de Fatima et al., 2015). Como exemplos de sinteses interessantes,
destacam-se a da nifedipina (figura 3), que atua como bloqueadora dos canais de
calcio, do monastrol, como inibidor da proteina motora da cinesina mitética Eg5,
além de seu potencial antitumoral, do Gleevec®, inibidor de tirosina cinase, que
também apresenta atividades antitumorais, além de alcal6ides marinhos naturais,
como batzeladina A e B, inibidores da ligagcdo do HIV gp-120-CD4 (Heravi et al.,
2013; Shumaila & Al-Thulaia, 2019).
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Figura 3 - Estruturas de heterociclicos provenientes de RMC. Adaptado de Shumaila e Al- Thulaia,
20109.

Vale ressaltar que qualquer mudanca estrutural no nacleo destes compostos
resulta diretamente em diferenga de atividade farmacoldgica (Matos et al., 2018).
Um estudo mostrando a relacdo entre atividade farmacolégica e modificacdo
estrutural foi realizado utilizando a DHPM nifedipina, conhecida por sua atividade
hipertensiva, porém seus anélogos ndo obtiveram a mesma atividade (Kappe,
2000).

Dentro do contexto das atividades farmacoldgicas, encontradas nas
dihidropirimidinonas, as antitumorais tém sido uma das mais interessantes. Em
geral, os estudos preliminares séo realizados através da correlacdo de valores de
IC50 para atividades citotoxicas para as células. Um estudo mostrou que DHPMs
apresentaram capacidade de inibir a DNA ligase em células de cancer de figado,
enzima relacionada a processos de replicacdo, reparo e recombinacdo do DNA
(Sashidhara et al., 2016). Outros estudos mostraram a eficiéncia de analogos do
monastrol em células de: cancer de mama, célon, renal, melanoma e ovario (Fatima
et al., 2015). Diante dos inumeros estudos e atividade antitumoral destas

moléculas, as DHPMs tém se tornado um alvo de grande interesse.
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2. OBJETIVOS

2.1 Objetivo Geral

Buscar novos compostos pirimidinicos com potencial inibicdo da proteina
Nekl usando estratégias in silico, sintetizar estes compostos e avaliar a

citotoxicidade dessas moléculas em linhagens de glioblastomas.

2.2  Objetivos Especificos

1. Buscar estruturas moleculares baseadas em inibidores da proteina Nek1
e a partir destas propor novos compostos com estrutura quimica
adequada.

2. Verificar a eficacia destes compostos quimicos como inibidores da
proteina Nekl através de técnicas de docagem molecular.

3. Sintetizar as dihidropirimidinonas com potencial de inibicdo da Nekl,
utilizando-se da reacdo multicomponente de Biginelli.

4. Verificar a eficacia destas moléculas na inducdo de morte em linhagens

celulares de glioblastoma.
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Os resultados obtidos durante o mestrado foram agrupados e serdo apresentados
na forma de um manuscrito intitulado “Prospecting for Nekl inhibitors employing
compounds pyrimidinics: in silico, synthesis and in vitro analysis” a ser submetido a
revista Current Topics in Medicinal Chemistry. Para facilitar a leitura, as figuras
estdo inseridas ao longo do texto.
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ABSTRACT

Gliomas are primary brain tumors responsible for 78% of all malignant tumors in the Central Nervous System
(CNS). Surgery, radiation therapy and temozolomide-based chemotherapy (TMZ) are fundamental treatment
options in clinical management. However, most gliomas are surgically irresistible and, when diagnosed at an
advanced stage, such as glioblastomas, the level of resistance to conventional chemotherapy increases. Nekl
is one of the proteins that has been associated with tumor resistance in glioma cells. Due to its high expression
in gliomas and its relationship with tumor aggressiveness, proliferation and chemotherapy resistance, the Nek1
protein may represent a therapeutic target with high potential in the treatment of glioblastomas. The elucidated
structure of the Nek1 protein complexed to the inhibitor with a structure similar to that of the ATP molecule,
allowed the choice of pyrimidine compounds such as dihydropyrimidinones (DHPM), as possible inhibitors of
this enzyme. These compounds often have demonstrated potential bioactivity. Eight DHPMs were synthesized
by Biginelli's reaction and evaluated for their cytotoxicity in normal fibroblasts (MRC5) and glioma tumor
cells, T98 and U87, respectively. DHPM 1a showed an excellent cytotoxic effect and high selectivity. Based
on this, it was evaluated the type of death induced by exposure to compound and we showed that the DHPM
la was able to lead tumor cells to death by the process of apoptosis and subsequent necrosis, significantly

reducing viable cells.

Keywords: Glioblastoma, Nek1, Dihydropyrimidinones, Molecular docking, antitumoral action, Necrosis
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1. INTRODUCTION

Heterocyclic compounds are part of the structure of some medicinal drugs [1]. Due to its importance,
the search for synthetic methodologies aimed to obtain heterocyclic compounds with therapeutic properties has
shown great relevance in the organic and medicinal chemistry areas [2]. Multicomponent Reactions (RMCs)
have stood out as one of the most used approaches in organic chemistry, presenting advantages such as the
possibility of structural diversity, efficiency and speed in the construction of combinatorial libraries in the
search for new drugs [3]. Additionally, the approach used by RMCs is extremely advantageous from the point
of view of green chemistry once allows atom savings, which minimizes waste formation and enables low-cost
purifications [4]. Dihydropyrimidinones (DHPMs), also known as Biginelli compounds, are a class of
heterocycles compounds that has an especial interest in medicinal chemistry because of their diverse
pharmacological activities [5], including antiviral, antitumor, antibacterial, antifungal, calcium channel
inhibitors and others [6]. Examples of DHPM are nifedipine, which acts as a calcium channel blocker;
monastrol, which acts as an inhibitor of the mitotic kinesin motor protein Eg5; Gleevec®, a tyrosine inhibitor
kinase, which also has antitumor activities; and natural marine alkaloids, such as batzeladine A and B, which
act as inhibitors of HIV binding gp-120-CD4 [7][8].

Understanding the complexity of cancer is one of the biggest challenges of science. The diagnosis of
cancer is made through screening, where imaging exams, biomarkers, biopsies and cancerous markers are
addressed [9]. Treatment options for the clinical management of cancer include surgery, radiation therapy and
chemotherapy [10]. To eradicate localized tumors, surgery and radiotherapy are effective, but most tumor cells
spread quickly throughout the body, so it is necessary to use chemotherapeutic agents, in a systemic way, which
have limitations due to the insufficient amount of agents effective therapeutic against cells cancers [11]. Other
biases found in chemotherapy are the high cytotoxicity of chemotherapeutic agents, low bioavailability, low
solubility in physiological medium, non-specific distribution and rapid blood clearance [12]. Specifically,
resistance to chemotherapy remains a major challenge due to the involvement of several potential resistance
mechanisms [13]. Among the tumors, we highlight the gliomas that are the most common primary tumors of
the central nervous system (CNS), affecting mainly adults, representing 78% of malignant CNS tumors.
Gliomas are classified into degrees of malignancy, ranging from | to IV. Grade | gliomas in the pediatric
population are generally curable by resection. Those from grade 1l to IV are highly infiltrating, not allowing
resection, they are incurable [14].Grade IV tumors are known as glioblastomas multiforme (GBM) and are the
most prevalent and aggressive [15]. The average survival of these patients is still low, around 9 to 12 months,
and only 4.7% of patients manage to survive above 5 years [10][16]. These tumors have a poor prognosis due
to their high infiltration capacity, resistance to radiotherapy and chemotherapy and the difficulty of penetration
of chemotherapeutic agents due to the blood-brain barrier [16]. One of the main difficulties found in the
treatment of GBM occurs due to resistance to chemotherapy, since they have low bioavailability, reduced drug
efficacy due to DNA repair mechanisms, low ability to cross the blood-brain barrier and high toxicity to healthy
cells [17]. Understanding GBM signaling pathways becomes extremely important, as they are directly related
to cell cycle control and apoptosis induction [18]. In addition, to evaluate the relationship of proteins found in

GBMs, such as Nekl in tumor resistance and DNA repair.



31

Never in mitosis A (NIMA)-related kinase 1 (Nek1) was described as a pattern overexpressed in high-
grade glioma tissues and cell lines [19]. Nek1 performs a key role in several cellular functions like cell cycle
progression and many DNA damage response pathways [20][21]. Furthermore, previous work showed that
knockdown of Nekl by siRNA was able to inhibit glioma cell growth and increased susceptibility to
temozolomide (TMZ), the principal chemotherapeutic drug used to treat glioblastoma leading to apoptosis [19].
The study using commercial inhibitors was carried out to inhibit Nek1 and the compound JNK Inhibitor Il
reduced the enzyme activity of Nekl1 by almost 30%. Furthermore, interactions between the compounds and
the ATP binding site on the protein occurred [22]. Considering the possible involvement of Nek1 in the poor
prognosis of glioblastomas, the search for inhibitors of this protein is interesting. Using in silico strategies, this
work identifies DHPM-type compounds that present inhibition of the Nekl protein by molecular docking.
These compounds were synthesized by a multicomponent reaction and the efficacy was confirmed using in

vitro assays to determine the induction of cytotoxicity.

2. MATERIALS AND METHODS

2.1. Molecular modeling

The NEK1 complex was obtained through molecular modeling of missing loops of PDB ID 4APC
model and ligand (ADP) transfer from PDBID 2W5A. The process was performed on Modeller v.9.19 [23].
For each model was build 1000 models and selected the one with the best stereochemical quality with DOPE
assessment method evaluation. The quality of the model was checked with Procheck [24], Verify 3D [25] and
MolProbity [26] softwares.

2.2. Ligand library

Thirty dihydropyrimidinones (guanidines, semicarbazides and indolic) derivates were designed
through PyMOL [27] and were parameterized employing Automated Topology Builder server [28]. The
DataWarrior webserver [29] based on DrugBank [30] was employed in order to generate molecular conformers,

totalizing 2026 distinct conformers.

2.3. Molecular docking protocol and validation

Molecular docking experiments were carried out using AutoDock Vina [31]. AutoDock Vina employs
a gradient-based conformational search approach and defines the search space by a grid box defined by the box
center coordinates and its dimensions of x, y and z in grid resolution internally assigned to 1 angstroms [31].
We set the number of binding modes to 1000 and exhaustiveness set to 200 in order to control how many times
the calculations are repeated. The grid dimensions were 40 x 40 x 40 (X, Y, z) points center on the ADP binding
site -26.22 x 11.13 x 16.78 (X, Y, z). The scoring of the generated docking poses and ranking of the ligands
were based on the Vina empirical scoring function. All rotatable dihedral angles of NEK1 ligands were treated
as flexible. The orientations of NEK1 ligands at the binding sites on PVA were selected from docked

conformations as representative of the lower energy clusters generated by Autodock Vina.
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2.4. ADMETox properties

All the design molecules were submitted to DataWarrior webserver [29] based on DrugBank [30] in
order to establish the best- scored conformers - lower docking energy and none mutagenic, tumorigenic, irritant
and reproductive effect. All those tools, when used together, generate a powerful mechanism, at least helpful,

for selecting new NEKL1 inhibitors as well as the ability to select ligands.

2.5. Chemicals

DMEM (Dulbeco’s Modified Eagle Medium), FBS (fetal bovine serum), newborn calf serum, PBS
(phosphate-buffered saline), trypsin-EDTA, L-glutamine, penicillin/streptomycin and Trypan blue were
obtained from Gibco-BRL (Grand Island, NY, USA). FITC Annexin V/dead cell apoptosis kit was purchased

from Thermo Fisher Scientific (Waltham, Massachusetts, USA). All other reagents were analytical grade.

2.6. DHPMs synthesis, analysis and instruments

Dhydropyrimidinones and derivatives (1a-h) (Fig. 1) were synthesized from the reaction of Bigineli
three components, represented in Scheme 1, using aromatic aldehydes 2 mmol (3a-e) (Fig. 2), ethyl
acetoacetate (2a) or acetylacetone (2b) or 4,4,4- trifluoro-1-phenylbutane-1.3- dione (2c) 2 mmol and urea (4a)
or thiourea (4b) 4 mmol was heated under reflux, in solvent-free conditions, catalyzed by HCI (5 drops), for
2h. After cooling, the reaction mixture was poured onto crushed ice (100 g) and the solid products were filtered,
washed with a mixture of cold water/ethanol (1:1) (2 x 20 mL). The solid products were dried and recrystallized
from hot ethanol to afford pure products. The structures of all conpounds were confirmed by *H NMR and *3C

NMR spectra, as well as by melting point analysis in according to literature data.
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Fig. 1. Heterocyclic compounds synthesized in this work.
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Fig. 2. Aromatic aldehydes (3a-e) used in the synthesis of the heterocyclic compounds.

The nomenclature of the synthesized compounds was given based on the Chem program Draw
Professional 17.1 (ChemOffice 2018). Melting points were determined on a MAXIM-LAB microscopic
melting point apparatus and were uncorrected. Thin-layer chromatography (TLC) was carried using on pre-
coated silica gel Macherey-Nagel Xtra SIL G / UV254. The TLC plates were developed in the chamber with
ultraviolet (UV) light and iodine vapor. Proton nuclear magnetic resonance *H NMR and carbon nuclear
magnetic resonance 3C NMR spectra were obtained using Varian VNMRS-300 (75) MHz and Varian 400
(100) MHz spectrometers. Chemical shifts were reported in parts per million (ppm) and are calibrated to
residual solvent peaks: proton (DMSO-ds 2.50 ppm) for *H NMR and carbon (DMSO-ds 39.52 ppm) for 3C
NMR. For *H NMR, coupling constants (J) were reported in Hertz (Hz). Multiplicities were reported using the

following abbreviations: s singlet, d doublet, dd doublet of doublet, t triplet, g quartet, m multiplet.

2.7. Cell culture

The human lung fibroblast cell line (MRC-5) and the Human glioblastoma cells (T98-G) and (U87-
MG) were obtained from the American Type Culture Collection (Manassas, VA, USA). Both cells were
cultivated in DMEM (Gibco) low glucose supplemented with 10% heat-inactivated FBS, 0.2 mg/ml L-
glutamine, 100 1U/ml penicillin and 100 g/ml streptomycin. Cells were maintained in tissue culture flasks at
37°C, in a humidified atmosphere containing 5% CO,, and were harvested by treatment with 0.15% trypsin—
0.08% EDTA in phosphate-buffered saline (PBS) solution. For the treatments, stock solutions of DHPMs were
prepared immediately prior to use using 5% DMSO and water. The DHPMs, dissolved in DMSO, were added

to FBS-free media to achieve the different designed concentrations (1 to 1000 uM) and the cells were treated



34

for 24 h or 72 h under standard conditions. The final concentration of DMSO in the incubation mixture never
exceeds 0.5%.

2.8. Neutral red uptake assay

To the neutral red uptake (NRU) assay, T98, U87 and MRC5 cells were seeded in a 96-well tissue
culture microtiter plate (1.3x10° cells/mL) in complete media and grown for 24 h prior to treatment with
DHPMs before evaluation, according (NTP & NICEATM, 2003), with some modifications. Briefly, after
treatment, cells were washed with 250 pl of PBS before the addition of 250 pl of neutral red dye (25 pg/ml)
dissolved in serum-free media and incubated for 3 h at 37°C in a humidified 5% CO; incubator. Cells were
washed with PBS, and 125 pl of a desorb solution (ethanol: acetic acid: water, 50:1:49) was added followed
by gentle shaking for 30 min for complete dissolution. Absorbance was recorded at 540 nm using a microtiter

plate reader. Cell viability was expressed as a percentage of the control of DMSO.

2.9. Selective-Index
To determine the cytotoxic selectivity of the substances tested, the selectivity index (SI) was
calculated according to the following equation:
Sl= ICggno cancer cells/ | Cgcancer cells
Sl ratios between 3 and 6 refer to moderate selectivity, and ratios higher than six indicate high selectivity,
whereas compounds that do not fulfill either of these criteria are rated as non-selective, according to Ibanez

and collaborators [32].

2.10. Annexin V assay of apoptosis

For Annexin V analysis of cell apoptosis, U87-MG cells were dissociated with trypsin after treatment,
washed and stained with FITC-Annexin V (Biosource, Suzhou, China) for 15 min according to manufactures’
recommendations. The fluorescence was measured using a FACSCalibur flow cytometer (BD, Shanghali,
China) with CellQuest software. A total of 10,000 events were measured per sample and the percentage of

viable, apoptotic and death cells was determined.

2.11. Statistics

All experiments were independently repeated at least three times. Results are expressed as mean +
standard error mean (SEM). Data were analyzed. The statistics performed were analysis of variance followed
by One-way Dunnett’s Multiple Comparison Test using Prism Statistical Software from GraphPad (GraphPad

Software, San Diego, CA, USA). P value < 0.05 was assumed as statistically significant.
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3. RESULTS AND DISCUSSION

3.1. 3D structure of the Nek1 protein

Although Nekl has two structures deposited in the Protein Data Bank (PDB ID 4APC and PDB ID
4B9D), it was necessary to carry out the construction of a model by comparative modeling. The Nekl structures
available in the database presented problems, probably due to the resolution of the crystal, where parts of the
sequence were not elucidated. These gaps in the structure were solved with the construction of a new model.
The protein was modeled using the structure found under the PDB 1D 4B9D. The MODELLER9v17 software
was used, using as input an alignment of the two amino acid sequences carried out by the Clustal Omega [33]
software. The sequences were: Complete Nekl to be modeled, the crystal sequence of PDB ID 4B9D. The
routine used in the production of the models was model and 1000 models were built. Thus, among these
structures built, the selected model was the one that had the best score in the evaluation of stereochemistry
(analyzed with the PDBsum server and the PROCHECK [24] program.

Psi (degrees)

MolProbity:
97.5 % (275/282) in favored regions;

100.0% (282/282) in allowed regions.

Fig. 3. Ramachandran plot for the new Nek1 model. In blue, the complete structure of Nek1 built in the present
study.

The quality of the NEK1 model was checked with Procheck, Verify 3D and MolProbity. MolProbity
revealed through Ramachandran plot that 97.5% (275/282) of all residues were in favored (98%) regions and
100.0 % (282/282) of all residues were in allowed (> 99.8%) regions. The results of the Ramachandran plot
(Fig. 3), and analysis of the dihedral angles ¢ and v for the protein amino acids, showed that the model presents
acceptable results. There is a high number of residues in favorable regions in the model. Waste in unfavorable

regions also has an extremely low value in the model obtained, confirming a robust model. With these results
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it is possible to infer that the model obtained has a good resolution compared to the Nek1 crystal. Allowing us
to obtain the complete three-dimensional structure of Nek1, which was used in the following steps of the work,

for molecular docking calculations.

3.2. Molecular Docking of New Pyrimidine Inhibitors

With the complete structure of NekZ, it was possible to carry out molecular docking studies of new
pyrimidine inhibitors. First, virtual screening was performed to filter the molecules with possible therapeutic
potential. The study of molecular docking involving these compounds, together with the evaluation of the
ADME-Tox properties (Absorption, Distribution, Metabolism, Excretion and Toxicity), select the 8
compounds that were used in the following steps of the work, as they showed interaction with the protein Nek1.

By structurally analyzing these potential compounds, complexed with NekZ, it is possible to infer that
when compared to the ADP co-crystallized ligand (Fig. 4A), all compounds interact in the same protein scaffold
(Fig. 4B-1). Like ADP, the selected molecules interact directly with the Mg*? co-factor, essential for the activity
of the enzyme. The interaction energy of the selected compounds also showed values close to those of ADP (
-8 kcal/mol). This structural analysis of the complexes reinforces the possible therapeutic potential of these

molecules in the inhibition of Nek1 and thus its importance in studies in vitro, presented in the next steps of

the study.

Fig. 4. Three-dimensional representation of the Nekl protein complexed to ADP (A), compound la (B),
compound 1b (C), compound 1c (D), compound 1d (E), compound 1e (F), compound 1f (G), compound 1g
(H) and compound 1h (1). The ADP molecule is co-crystallized with the protein. In the cartoon representation

(green) we have the protein and in yellow the Mg*? co-factor.
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Analyzes of the ADME-Tox properties of crossing the blood-brain barrier, LogPLipophilicity,
solubility, metabolism by P-glycoprotein concomitantly with the analysis of the interaction energy of the
calculations of the molecular docking calculations allowed the discovery of potential molecules with inhibitory
activity in the Nekl protein. The profile of each molecule is shown in Table 1. From all these parameters, it
was observed that the 8 compounds source similar binding energy. Compounds 1, 6 and 7 do not have the
ability to cross the blood brain barrier. Compounds 4 and 7 have moderate solubility, the others were all soluble.
All compounds show LogP <5, that is directly related to the absorption of the compound in the body.
Compounds 4 and 7 show themselves able to metabolize PgP. These physico-chemical parameters are essential,

as they present the bioavailability that the drug has.

Compounds Dock energy Log P BB ESOL PgP

(Kcal/mol) (S= Soluble;

MS=
Moderately
soluble

la -7.9 <3,0 No S No
1b -7.5 <2,5 Yes S No
1c -1.2 <2,0 Yes S No
1d -9.4 <25 Yes MS Yes
le -7.3 <2,5 Yes S No
1f -8.0 <2,0 No S No
19 -8.4 <2,5 No MS Yes
1h -8.4 <2,5 Yes S No

Table 1. ADME-Tox properties from ligands.

3.3. Characteristics of synthesized molecules

The synthesized DHPMs are shown in Fig. 1. It is important to note that after recrystallization the
products were obtained in yields of up to 65%. The aromatic aldehyde-carrying substituents electron donors or
electron receptors reacted expected compounds in satisfactory purity and yields. Reactions containing a
fluorinated dicarbonyl compound form precursors to DHPMs, called intermediates (tetrahydropyrimidinones),
which make the dehydration stage impossible in situ. Moreover, the presence of an additional OH in the
structure had a different polarity in relation to the other compounds and we found it interesting to explore this
property. DHPMs are stable at room temperature, light and air.

Their spectroscopic analyzes were in accordance with the structures already found in the literature and

are described below.
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Ethyl 4-(2-chlorophenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1a). mp 167-
168°C (An et al., 2014). 'H NMR (400 MHz, DMSO- ds) 5 1.00 (t, J = 7.1 Hz, 3H, OCH,CHs), 2.32 (s, 3H,
CHs), 3.92 (q, J = 7.1 Hz, 2H, OCH>CHs3), 5.64 (d, J = 3.2 Hz, 1H, CH), 7.43 — 7.28 (m, 4H, arom.), 9.60 (s,
1H, NH), 10.36 (s, 1H), NH). *C NMR (100 MHz, DMSO-ds)  13.95, 17.10, 51.68, 59.58, 99.80, 127.91,
129.44, 129.60, 131.87, 140.67, 145.71, 164.86, 169.47, 173.90.

Ethyl 4-(2-chlorophenyl)-6-methyl-2-oxo0-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1b). mp 214-
215°C (Kumarasamy et al., 2017). *H NMR (400 MHz, DMSO- ds) 6 0.96 (t, J = 7.1 Hz, 3H, OCH,CHj3), 2.27
(s, 3H, CHa), 3.86 (q, J = 7.0 Hz, 2H, OCH,CHs), 5.61 (d, J = 2.4 Hz, 1H, CH),7.22 - 7.39 (m, 3H, arom.),
7.38 (d, J=5.6 Hz, 1H), 7.68 (s, 1H), NH), 9.24 (s, 1H), NH). 3C NMR (100 MHz, DMSO-dg) §13.98, 17.73,
51.56, 59.18, 97.98, 127.82, 128.85, 129.17, 129.44, 131.76, 141.76, 149.37, 151.44, 165.05.

5-acetyl-4-(2-chlorophenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one (1c). mp 240-244°C (Shamim et
al., 2018). *H NMR (400 MHz, DMSO- dg) & 2.03 (s, 3H, CH3), 2.31 (s, 3H, CH3), 5.64 (d, J = 3.3 Hz, 1H,
CH), 7.22 — 7.30 (m, 3H, arom.), 7.41 (dd, J = 6.9, 2.1 Hz, 1H, CH), 7.71 (s, 1H, NH), 9.25 (s, 1H, NH). 3C
NMR (100 MHz, DMSO-ds) 6 18.96, 30.21, 51.57, 108.52, 127.95, 128.55, 129.40, 129.70, 131.88, 140.85,
148.92, 151.62, 194.07.

5-benzoyl-4-hydroxy-6-phenyl-4-(trifluoromethyl) tetrahydropyrimidin-2(1H)-one (1d). mp 165- 170°C
(Saloutin et al., 2000). *H NMR (400 MHz, DMSO- de) 5 4.40 (d, J = 11.2 Hz, 1H, CH), 4.98 (d, J = 11.1 Hz,
1H, CH), 7.07 — 7.48 (m, 10H, arom.), 7.66 (d, J =5.9 Hz, 1H), 7.75 (s, 1H, NH).*C NMR (101 MHz, DMSO-
de) 6 48.10, 54.70, 81.32, 127.74, 128.10, 128.16, 128.29, 128.49, 129.08, 133.25, 137.30, 138.37, 153.88,
195.79.

Ethyl 4-(4-chlorophenyl)-6-methyl-2-oxo0-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1e). mp 206-
210°C (Kumarasamy et al., 2017). *H NMR (400 MHz, DMSO- dg) 6 1.07 (t, J = 7.1 Hz, 3H, OCH,CHj3), 2.23
(s, 3H, CHgs), 3.96 (g, J = 7.0 Hz, 2H, OCH,CHj3), 5.13 (d, J = 3.2 Hz, 1H, CH), 5.73 (s, 1H), 7.23 (d, J = 8.6
Hz, 1H, arom.), 7.37 (d, J = 8.6 Hz, 1H, arom.), 7.74 (s, 1H), NH), 9.22 (s, 1H), NH). *C NMR (100 MHz,
DMSO-dg) 4 14.09, 17.83, 53.46, 59.29, 98.87, 128.21, 128.41, 131.82, 143.81, 148.74. 151.97, 165.23.

Ethyl 4-(4-methoxyphenyl)-6-methyl-2-0xo0-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1f). mp 199-
200°C (Kumarasamy et al., 2017). *H NMR (400 MHz, DMSO- ds) 6 1.07 (t, J = 7.1 Hz, 3H, OCH:CHj3), 2.21
(s, 3H, CHs), 3.95 (g, J = 7.0 Hz, 2H, OCH,CHj3), 5.06 (s, 1H, CH), 6.85 (d, J = 8.7 Hz, 2H, arom.), 7.12 (d, J
= 8.7 Hz, 2H, arom.), 7.64 (s, 1H, NH), 9.13 (s, 1H, NH). 3C NMR (100 MHz, DMSO-de) 5 14.51, 18.02,
53.73, 55.45, 59.61, 99.95, 114.12, 127.84, 137.46, 148.42, 152.63, 158.87, 165.82.

5-benzoyl-4-hydroxy-6-(4-methoxyphenyl)-4-(trifluoromethyl) tetrahydropyrimidin-2(1H)-one (1g). mp
180-185°C (Adigun et al., 2020). *H NMR (400 MHz, DMSO- ds) & 3.60 (s, 3H, OCH3), 4.39 (d, J = 11.2 Hz,
1H, CH), 4.93 (d, J = 11.1 Hz, 1H, CH), 6.72 (d, J = 8.8 Hz, 2H), 7.17 (d, J = 9.9 Hz, 2H), 7.40 — 7.28 (m,
4H), 7.50 (t, J = 4.6 Hz, 2H), 7.69 (d, J = 7.3 Hz, 3H, NH). 3C NMR (100 MHz, DMSO-ds) 5 48.08, 54.00,
54.94, 81.28, 113.47, 27.70, 127.78, 128.50, 129.06, 129.48, 130.22, 133.22, 137.34, 153.84, 158.83, 195.88.
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Ethyl 6-methyl-2-oxo-4-(4-(trifluoromethyl) phenyl)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1h).
mp 174- 175°C (Ma et al., 2000).'H NMR (400 MHz, DMSO- dg) 5 1.07 (t, J = 7.1 Hz, 3H, OCH>CH3), 2.25
(s, 3H, CHa), ), 3.99 — 3.94 (m, 2H, OCH>CH?3), 5.22 (s, 1H, CH), 7.44 (d, J = 8.1 Hz, 2H, arom.), 7.69(d, J =
8.3 Hz, 2H, arom.), 7.83 (s, 1H, NH), 9.29 (s, 1H, NH). C NMR (100 MHz, DMSO-dg) & 14.50, 18.32,
54.34, 60.20, 99.43, 125.98, 126.01, 126.05, 126.09, 149.54, 152.73,165.95.

3.4. Biological evaluation

To evaluate the cytotoxic, normal fibroblasts and tumor cell lines were analyzed by NRU assay. The
cells were exposed to treatments with 8 molecules with concentrations ranging from 1 to 1000 pM at 24 and
72 hours of exposure. In order to comparatively assess the cytotoxic effect of these molecules two tumoral cell
lines were used, T98 and U87. These two cell lines have different sensibility profiles in response to
temozolomide: T98 is resistant to the standard chemotherapy and U87 is more sensitive to this drug. To
investigate selectivity MRC5 non-tumor cells were also evaluated.

In the 24 h treatment, compound 1a showed a well-marked cytotoxicity for the tumor cell line U87
from the concentration of 1 pM (Fig. 6C). Cytotoxicity in the T98 cell line occurs from the concentration of
50 UM, whereas in the MRCS5 cell line it is only possible to observe a cytotoxicity in the highest concentrations
tested (250 and 500 puM) (Fig. 6A and B). The ICses of molecule 1a were 43.47 uM, 214.99 uM and 276.60
UM for the U87, T98 and MRC5 cell lines, respectively. After 72 h treatment, it is possible to observe a
significant cytotoxicity from the concentration of 50 uM in the three-cell line tested (Fig. 6D-F), although for
the tumor cell line this cytotoxicity seems to be higher, which is reflected by the ICso values of 160.92 uM,
174.19 uM and 379.74 uM for U87, T98 and MRCS5 cell lines, respectively. Molecule 1b showed significant
cytotoxicity only at the concentration of 500 uM (Fig. 7), except for the U87 cell line after 72 h of treatment,
which the cytotoxicity is significant from the concentration of 100 uM (Fig. 7F). The 1Cso values (calculated
or extrapolated) after 72 h treatment were 237.53 uM, 432.37 uM and 828.11 uM for U87, T98 and MRC5
cell lines, respectively. The same profile was observed for molecule 1c, although no test concentration has
significantly induced cytotoxicity (Fig. 8). Molecules 1a and b have a very similar structure, differing in the S
and O substituents in the X position (between 1a and 1b molecules). There is a difference in ester and ketone
functional groups (between molecules 1b and 1c). The results indicate that the presence of sulfur atom in the
X position probably makes the 1a molecule more cytotoxic, because the sulfur atom increases the
nucleophilicity of the molecule and this compound is an analogue of monastrol, sulfur thus establishes a
fundamental role for biological activity. Among the compounds tested, it was observed that they contained
sulfur or greater reduction in cell viability than those that contained oxygen, while a difference between the

functional groups showed that the ester group is more cytotoxic than the ketone groups.
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Fig. 6. Cytotoxic effects of pyrimidine 1a on MRC5, T98 and U87 cells after 24 h (A, B and C) and 72 h (D,
E and F), respectively, by the Neutral Red Uptake assay. The results are represented as average percentage in
cells treated with the 1a molecule compared to cells treated with DMSO (C DMSO). The experiments were
made in triplicate. Data were expressed in mean = SEM (one-way ANOVA, followed by Dunnett's multiple
comparisons test). * Significant difference comparing each concentration to the control treatment with DMSO
at P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001.
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Fig. 7. Cytotoxic effects of pyrimidine 1b on MRC5, T98 and U87 cells after 24 h (A, B and C) and 72 h (D,
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E and F), respectively, by the Neutral Red Uptake assay. The results are represented as average percentage in
cells treated with the 1b molecule compared to cells treated with DMSO (C DMSO). The experiments were
made in triplicate. Data were expressed in mean = SEM (one-way ANOVA, followed by Dunnett's multiple
comparisons test). * Significant difference comparing each concentration to the control treatment with DMSO
at P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001.
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Fig. 8. Cytotoxic effects of pyrimidine 1c on MRC5, T98 and U87 cells after 24 h (A, B and C) and 72 h (D,
E and F), respectively, by the Neutral Red Uptake assay. The results are represented as average percentage in
cells treated with e 1¢ molecule compared to cells treated with DMSO (C DMSO). The experiments were made
in triplicate. Data were expressed in mean + SEM (one-way ANOVA, followed by Dunnett's multiple
comparisons test). * Significant difference comparing each concentration to the control treatment with DMSO
at P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001.

The cytotoxicity of the 1d molecule, which has an aromatic trifluoromethyl group, after 24h exposure
of treatment showed a well-marked cytotoxicity for the U87 tumor cell line from the concentration of 250 uM
(Fig. 9C). The cytotoxicity in the T98 cell line occurs from a concentration of 500 puM (Fig. 9B), while in the
cell line MRCS5 it is possible to observe a cytotoxicity in concentrations from 250 uM (Fig. 9A). The ICses of
molecule 1d were 448.59 uM,361.20 uM and 996.48 uM for the U87, T98 and MRCS5 cell lines, respectively.
After 72 h of treatment, significant cytotoxicity was observed from the concentration of 50 pM in the U87 cell
line (Fig. 9F), and a cytotoxicity from the concentration of 100 pM was observed for the tumor cell line T98
and the non-tumor cell line MRC5 (Fig. 9D-E). Compound 1g also has the trifluoromethyl aromatic group but

differs from the previous compound by the presence of the methoxyl group in the position of its aldehyde. As
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a result, in the 24h of treatment, this compound is cytotoxic only for the T98 cell line at the highest
concentration (500 uM) (Fig. 12B). In the 72h treatment, it showed cytotoxicity from a concentration of 100
UM for U87 and MRC5 cell lines (Fig. 12D and F). The ICso values (calculated or extrapolated) after 72 h
treatment were 629.97 uM, 2623.77 uM and 835.20 uM for U87, T98 and MRCS5 cell lines, respectively.
Comparing the revealed results of cytotoxicity between compounds 1d and 1g, it was observed that the presence

of the methoxyl group made the molecule less cytotoxic.
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Fig. 9. Cytotoxic effects of pyrimidine 1d on MRC5, T98 and U87 cells after 24 h (A, B and C) and 72 h (D,
E and F), respectively, by the Neutral Red Uptake assay. The results are represented as average percentage in
cells treated with the 1d molecule compared to cells treated with DMSO (C DMSO). The experiments were
made in triplicate. Data were expressed in mean = SEM (one-way ANOVA, followed by Dunnett's multiple
comparisons test). * Significant difference comparing each concentration to the control treatment with DMSO
at P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001.

Compound 1e after 24h of treatment showed cytotoxicity for the MRCS5 cell line only at the highest
concentration of 500 uM (Fig. 10A), however for the tumor cell lines T98 and U87 from the concentration of
250 pM (Fig. 10B-C). The ICses of molecule 1e were 326.30 uM, 484.66 uM and 466.19 uM for the U87, T98
and MRCS5 cell lines, respectively. After 72 h of treatment, the same cytotoxicity behavior was observed for
the T98 line (Fig. 10E). Differently for the U87 line, which showed cytotoxicity from the first tested
concentration of 1uM (Fig. 10F). The ICso values (calculated or extrapolated) of 184.27 uM, 311.42 uM and
2311.31 uM for cell lines U87, T98 and MRCS5, respectively. Compound 1f showed significant cytotoxicity
only at the 500 uM concentration (Fig. 11C and F) for the U87 cell line at both treatment times. The difference
between the substituents of the aromatic aldehyde groups significantly changes the cytotoxicity of the

compounds against the cell lines tested. It was observed that the para-Cl substituent (between molecules 1e
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and 1f) was more cytotoxic than the methoxyl substituent at the same position. The orto (1b) and para (1e)
positions of chlorine do not significantly contribute to tumor cell lines U87 and T98 after 24h of exposure.
However, after 72h of exposure there was an increase in cytotoxicity against the same cell lines. The compound
1e (p-Cl position) had a lower 1Cso when compared to 1b. This difference may be associated with the difference

in polarity that these positions cause in the molecules.
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Fig. 10. Cytotoxic effects of pyrimidine 1e on MRC5, T98 and U87 cells after 24 h (A, B and C) and 72 h (D,
E and F), respectively, by the Neutral Red Uptake assay. The results are represented as average percentage in
cells treated with the 1e molecule compared to cells treated with DMSO (C DMSO). The experiments were
made in triplicate. Data were expressed in mean £ SEM (one-way ANOVA, followed by Dunnett's multiple
comparisons test). * Significant difference comparing each concentration to the control treatment with DMSO
at P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001.
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Fig. 11. Cytotoxic effects of pyrimidine 1f on MRC5, T98 and U87 cells after 24 h (A, B and C) and 72 h (D,
E and F), respectively, by the Neutral Red Uptake assay. The results are represented as average percentage in
cells treated with the 1f molecule compared to cells treated with DMSO (C DMSQ). The experiments were
made in triplicate. Data were expressed in mean = SEM (one-way ANOVA, followed by Dunnett's multiple
comparisons test). * Significant difference comparing each concentration to the control treatment with DMSO
at P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001.
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Fig. 12. Cytotoxic effects of pyrimidine 1g on MRC5, T98 and U87 cells after 24 h (A, B and C) and 72 h (D,
E and F), respectively, by the Neutral Red Uptake assay. The results are represented as average percentage in
cells treated with the 1g molecule compared to cells treated with DMSO (C DMSO). The experiments were
made in triplicate. Data were expressed in mean = SEM (one-way ANOVA, followed by Dunnett's multiple
comparisons test). * Significant difference comparing each concentration to the control treatment with DMSO
at P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001.

In the 24h treatment, compound 1h showed a well-marked cytotoxicity for the cell line MRC5 from
the concentration of 10 uM (Fig. 13A). The cell line U87 the cytotoxicity was only at the highest concentrations
tested (250 and 500 uM) (Fig. 13C). The 1C50s of molecule 1h were 489.65 uM, 1051.11 uM and 249.24 uM
for the U87, T98 and MRCS5 cell lines, respectively. After 72h of treatment all cell lines tested had cytotoxicity
at the highest concentrations. For MRC5 at the highest concentration (500 uM) (Fig. 13D) and for U87 at
concentrations of 250 and 500 uM (Fig. 13F), is more significant for the T98 cell line, which was from the
concentration of 50 uM (Fig. 13E). The 1C50s of molecule 1h at this exposure time were 635.84 UM, 401.67
UM and 507.40 pM for the U87, T98 and MRCS5 cell lines, respectively. The presence of the trifluoromethyl
group at the appropriate R3 position significantly increased the cytotoxicity of the compound against the cell
line MRC5. Comparing the similarity between compounds 1c and 1h, it was observed that the presence of the

fluorine atoms made the molecule more cytotoxic than the chlorine atom.
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Fig. 13. Cytotoxic effects of pyrimidine 1h on MRC5, T98 and U87 cells after 24 h (A, B and C) and 72 h (D,
E and F), respectively, by the Neutral Red Uptake assay. The results are represented as average percentage in
cells treated with the 1h molecule compared to cells treated with DMSO (C DMSO). The experiments were
made in triplicate. Data were expressed in mean = SEM (one-way ANOVA, followed by Dunnett's multiple
comparisons test). * Significant difference comparing each concentration to the control treatment with DMSO
at P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001.

In general, the cytotoxicity profile of the compounds showed different results for the three cell lines
tested, which can be confirmed through thelCso calculated at the 24h and 72nd exposure times. In order to
assess the selectivity index (SI) of compounds for tumor cell lines U87 and T98, evaluated for cytotoxicity in
non-tumor cell line MRC5, where the results were calculated based on the 1Csy between cells. SI proportions
between 3 and 6 refer to moderate selectivity, and proportions greater than six indicate high selectivity and

compounds smaller than 3 do not show selectivity (table 2).

Compound 1a showed high selectivity for the cell line U87 (ratio of 6.37) in the treatment of 24h.
Compound 1b moderate selectivity only at U87 in 24h (ratio of 3.49). Compound 1c moderate selectivity for
U87 at both the treatment times 24h and 72h, respectively (ratio of 4.48 and 5.97). Compounds 1d, 1g and 1h
did not show selectivity. Compound 1e showed high selectivity for cell lines U87 and T98 (ratio of 12.54 and
7.42, respectively), in 72h. Compound 1f showed moderate selectivity (ratio of 3.11) to U87 after 72h. If we

consider the results as a whole, the most promising candidates are 1a and 1le.
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la 1b lc 1d le 1f 1g 1h
MRC524h | 276 ,60 1083,19 8340,0 996,48 466,19 464,09 1086,35 249,24
MRC572h | 379,74 828,11 2669,54 767,19 2311,31 947,79 835,20 507,40
T98 24 h 21499128 508,022  11184,0°7* 361,20>7  484,66°%  695,16%¢7  1165,83%% 1051,11%%
T9872h 174,19218  432,371°1  1681,37%%° | 29505260 31142742  707,17134  2623,77%%2  401,67%2°
u8724h 43.47537 479,142%  1859,46*%¢  448,59222 326,301 329,394l 936,771  489,65%%!
ug7 72 h 160,922%  237,53349  446,89%%7  287,88266  184,2712% 304,323 = 629,971%  635,84080

Table 2. Highlighted the values of the selectivity index calculated in relation to the MRCS5 cell line.

Although the results presented in this work are in their initial phase, it can be observed that the most
active compound in vitro assays was the sulfur analogue (1a), presenting significant cytotoxicity in relation to
tumor cell lines, especially with U87 after 24h of treatment. Considering this, in order to understand the
mechanism of cytotoxicity induced by compound 1a, we evaluated the type of cell death. The cytometry
analysis was conducted using annexin V-PE and 7-AAD, which were used to distinguish viable, apoptotic and
death. The results showed that after 24 h of treatment remarkable decrease was observed in the viable cells
population in the concentration 25 uM compared with the DMSO control cells (Fig. 14), with the conclusion

that compound 1a led U87 cells preferentially to death by necrosis.

Cell U87 - 24h

150+
1 Dead

*rrx rx = Apoptosis
mm Live

- 1a (uM)

Fig. 14. Compound 1a treatment induces apoptosis in U87 cell after 24h. Results are expressed as mean in
treated cells compared to control and DMSO + SD groups. Temozolamide was used as positive control (PC)
(200 uM). Data were analyzed by one-way analysis of variance ANOVA, and means were compared using

Tukey post-test, with P< 0,005 considered as statistically significant.
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4. CONCLUSION

Heterocyclic compounds have been widely studied in the chemical and biological fields. Its wide
pharmacological activity has become a significant source of studies. In view of the difficulty in treating
gliomas, the search for new inhibitor(s) derived from DHPMs, aiming at the Nek1 protein, using computational
tools, brought a new perspective. The use of computational tools to identify newdrug candidates provided
substantial information on molecular recognition in the formation of the receptor-ligand complex.

Although 8 synthesized molecules showed similar results in silico simulations, the in vitro results
showed that the molecules have different cytotoxicity profiles. One of the hypotheses may be associated with
different mechanisms other than the inhibition of Nekl protein, as well as the concentrations and times
evaluated. But interestingly, compound 1a showed cytotoxicity and selectivity for tumor line U87 after 24 h of
treatment, and this cytotoxicity seems to be associated with the presence of sulfur in its structure. Further
studies are needed to understand the cytotoxicity induced by this 1a molecule, including experimental

confirmation of inhibition of the Nek1 protein.
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4. CONSIDERACOES FINAIS

O glioblastoma é uma das doengas mais complexas e seu tratamento muitas
vezes nao € efetivo. Diante disto, esforgcos vém sendo realizados para a descoberta
e desenvolvimento de novos farmacos no combate a este tipo de cancer, onde sua
incidéncia vem aumentando consideravelmente a mortalidade. Aléem da escassez
de farmacos, estes apresentam um alto custo, dificultando a disponibilidade deste
no tratamento aos pacientes. Por outro lado, deve-se considerar que, muitas vezes
0S tumores apresentam resisténcia aos farmacos e efeitos colaterais advindos da
administracdo dessas drogas. Na busca por novos alvos terapéuticos para
glioblastoma, a proteina Nekl parece ser bastante promissora, visto que esta super
expressa nesses tumores. Pesquisadores ja realizaram testes com inibidores
comerciais, mas ha um caminho longo a percorrer, pois os resultados ainda sao
preliminares. O presente estudo teve por objetivo a busca por novos inibidores
derivados de DHPMs, baseando-se nesses inibidores comerciais que ja foram
testados, visando a proteina Nekl, por meio de ferramentas computacionais. Fato
este, devido a dificuldade no tratamento de glioblastomas e a superexpressao desta
proteina neste tipo de cancer, cuja taxa de sobrevida € tdo reduzida. Neste estudo,
utilizamos de ferramentas computacionais para identificar 0s possiveis novos
candidatos a inibidores de Nekl1l. Um novo modelo estrutural 3D da proteina Nekl
foi construido, pois as que estavam depositadas nos bancos de dados
encontravam-se com problemas em sua resolucdo. A partir desta estrutura
completa realizamos o docking molecular juntamente com as moléculas propostas
de dihidropirimidinonas, avaliando assim o possivel perfil terapéutico e as
propriedades ADME-Tox destes compostos frente a proteina.

Um total de oito DHPMs foram sintetizadas através da metodologia de
Biginelli, purificadas e caracterizadas por ponto de fusdo e RMN de C e H. Estas
moléculas se mantiveram em ambiente estavel a temperatura ambiente, luz e ar e
com boa pureza. Visando analisar a atividade citotoxica destes compostos foi
observado que o composto la apresentou uma citotoxicidade maior na linhagem
tumoral U87 apds 24h de tratamento, confirmando-se com os valores calculados

de ICso e seletividade. Com base neste resultado e por ser um composto analogo
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ao monastrol, poderiamos explicar a atividade bioldgica do composto 1a e por esta
diminuicdo da viabilidade celular avaliamos o tipo de morte que 0 mesmo causava
na linhagem U87. Observou-se que o composto induz morte celular e apresenta

potencial como inibidor da proteina Nek1.

Estes resultados ainda precisam ser melhor investigados e confirmados,
pois muitos aspectos precisam ser compreendidos como, entender o mecanismo
de acdo do composto e o microambiente em questdo. Desenvolver um novo
protocolo para a sintese das DHPMs seria interessante, pois seria possivel
melhorar rendimento e propriedades fisicas destas moléculas, como solubilidade,
lipofilicidade. Além disso, a diversidade quimica permite a funcionalizacdo destas
moléculas a fim de melhorar sua atividade biol6gica. Outro aspecto que pode ser
trabalhado é a maneira como esse possivel candidato a inibidor realiza sua entrega

no tumor, o uso de um drug-delivery poderia otimizar os resultados.
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PERSPECTIVAS

S&o perspectivas para a continuidade deste trabalho:

Alteragdes na metodologia a fim de encontrar melhores rendimentos de
reacao.

ModificacBes na estrutura do composto la a fim de melhorar otimizar a
atividade biolégica.

Sintese de novos compostos utilizando tioureia visto que o0s resultados com
a avaliacdo da inibicdo molécula que contém enxofre foi satisfatorio e
avaliacao in vitro.

Avaliacdo do inibidor em células com a proteina Nekl superexpressa.
Avaliacdo da contribuicdo desse inibidor na resposta ao cotratamento de
TMZ e radiacéo.

Desenvolvimento de um drug delivery system para o inibidor.

Investigacao do potencial terapéutico dos inibidores in vivo.
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8. Anexo
Em anexo sdo apresentados como informacao suplementar os spectros
das moléculas sintetizadas utilizadas neste trabalho.
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Spectra 13. *H NMR (400 MHz) of compound 1g
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Spectra 14. **C NMR (100MHz) of compound 1g
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Spectra 15. *H NMR (400 MHz) of compound 1h
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Spectra 16. **C NMR (100MHz) of compound 1h




