PUCRS

FACULDADE DE BIOCIENCIAS
PROGRAMA DE POS-GRADUACAO EM BIOLOGIA CELULAR E MOLECULAR
MESTRADO EM BIOLOGIA CELULAR E MOLECULAR

FERNANDA SOUZA MACCHI

3,4-DIIDROQUINAZOLIN-4-ONAS E 1H-BENZO[d]IMIDAZOIS: PLANEJAMENTO
UTILIZANDO HIBRIDACAO MOLECULAR, SINTESE E ATIVIDADE INIBITORIA
SOBRE O CRESCIMENTO DE Mycobacterium tuberculosis

Porto Alegre
2017

POS-GRADUAGCAO - STRICTO SENSU

Pontificia Universidade Catodlica
do Rio Grande do Sul




FERNANDA SOUZA MACCHI

3,4-DIIDROQUINAZOLIN-4-ONAS E 1H-BENZO[d]IMIDAZOIS:
PLANEJAMENTO UTILIZANDO HIBRIDACAO MOLECULAR, SINTESE E
ATIVIDADE INIBITORIA SOBRE O CRESCIMENTO DE MYCOBACTERIUM
TUBERCULOSIS

Orientador: Prof. Dr. Pablo Machado

Coorientadora: Dra. Kenia Pissinate

Dissertacdo apresentada ao Programa
de Pdés-Graduacdo em Biologia Celular
e Molecular da Faculdade de
Biociéncias como requisito para
obtencdo do titulo de mestre em
Biologia Celular e Molecular.

Porto Alegre

2017



Ficha Catalografica

MI124  Macchi, Fernanda Souza

3,4-Diidroquinazolin-4-onas e 1H-benzo[d]imidazdis planejamento utilizando
hibridagao molecular, sintese e atividade inibitdria sobre o crescimento
de Mycobacterium tuberculosis / Fernanda Souza Macchi . — 2017.

115 £

Dissertacao (Mestrado) — Programa de P6s-Graduagao em Biologia Celular
e Molecular, PUCRS.

Orientador: Prof. Dr. Pablo Machado.
Co-orientadora: Profa. Dra. Kenia Pissinate.

1. Mycobacterium tuberculosis. 2. tuberculose. 3. hibridagao molecular. 4. cepas
resistentes a farmacos. 5. cardiotoxicidade. I. Machado, Pablo. II. Pissinate,
Kenia. ITL. Titulo.

Elaborada pelo Sistema de Geragao Automatica de Ficha Catalografica da PUCRS
com os dados fornecidos pelo(a) autor(a).




FERNANDA SOUZA MACCHI

3,4-DIIDROQUINAZOLIN-4-ONAS E 1H-BENZO[d]IMIDAZOIS:
PLANEJAMENTO UTILIZANDO HIBRIDACAO MOLECULAR, SINTESE E
ATIVIDADE INIBITORIA SOBRE O CRESCIMENTO DE MYCOBACTERIUM
TUBERCULOSIS

Dissertacdo apresentada ao Programa
de Pés-Graduacéo em Biologia Celular
e Molecular da Faculdade de
Biociéncias como requisito para
obtencdo do titulo de mestre em
Biologia Celular e Molecular.

Aprovada em: de de

BANCA EXAMINADORA:

Prof. Dr. Wilson Joao Cunico Filho — UFPel

Prof. Dr. Lucas Pizzuti — UFGD

Prof. Dr. Jarbas Rodrigues de Oliveira - PUCRS

Porto Alegre
2017



Dedico este trabalho aos meus
pais, amigos e ao Lucas.



AGRADECIMENTOS

Aos meus orientadores Professor Pablo Machado e Dra. Kenia Pissinate,
pela ajuda, conhecimento compartilhado e confianca durante estes dois anos.
Obrigada pelos momentos divididos.

Ao Professor Dibgenes Santiago Santos (in memorian) por ter aberto as
portas do seu laboratério, ter me recebido e contribuido com meu crescimento
pessoal e profissional.

Aos colegas do Centro de Pesquisas em Biologia Celular e Molecular, pela
colaboragéo para desenvolver e concluir este trabalho, pelos momentos de
descontracéo e pelas palavras de apoio.

A Ana Paula e & Talita, que sempre se mostraram interessadas, por toda
ajuda, pelo companheirismo, dedicacao e disponibilidade.

A Renata e ao Bruno, pelo afeto, risadas, auxilio, compartilhamento de
experiéncias e pela amizade construida. Esses dois anos nédo teriam sido tudo o
gue foram sem a presenca de voceés.

Aos meus pais, que sempre acreditaram em mim e estiveram presentes
em toda minha caminhada até aqui. Obrigada pelo apoio, amor, suporte e
carinho. Amo vocés e tudo é por/para voceés.

Ao Lucas, companheiro incansavel, compreensivo e presente em todos
0s momentos. Obrigada pelo carinho, pelo suporte, pelo ouvinte atento e 6timo
conselheiro, por me fazer bem, pelo amor.

Ao0s meus amigos, por escutarem minhas angustias e felicidades, por
entenderem a auséncia e estimularem meu crescimento, pelos momentos
divididos e por tantos anos de amizade.

A PUCRS, pelas oportunidades e também & CAPES e BNDES pelo
suporte financeiro.



“Happiness can be found, even in the
darkest of times, if one only remember
to turn on the light.”

Albus Dumbledore (J.K. Rowling)



RESUMO

Usando a abordagem classica de hibridagcdo molecular, séries de 1H-
benzo[d]imidazéis e 3,4-diidroquinazolin-4-onas foram sintetizadas e ensaiadas
como inibidores de crescimento de Mycobacterium tuberculosis. Modificacdes
quimicas e estudos de relacdo estrutura-atividade nos conduziram a potentes
agentes antituberculose com valores submicromolares de concentragao inibitoria
minima. Os compostos sintetizados também foram ativos contra cepas
resistentes a farmacos e demonstraram desprovida citotoxicidade aparente em
células HepG2, HaCat e Vero. Além disso, algumas 3,4-diidroquinazolin-4-onas
apresentaram baixo risco de toxicidade cardiaca, e nenhum sinal de
neurotoxicidade ou alteracdo morfologica em modelo de peixe-zebra (Danio
rerio). Sendo assim, os resultados indicam que essa classe de molécular pode
fornecer condidatos para o desenvolvimento futuro de novos farmacos contra a

tuberculose.

Palavras-chave: Mycobacterium tuberculosis, tuberculose, hibridagéo

molecular, cepas resistentes a farmacos, carditoxicidade.



ABSTRACT

Using the classical hybridization approach series of 1H-benzo[d]imidazoles and
3,4-dihydroquinazolin-4-ones were synthesized and evaluated as inhibitors of
Mycobacterium tuberculosis growth. Chemical modifications and structure-
activity relationship studies yielding potent antitubercular agents with minimum
inhibitory concentration values in submicromolar range. Further, the synthesized
compounds were active against drug-resistant strains and were devoid of
apparent toxicity to HepG2, HaCat, and Vero cells. In addition, some 3,4-
dihydroquinazolin-4-ones showed low risk of cardiac toxicity, no signals of
neurotoxicity or morphological alteration in zebrafish (Danio rerio) models.
Therefore, these data denote that this class of molecules may furnish candidates

for future development of novel anti-TB drug alternatives.

Keywords: Mycobacterium tuberculosis, tuberculosis, molecular hybridization,

drug-resistant strains, cardiotoxicity.
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1. INTRODUCAO

1.1 Tuberculose

A tuberculose (TB) € uma doenca infectocontagiosa, causada
predominantemente pelo Mycobacterium tuberculosis (Mtb), que afeta
principalmente os pulmdes, mas pode causar doenga em outros Orgados do
paciente (PAI et al., 2016). A sua transmissao se da pela difusdo de aerossois
gue contenham o bacilo, que quando inalados sédo fagocitados pelos macréfagos
ou pelas células dendriticas (WORLD HEALTH ORGANIZATION, 2015).

Atualmente a Organizacdo Mundial da Saude (OMS) considera a TB a
principal doenca infectocontagiosa causada por um Unico agente infeccioso,
estando a frente do Virus da Imunodeficiéncia Humana (HIV). No ano de 2015
foram estimados pela OMS 10,4 milhdes de novos casos de TB no mundo, dos
quais 56% foram em homens, 34% em mulheres e 10% em crian¢cas. Em relacéo
a mortalidade foram estimados 1,4 milhdo de mortes no ano de 2015 com um
adicional de 0,4 milhdo de mortes resultantes da coinfeccdo HIV-TB (Figura 1)
(WORLD HEALTH ORGANIZATION, 2016). Apesar dos numeros de mortes por
TB terem diminuido 22% entre os anos 2000 e 2015, a doencga continua sendo
uma das 10 principais causas de mortes do mundo em 2015, com a persisténcia
de lacunas entre diagnéstico e tratamento (WORLD HEALTH ORGANIZATION,
2016).

Tendéncias globais no nimero estimado de casos de TB incidente e o nimero de mortes por TB
{em milhdes) 2000-2015. As dreas sombreadas representam intervalos de incerteza.

Incidéncia de TB Mortes por TB
2

Mortes por TB em pacientes
HIY negativos

Todos os casos de TE

Milhdes
Milhdes

Motificagdes de casos

nevas e remcidentes -’-‘_—/_—\\
05
Mortes por TE em

pacientes HV-positivos

Casos de coinfecgdo HWV-TB

2005 200 2015 2000

Figura 1. Tendéncias globais no numero estimado de casos de TB incidente e o
namero de casos de mortes por TB entre os anos de 2000 - 2015. Adaptado de
WHO, 2016
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O numero de casos de TB continua aumentando e todos 0s paises ao
redor do mundo registram casos da doenca, sendo a Africa a regido com maior
registro de casos e 6bitos (Figura 2) (WORLD HEALTH ORGANIZATION, 2016).
O perfil de ampla distribuicdo da doenca e o sucessivo aumento no niumero de
casos € atribuido as estratégias de tratamento atuais, as quais sao
recomendadas pela OMS, e ao precario sistema de saude, principalmente dos
paises menos favorecidos (KOUL et al., 2011).

Estimativa da taxa de incidéncia de tuberculose, 2015

habitantes por ano / fl/’“ \

0-24,9
| 25-09 ( J
00198 )
B 200-209 ’i/ 2
. =300 =

| Sem dados
N3o se aplica

Figura 2. Estimativa de novos casos de TB (todas as formas) a cada 100.000
habitantes no ano de 2015. Adaptado de WHO, 2016

Em relagdo ao Brasil, a OMS estimou no ano de 2015, 84 mil casos e 5,5
mil mortes por TB. Em relac&o a individuos que convivem com a coinfeccéo HIV-
TB foram estimados 13 mil casos e 2,2 mil mortes no mesmo ano (WORLD
HEALTH ORGANIZATION, 2016). Se tratando do estado do Rio Grande do Sul
(RS), aincidéncia de casos notificados de TB no ano de 2016 foi de 1.422 casos,
sendo 330 destes casos notificados como pacientes HIV positivos (BRASIL,
2017).

1.2 Patogenia e diaghdstico
A tuberculose pulmonar é a forma mais comum da doenca, ainda que o
Mtb consiga infectar outros 6rgaos (FLYNN; CHAN, 2001; KAUFMANN, 2001).



14

Normalmente o sistema imune do paciente € capaz de conter, mas ndo de
erradicar o patdgeno. Dessa maneira, a TB ativa é encontrada em uma pequena
porcentagem de pacientes que possuem sistema imune debilitado e, nos outros
Mmuitos casos, esses pacientes sao assintomaticos e portadores da doenca na
forma néo infecciosa. A TB no estado de laténcia oferece uma maior sobrevida
ao paciente, contudo a reativacdo da infeccdo pode ocorrer em resposta a
perturbacdes do sistema imune do paciente, como ocorre na infec¢cao por HIV,
tratamento com corticosteroides, idade avancada, abuso de drogas ou alcool
(FLYNN; CHAN, 2001). Dessa forma a preocupacdo em relacdo a TB €
aumentada em pacientes portadores do virus HIV, uma vez que esses tém
diminuicdo da atividade do sistema imune, levando entdo a uma maior
manifestacdo da doenca (KOUL et al, 2011; WORLD HEALTH
ORGANIZATION, 2015).

Apébs o Mtb ser internalizado pelo sistema respiratorio do paciente, ele é
fagocitado pelos macréfagos, mas ndo é combatido, células T especificas sao
estimuladas para induzir a formacdo de granulomas (Figura 3), 0s quais séo
definidos como agregados de células do sistema imune juntamente com o Mtb,
que nao sdao eficientes em erradicar a infec¢cdo. Quando a doenca esta na fase
ativa, o bacilo se replica, causando danos, necrose e a formacao de cavitacbes
no tecido pulmonar. Por outro lado, em pacientes que se encontram na fase
latente da doenca ndo ha a replicacao do bacilo e dessa forma, ndo ha sintomas
clinicos (FLYNN; CHAN, 2001; KAUFMANN, 2001).

Células gigantes
multinucleadas
Linfocitos T CD4+

Mycobacterium

< . tuberculosis
Macroéfagos ativados

Linfocitos T CD8+

Tecido necrético

Células epiteliais

Figura 3. Composicdo do granuloma maduro. Adaptado de ZAHRT, 2003.
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O diagnostico do paciente com suspeita de TB € considerado positivo
gquando o mesmo possui 0 exame bacteriolégico confirmado, cultura ou
baciloscopia positivos. Além disso, o diagnostico deve ser baseado em dados
clinico-epidemiolégicos e em resultados de exames complementares (BRASIL,
2012). Os pacientes diagnosticados que estdo infectados com a TB na forma
latente, também denominada dormente, ndo manifestam sintomas, ja que o Mtb
se encontra em estado metabdlico ndo ativo devido a diversos fatores de
estresse das células hospedeiras, como a hipdxia. Em contraponto, se o paciente
apresentar a forma ativa da doenca, sintomas clinicos como tosse, febre,
cansaco e emagrecimento serdo manifestados em até um ano, caracterizando a
forma primaria da doenca (YOUNG; STARK; KIRSCHNER, 2008; KOUL et al.,
2011).

1.3 Tratamento e resisténcia aos farmacos

Atualmente, o tratamento da tuberculose é realizado de acordo com as
recomendacdes da OMS, conhecido como DOTS (do inglés, Directly Observed
Treatment Short Course), que consiste em uma fase inicial de 2 meses com a
administragao de isoniazida (INH), rifampicina (RIF), pirazinamida (PZA) e
etambutol (ETB), seguida por uma fase de 4 meses com a continuagao dos
farmacos INH e RIF (RAMASWAMY; MUSSER, 1998; WORLD HEALTH
ORGANIZATION, 2003; KOUL et al., 2011). E descrito que esse tratamento pode
curar até 95% dos casos de tuberculose (KOUL et al., 2011), além de ser efetivo
contra subpopulactes da bactéria, sendo elas: 1) as bactérias ativas, as quais
sao suscetiveis a INH; 2) bactérias de crescimento acelerado, que sdo atacadas
pela RIF e; 3) os bacilos de baixo estado metabdlico, suscetiveis a PZA. No
entanto, ndo ha nenhum farmaco entre os preconizados para o tratamento que
seja ativo contra os bacilos em estado dormente (CHAN; ISEMAN, 2002;
DOVER; COXON, 2011; RAWAL; BUTANI, 2016). Muito além do tratamento, o
DOTS prevé também outras estratégias de saude contra a TB, sendo elas: o
estabelecimento de individuos treinados para administracdo e supervisdo do
DOTS, laboratorios e individuos treinados para o diagnostico, implementacao de

um sistema confiavel e efetivo de distribuicdo dos medicamentos, compromisso
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governamental e acompanhamento dos resultados (WORLD HEALTH
ORGANIZATION, 2003; YEW,; LEUNG, 2008).

Embora as estratégias propostas pela OMS tenham apresentado
resultados significativos, 0 nimero de casos de cepas resistentes aos farmacos
de primeira escolha continua crescendo, podendo estar relacionado a falha no
tratamento e/ou a falta de adesdo dos pacientes (RAMASWAMY; MUSSER,
1998; ELSTON; THAKER, 2008; MA et al., 2010; WORLD HEALTH
ORGANIZATION, 2015; RAWAL; BUTANI, 2016).

A resisténcia aos farmacos € caracterizada por uma mutacdo genética
gue altera a suscetibilidade dos microrganismos, e no caso do Mtb, a resisténcia
surge com a selecdo de cepas que possuem resisténcia inata a agentes
individuais seguida da exposicdo aos farmacos que o Mtb ndo apresenta
suscetibilidade (DORMAN; CHAISSON, 2007). Alguns mecanismos de
resisténcia aos antimicobacterianos ja sdo conhecidos e as rotas metabdlicas
que o bacilo utiliza para impedir a acao dos farmacos utilizados na clinica tém

sido elucidadas (Tabela 1).

Tabela 1. Mecanismo de resisténcia aos principais farmacos de escolha
(adaptado de HOAGLAND et al., 2016).

Farmaco Mecanismo de acao Mecanismo comum de
resisténcia

Rifampicina InibicAo da sintese de Mutacdo no gene rpoB

DNA. induz uma mudanca

conformacional da RNA
polimerase, diminuindo

a afinidade de ligacao do

farmaco.
Isoniazida Inibicdo da sintese dos Supressdo de KatG
acidos micélicos diminui a ativacdo do

farmaco (pré-droga) e a
mutag&o no promotor da
InhA causa uma
superexpressao da

enzima.
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Pirazinamida N&o é totalmente Mutagdes no gene pncA
resolvido, mas inclui reduz a conversdo a

ruptura de membrana forma ativa.

Etambutol InibicAo da biossintese Mutacdbes no gene
de aracnogalactano. embB no cédon

embB306.
Fluoroquinolonas Inibidores da DNA Mutacgdes no gene rpsL
girase e topoisomerase e rrs conferem
V. modulacdo do sitio de

ligagdo. Mutagbes no
gene gyrA e gyrB
conferem mutagdes nos
sitios de ligacao das
DNA girase A e B.

As cepas resistentes sdo definidas como: (a) resistente aos multiplos
farmacos (MDR-TB), onde o bacilo se torna resistente a, pelo menos, INH e RIF,
principais farmacos de primeira linha; (b) extensivamente resistente aos
farmacos (XDR-TB), quando € observada uma resisténcia a INH e RIF
juntamente com alguma fluoroquinolona e algum dos farmacos anti-TB injetaveis
de segunda linha (KOUL et al., 2011; PALOMINO; MARTIN, 2013; RAWAL;
BUTANI, 2016) €; (c) resistentes a todos os farmacos (TDR-TB), onde a cepa de
Mtb é resistente a todos os farmacos utilizados para o tratamento (VELAYATI et
al., 2009).

Considerando as circunstancias atuais, onde os casos de resisténcias tém
aumentado a cada ano, torna-se necessario o desenvolvimento de novos
farmacos para o tratamento da TB. Dessa forma, busca-se novos tratamentos
de custos reduzidos, desprovido ou com menores efeitos adversos e com maior
efetividade contra as cepas MDR-TB, XDR-TB e TDR-TB (ZAHRT, 2003;
JASSAL,; BISHAI, 2009).
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1.4 Farmacos em desenvolvimento contra a tuberculose

Apds mais de 50 anos sem descobertas de farmacos novos contra a
tuberculose, o que demonstra o quao defasado vem sendo o desenvolvimento
de alternativas terapéuticas contra a doenca, 0 cenario comecou a mudar
(HOAGLAND et al., 2016). Os novos candidatos ao tratamento da doenca tém
sido planejados visando um mecanismo de ag¢ao capaz de atuar sobre cepas
resistentes, apresentando uma rapida acéo bactericida para diminuir o tempo de
tratamento, farmacocinética e farmacodinamica otimizadas para obtencdo de
menor numero de administracdes diarias, um baixo potencial para interacdes
medicamentosas e um bom perfil de seguranga para que possa ser administrado
em gestantes e criancas (HOAGLAND et al., 2016; WALLIS et al., 2016).

Recentemente, alguns farmacos estdo sendo testados em fases clinicas,
dentre eles os principais sdo a bedaquilina e a delamanida, compostos que se
encontram em ensaios clinicos de fase 3. Ambos os farmacos receberam
aprovacédo acelerada baseada em ensaios clinicos de fase 2 e tém sido utilizados
para o tratamento de infec¢cdes causadas por cepas de Mtb resistentes aos
farmacos disponibilizados na clinica (WALLIS et al., 2016).

A bedaquilina foi desenvolvida pela Janssen Pharmaceuticals da Bélgica
(Figura 4a). Orginalmente chamada de TMC207, € uma diarilquinolina de peso
molecular 555,51 Da que teve sua estrutura completamente elucidada em uma
combinacéo de estudos de ressonancia magnética nuclear (RMN), modelagem
molecular e difragéo de raios-X (ANDRIES et al., 2005; GAURRAND et al., 2006;
PETIT et al., 2007; PALOMINO; MARTIN, 2013).

b)

OCF,

Figura 4. Estrutura quimica da bedaquilina (a) da delamanida (b).

O modo de acdo da bedaquilina é a inibicho de maneira especifica e

seletiva da atividade da enzima ATP sintase, tanto no Mtb ativo quanto em cepas
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com fendtipo dormente. Além disso, o farmaco exerce efeito inibitorio contra
cepas MDR-TB (ANDRIES et al, 2005, PALOMINO; MARTIN, 2013;
HOAGLAND et al., 2016). O farmaco € ativo principalmente contra espécies de
Mycobacterium, com uma concentragdo inibitéria minima (CIM) de 0,03-0,12
pg/mL em relacdo a cepa laboratorial H37Rv de Mtb e outras seis cepas
suscetiveis. Valores semelhantes foram encontrados quando foi realizada a CIM
contra cepas resistentes a RIF, INH, ETB, PZA, estreptomicina ou moxifloxacino
(ANDRIES et al., 2005; HUITRIC et al., 2010; PALOMINO; MARTIN, 2013).

Em relacdo ao perfil de seguranca, pacientes tratados com bedaquilina
nos ensaios clinicos apresentaram alguns efeitos adversos tais como: nausea,
artralgia, dores de cabeca, hiperuricemia, vomito, mialgia, aumento das
transaminases e aumento do intervalo QT no Eco cardiograma (CENTERS FOR
DISEASE CONTROL AND PREVENTION, 2013).

A bedaquilina foi aprovada como farmaco que pode ser adicionado ao
regime de tratamento para MDR-TB, desde que alguns critérios e
recomendacdes sejam seguidos: (a) o regime de tratamento que contém quatro
farmacos de segunda linha e PZA néo pode ser seguido; (b) A cepa MDR-TB
apresenta resisténcia a alguma fluoroquinolona adicional; (c) o paciente deve ser
informado do processo de decisdo; (d) deve-se manter o uso cauteloso em
pacientes com HIV, com alguma comorbidade ou abuso de alcool; (e) utilizar por
no maximo 6 meses, em uma dose recomendada de 400 mg por dia nas
primeiras duas semanas e, posteriormente, 200 mg trés vezes ao dia; (f) ndo
adicionar a bedaquilina sozinha ao tratamento; (g) testes e monitoramento do
intervalo QT e arritmias devem ser realizados; (h) deve ser realizado o
monitoramento e manejo das comorbidades; (i) deve-se manter uma
farmacovigilancia ativa; (j) a suscetibilidade a bedaquilina deve ser monitorada
por CIM, assim como a suscetibilidade a outros farmacos (CENTERS FOR
DISEASE CONTROL AND PREVENTION, 2013).

Outro antimicobacteriano promissor € a delamanida, um nitroimidazol de
nome guimico (2R)-2-metil-6-nitro-2-[4-{4-[4-(trifluorometoxi)fenoxi]-1-
piperidinil}fenoxi)metil]-2,3-diidroimidazol[2,1-b][1,3]oxazol (Figura 4b),
primeiramente conhecido como OPC-67683 e fabricado pelo nome de Deltyba™
pela industria Otsuka Pharmaceutical Co., Ldtd (Toquio, Japao) (SZUMOWSK;
LYNCH, 2015).
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O mecanismo de acédo deste farmaco ainda ndo € bem descrito, mas
acredita-se que envolva a inibicdo da sintese de &cidos micdlicos, essenciais
para a formacdo da parede celular do Mtb (MATSUMOTO et al.,, 2006;
PALOMINO; MARTIN, 2013; SZUMOWSK; LYNCH, 2015). Alguns parametros
relacionados com a farmacocinética do composto tém sido descritos, como: (a)
baixa solubilidade aquosa; (b) absor¢cdo aumentada quando administrado com
alimentos; (c) biodisponibilidade desconhecida, mas estimada entre 25% e 47%;
(d) mais do que 99% de ligacdo as proteinas plasmaticas, principalmente
albumina; (e) alto volume de distribuicdo; (f) meia vida de 30-38 horas
(EUROPEAN MEDICINES AGENCY, 2013; SZUMOWSK; LYNCH, 2015).

Ensaios in vitro realizados ndo demonstraram possiveis interagcdes com
os farmacos de primeira linha contra a TB (INH, RIF, etambutol ou
estreptomicina) e poucos dados sdo encontrados em relacdo as possiveis
interacdes com antirretrovirais, contudo é reportada a ndo significancia de efeitos
com tenofovir, lopinavir-ritonavir ou efavirenz (EUROPEAN MEDICINES
AGENCY, 2013; SZUMOWSK; LYNCH, 2015).

Em relacéo a toxicidade, os ensaios clinicos realizados relataram nausea,
vOmito e tontura como sendo os efeitos adversos mais comuns. A andlise do
risco de aumento do prolongamento QT nos pacientes tratados com delamanida
parece estar relacionado com hipoalbuminemia (EUROPEAN MEDICINES
AGENCY, 2013).

As recomendacdes de uso da delamanida para tratar infec¢des causadas
por MDR-TB, segundo a OMS, séo: (a) dose de 100 mg por seis meses; (b)
pacientes que possuem intolerancia ou resisténcia as fluoroquinolonas ou
farmacos injetaveis de segunda linha, bem como paciente com XDR-TB; (c)
exclusdo dos pacientes com prolongamento QT; (d) a delamanida nunca deve
ser administrada sozinha; (e) as recomendacdes descritas incluem HIV positivos;
(f) cuidado extremos em pacientes gravidas, amamentando, criancas ou com
MDR-TB extrapulmonar, visto que h& poucos ou nenhum estudo sobre o efeito
do farmaco nessas populagbes; (g) o uso para pacientes com MDR-TB
extrapulmonar deve ser realizado considerando os estudos para MDR-TB
pulmonar. Além disso, para que 0 paciente seja incluido nas recomendacoes,
ele deve ter mais do que 18 anos e cuidados especiais sao exigidos para
pacientes com mais de 65 anos (WORLD HEALTH ORGANIZATION, 2014).
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Ja foi relatado o primeiro caso de infec¢do por cepa MDR-TB tratada com
a combinacéao de bedaquilina e delamanida. O caso foi documentado no hospital
Delek, em Dharamshala, india. A paciente (mulher, 39 anos, 4 casos prévios de
TB) apresentou aumento no intervalo QT e a administracdo de bedaquilina teve
de ser interrompida. Entretanto, foi observada a conversdo do escarro da
paciente com resultado negativo para o Mtb na baciloscopia (TADOLINI et al.,
2016).

Assim, considerando o surgimento de cepas de Mtb resistentes aos
farmacos disponiveis, o tratamento longo com os farmacos disponibilizados na
clinica que ocasiona baixa adeséo, a incapacidade dos tratamentos existentes
de combater as cepas em estado latente e as interagbes medicamentosas entre
os farmacos de primeira escolha com o tratamento antirretroviral, ha uma
proeminente necessidade de desenvolvimento de farmacos novos, idealmente,

com mecanismos de acdo inovadores.

1.5 Hibridag&o molecular

Hibridacdo molecular (HM) é uma estratégia classica em quimica
medicinal para o desenvolvimento de compostos ativos novos. A premissa é que
a reunido de partes estruturais com funcdo farmacoférica provenientes de
estruturas distintas podem produzir estruturas quimicas novas com atividade
otimizada (VIEGAS-JUNIOR et al., 2007). A juncdo dessas estruturas pode se
basear na juncdo de dois farmacos distintos (HM do tipo farmaco-farmaco) ou
dos grupos farmacofoéricos de farmacos distintos (HM do tipo farmacoforica),
como é exemplificado na Figura 5. Em ambos 0s casos, 0 composto novo obtido
€ chamado de hibrido e se espera que apresente atividade farmacoldgica similar
ou melhorada quando comparado as estruturas que Ihe deram origem (NEPALI
et al., 2014).
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Figura 5. Tipos de hibridacdo molecular. Adaptado de NEPALI et al., 2014.

A realizacao de hibridagcdo molecular visa alcancar alguns dos seguintes
objetivos: (a) sinergismo de acdo farmacologica; (b) terapia de dupla acéo
farmacoldgica ou (c) modulacéo de efeitos indesejaveis.

Por meio desse processo, pode-se obter uma grande biblioteca de
compostos quimicos obtidos por diferentes combina¢des de farmacos ou de
grupamentos farmacoféricos e, dessa forma, pode-se criar estruturas quimicas
otimizadas com efeitos farmacoldgicos pronunciados em menor tempo (VIEGAS-
JUNIOR et al., 2007).

1.6 1H-Benzo[d]imidazdis, 3,4-diidroquinazolin-4-onas, e 2-(quinolin-4-
iloxi)acetamidas

O sulfeto de lansoprazol (LPZS), metabdlito do farmaco lansoprazol (LPZ)
€ apontado como uma estrutura promissora para inibicdo de cepas de Mtbh. As
estruturas quimicas do lansoprazol e de seu metabdlito reduzido contém o anel
heterociclico 1H-benzo[d]imidazol em sua constituicdo (Figura 6). O LPZ é um
farmaco ja aprovado pelo FDA para o tratamento de Ulceras gastrointestinais e
suas complicacdes, que age como inibidor da bomba de prétons reduzindo a
secrecdo do acido gastrico da membrana celular das células parietais do
estbmago. Recentemente, tem sido descrito que o LPZ atua como um pro-
farmaco ativo contra cepas Mtbh em modelos in vitro e in vivo (RYBNIKER et al.,
2015).
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Figura 6. Estrutura quimica do lansoprazol (LPZ) (a) e do sulfeto de lansoprazol
(LPZS) (b).

Rybniker e colaboradores testaram um painel de farmacos, ja aprovados
pelo FDA, contra o Mtb em um modelo de infeccédo intracelular. Nestes ensaios
o LPZ foi o farmaco que mais se destacou. Apds os resultados promissores a
atividade foi verificada em meio liquido, contudo o farmaco ndo demonstrou
atividade, indicando que ele possivelmente agiria como um pro-farmaco ativado
intracelularmente. Posteriormente, analisando o0s metabdlitos intracelulares
utilizando espectrometria de massas foi verificado quantidades elevadas do
metabdlito LPZS (Figura 6). Em ensaios contra a micobactéria intracelular e em
meio liquido o LPZS se mostrou altamente efetivo com ICso de 0,59 uM e ICso de
0,46 uM, respectivamente. A seletividade contra o bacilo foi determinada
utilizando cepas bacterianas Gram positivas e Gram negativas e nao foram
constatadas quaisquer atividades nas maiores concentracdes testadas. Em
estudos utilizando o sequenciamento completo do genoma de cepas resistentes
ao LPZS foi encontrada uma mutagdo em um Unico nucleotideo (leucina — 176
para prolina) na subunidade b do complexo do citocromo bci. Dessa maneira,
nas cepas tratadas com LPZS se observa uma rapida e massiva deplecédo de
ATP e uma razdo ADP/ATP elevada, indicando que este seria realmente o alvo
do composto (RYBNIKER et al., 2015). Observando os resultados descritos no
estudo de Rybniker e seus colaboradores, o composto LPZS pode ser uma
estrutura promissora para estudos de hibridacdo molecular.

Outro composto identificado como promissor contém o nucleo
guinazolindnico. Esses compostos séo heterociclicos com dois anéis geminados,
ou seja, contendo dois atomos de carbono compartilhados por ambos os anéis,
um anel € o benzeno e o outro ciclo contém dois atomos de nitrogénio e um

carbono oxidado na forma de grupamento cetona (Figura 7). Essa classe é
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amplamente encontrada em alcaloides naturais (KSHIRSAGAR, 2015), além de
representar muitas moléculas sintéticas reportadas com propriedades
anticancer, diuréticas, anti-inflamatorias, anticonvulsivantes, anti-hipertensivas e
antimicrobianas (ASIF, 2014; JAFARI et al., 2016).

5 4
NH® 6 A
)2 7 /ZK
N N O
1 8 H
Figura 7. Estruturas quimicas dos principais isémeros quinazolinénicos e sua
numeracao.

O efeito antimicrobiano desses heterociclicos tem sido estudado e a
relacdo da estrutura quimica com atividade biologica delineada (JAFARI et al.,
2016). Jafari e colaboradores realizaram a determinacdo da relacdo estrutura
atividade (REA) para esta classe de antimicrobianos e apresentaram que
substituicdes na posicdo 2 e 3, um atomo de halogénio nas posicbes 6 ou 8 e
um grupamento aminico na posicao 4 aumentam a atividade antimicrobiana da
molécula. Por outro lado, substituicdes na posicao 3 do anel aromatico e um
grupamento metil, amininico ou tiol na posicéo 2 sdo essenciais para a atividade
antimicrobiana (DEVI; SARANGAPANI; SRIRAM, 2012; DAVE et al., 2012; EL-
BADRY; ANTER; EL-SHESHTAWY, 2012; ZAYED; GHORAB et al.,, 2013;
HASSAN, 2014; JAFARI et al., 2016).

As quinazolinonas também vém sendo estudadas como inibidores do
crescimento do Mtb in vitro e da enzima 2-trans-enoil-ACP redutase (InhA) de
Mtb (PEDGAONKAR et al., 2014). Pedgaonkar e colaboradores sintetizaram 28
compostos (Figura 8) e os testaram frente a cepas sensiveis e resistentes de
Mtb. Também foram realizados testes de citotoxicidade, bem como inibicdo e

docagem molecular da enzima InhA.

C&W\RZ
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Figura 8. Estrutura quimica das moléculas sintetizadas por PEDGAONKAR et
al., 2014.

Dentre a biblioteca quimica sintetizada, o composto 21 (onde R1 = cloro;
R2 = fenila e; Rs = metil) foi identificado como o mais promissor da série com
valores de CIM de 4,76 uM e 19,06 uM frente a cepa sensivel de Mtb e XDR-TB,
respectivamente. Este derivado inibiu a atividade enzimética da InhA em 88% na
concentragéo de 10 uM com valor de ICso = 3,12 uM. Favoravelmente, a analise
in silico do perfil de interag&o molecular no sitio ativo mostrou que essa molécula
estabelece duas ligacbes de hidrogénio, sendo uma com a cadeia lateral do
residuo tirosina 158 e a outra com o grupamento hidroxila da ribose do substrato
NAD*. Além disso, frente a linhagem celular RAW 264,7 o composto ndo
apresentou citotoxicidade na concentracdo de 100 uM (PEDGAONKAR et al.,
2014). Dessa forma, os compostos contendo o nucleo 3,4-diidroquinazolin-4-ona
se mostram como uma alternativa na investigacao de novas moléculas ativas
contra o Mtb.

O nosso grupo de pesquisa tem se dedicado ao desenvolvimento de
novos compostos anti-TB utilizando estratégias baseadas em alvos moleculares
e a partir da otimizacdo estrutural de compostos quimicos obtidos em triagens
fenotipicas. Recentemente, utilizando a estrutura GSK358607A (BALLELL et al.,
2013) como ponto de partida para subsequentes derivatizacbes quimicas, foi
obtida uma série de 2-(quinolin-4-iloxi)acetamidas (Figura 9) que, apesar da
baixa solubilidade aquosa, apresentaram CIM na faixa submicromolar (0,8-0,05
pHM). O composto mais promissor obtido foi o composto 5s, com CIM de 0,05 pM.
Nesta estrutura, os grupos 2-metil, 6-metoxi e arilacetamida foram descritos
como grupos farmacoforicos da molécula. Importante destacar que nas mesmas
condi¢cbes experimentais a isoniazida apresentou resultados de CIM de 1,46 uM.
Além disso, o composto foi capaz de inibir cepas resistentes provenientes de
isolados clinicos resistentes a isoniazida e, quando testada em células Vero e
HaCat (20 uM), ndo apresentou citotoxicidade aparente (PISSINATE et al.,
2016). Recentemente, utilizando cepas de Mtb contendo modificacbes no gene
gcrB, tem sido sugerido que alvo molecular das 2-(quinolin-4-iloxi)acetamidas é
0 complexo menaquinol citocromo ¢ oxidoredutase (bci) o qual tem sido descrito

como um componente essencial da cadeia respiratdria bacteriana. Além disso,
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a atividade dos compostos desta classe contra cepa knock-out para o citocromo
bd oxidase tem corroborado com esta possibilidade (PHUMMARIN et al., 2016).

Considerando os dados apresentados, a proposta para O
desenvolvimento de novos compostos nesse trabalho foi a realizacdo da
hibridacdo molecular utilizando substituintes conhecidos provenientes dos
compostos 2-(quinolin-4-iloxi)acetamidas (1) juntamente com os nucleos 1H-
benzo[d]imidazol (2) ou 3,4-diidroquinazolin-4-ona (3) (Figura 9). Foram
realizadas modificacdes estruturais trazendo a funcdo acetamida presente no
composto 5s (PISSINATE et al., 2016). A utilizacdo dessa estratégia de
desenvolvimento de moléculas novas visava obter compostos menos
lipossoluveis, uma vez que os nucleos 3,4-diidroquinazolin-4-ona e 2-tio-1H-
benzo[d]imidazol apresentam menor lipossolubilidade do que o nucleo

quinolinico.
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Figura 9. Hibridagdo molecular utilizando substituintes N-substituidas-o-
bromoacetamidas provenientes dos compostos 2-(quinolin-4-iloxi)acetamidas
com nucleos 1H-benzo[d]imidazéis e 3,4-diidroquinazolin-4-onas.
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2. JUSTIFICATIVA

E notavel a necessidade de desenvolvimento de novas moléculas para o
tratamento da tuberculose, tendo em vista a alta taxa de incidéncia, mortalidade
e a resisténcia aos farmacos de primeira escolha (WORLD HEALTH
ORGANIZATION, 2016). Contudo as induastrias farmacéuticas acabam se
afastando desse campo de estudo devido as condicbes geograficas e
econdmicas dos acometidos pela doenca. Além disso, existe um alto custo ligado
ao desenvolvimento de farmacos novos, o que acaba por influenciar que grupos
de pesquisa presentes em instituicdes de ensino desenvolvam pesquisas nessa
area.

Nosso grupo de pesquisa ja vem trabalhando com o desenvolvimento de
farmacos novos contra a tuberculose, obtendo alguns resultados promissores
com a classe das 2-(quinolin-4-iloxi)acetamidas (PISSINATE et al., 2016;
GIACOBBO et al., 2017). Assim, incorporar o conhecimento ja obtido com
pesquisas anteriores a novos estudos parece ser uma estratégia interessante
para incrementar a procura por moléculas novas candidatas a farmacos contra
a TB. Nesse contexto, aliar os nucleos heterociclicos 3,4-diidroquinazolin-4-ona
e 1H-benzo[d]imidazol a dois grupos farmacoféricos das 2-(quinolin-4-
iloxi)acetamidas podera gerar novos compostos com acao antimicobacteriana

mais pronunciada e propriedades fisico-quimicas otimizadas.
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3. OBJETIVOS

3.1 Objetivo Geral

Desenvolver uma nova série de compostos quimicos hibridos contendo
0s nuacleos 3,4-diidroquinazolin-4-ona e 1H-benzo[d]imidazol, caracterizar
estruturalmente essas novas moléculas e determinar sua capacidade de inibir o

crescimento do Mycobacterium tuberculosis in vitro.

3.2 Objetivos Especificos
a) Sintetizar uma série de moléculas hibridas contendo o nucleo 3,4-

diidroquinazolin-4-ona.

O

>
Onde R! = H, R? = arilas ou alquilas substituidas e R3 = arilas, alquilas,
halogénios ou natftilas.

b) Sintetizar uma série de moléculas hibridas contendo o nudcleo 1H-
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benzo[d]imidazol.

Onde R! = H, R? = arilas ou alquilas substituidas e R® = arilas, alquilas,
halogénios ou natftilas.

c) Caracterizar estruturalmente o0s compostos sintetizados utilizando
técnicas de ressonancia magnética nuclear (RMN) de H e 13C,
espectrometria de massas de alta resolu¢cdo (HRMS) e infravermelho
(FTIR), ponto de fusdo (PF) e pureza, sendo a ultima realizada por
cromatografia liquida de alta eficiéncia (CLAE).

d) Determinar a concentracdo inibitéria minima (CIM) em relacdo a cepa
laboratorial H37Rv de Mycobacterium tuberculosis.

e) Determinar a concentracdo inibitoria minima em relacdo a cepas de
Mycobacterium tuberculosis resistente aos farmacos de primeira linha

e/ou segunda linha.



f)

9)

h)
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Avaliar o efeito citotoxico dos compostos sintetizados em diferentes
linhagens celulares (Vero, HaCat, RAW 293).

Realizar estudos de relacdo estrutura-atividade (REA) dos compostos
sintetizados.

Realizar estudos de citotoxicidade in vivo utilizando modelo animal de
Zebrafish (Danio rerio).

Avaliar a estabilidade dos compostos sintetizados a 25 °C e 37 °C.
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Abstract

Using a classical hybridization approach, a series of 1H-benzo[d]imidazoles and 3,4-
dihydroquinazolin-4-ones were synthesized and evaluated as inhibitors of
Mycobacterium tuberculosis growth. Chemical modification studies yielded potent
antitubercular agents with minimum inhibitory concentration (MIC) values in the
submicromolar range. Further, the synthesized compounds were active against drug-
resistant strains and were devoid of apparent toxicity to HepG2, HaCat, and Vero cells.
Viability in mammalian cell cultures was evaluated using MTT and neutral red assays. In
addition, some 3,4-dihydroquinazolin-4-ones showed low risk of cardiac toxicity, no
signals of neurotoxicity or morphological alteration in zebrafish (Danio rerio) toxicity
models. Taken together, these data indicate that this class of molecules may furnish

candidates for future development of novel anti-TB drugs.

Keywords: Mycobacterium tuberculosis, tuberculosis, molecular hybridization, drug-

resistant strains, SAR, cardiotoxicity.
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1. Introduction

Human tuberculosis (TB) is an infectious disease caused mainly by Mycobacterium
tuberculosis (Mtb), and has been responsible for the deaths of thousands of people
annually [1]. Only in 2015, 9.6 million new cases of the disease and 1.8 million deaths
were reported by the World Health Organization (WHQO) worldwide [2]. The emergence
of multidrug-resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB), HIV
coinfection, and the elevated number of individuals infected with latent or dormant bacilli
have contributed to complicate this scenario [1, 2]. The recommended treatment includes
two months of isoniazid (INH), rifampicin (RIF), ethambutol (ETH) and pyrazinamide
(PZA), followed by four more months of INH and RIF [3, 4]. Although it has a cure rate
of up to 95%, the regime suffers with increasing number of cases of individuals infected
with drug-resistant strains [3]. In these cases, the treatment can to be extended and
requires the use of second-line drugs that are, in general, more expensive and toxic [5].
Furthermore, the low levels of compliance with treatment, adverse effects, toxicity and
impossibility of co-administration with some antiretroviral drugs have limited the use of
this therapeutic strategy [6].

Within this context, there is an urgent need to obtain new therapeutic alternatives for
tuberculosis treatment; if possible, with innovative mechanisms of action capable of
overcoming the drug resistance concern. Although the approval of new drugs such as
bedaquiline and delamanid [7] for treatment of drug-resistant TB has brought some hope,
the adaptive capacity of Mtb has already led to the emergence of resistant strains for these
drugs, evidencing the continued need for new options [8].

As part of our ongoing research we have studied the antimycobacterial activity of 2-

quinolin-4-yloxy)acetamides 1 (Figure 1) and their derivatives, with some encouraging
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in vitro results [9, 10]. The compounds have been active against resistant and non-
resistant Mtb strains and have exhibited selective inhibition of bacillus growth. Recently,
the menaquinol cytochrome c oxidoreductase (bcl complex) was proposed as a molecular
target of this chemical class by using whole-genome sequencing [11], corroborating other
findings already described in the literature [12]. In addition, SAR studies have shown that
acetamide moiety is part of the molecules’ pharmacophore, which is prone to be used in
molecular hybridization-based approaches (Figure 1). In line with this purpose, 1H-
benzo[d]imidazole and 3,4-dihydroquinazolin-4-one were used as molecular scaffolds to
evaluate the possibility of obtaining new anti-TB drug candidates by hybridization
between the titled heterocycles and acetamide group (Figure 1). Indeed, these scaffolds
have been obtained as part of the structure of compounds endowed with selective
antimycobacterial activity. Lansoprazole sulfate (2) (Figure 1), the active metabolite
from the drug lanzoprazole, have presented significant activity against intracellular and
in-broth cultures of Mth with ICsso of 0.59 puM and 0.46 pM, respectively [13].
Interestingly, whole-genome sequencing of resistant strains to LPZS revealed a unique
nucleotide mutation in the b subunit of bci cytochrome [13]. 3,4-Dihydroquinazolin-4-
ones 3 have also been described as in vitro inhibitors of Mtb growth with Minimal
Inhibitory Concentration (MIC) as low as 4.76 uM (Figure 1). These compounds were
described to inhibit the Mycobacterium tuberculosis enoyl acyl carrier protein reductase,
a validated molecular target for TB drug development [14].

Therefore, in an attempt to obtain new compounds with activity against drug-resistant
Mtb strains, new series of hybridized 1H-benzo[d]imidazoles and 3,4-dihydroquinazolin-
4-ones were synthesized and assayed against M. tuberculosis H37Rv. First, the basic
structural requirements for potency of compounds (SAR) were evaluated. Thereafter, the

most active structures against M. tuberculosis H37Rv were tested against a panel of
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clinically isolated drug-resistant strains, and the viability of HepG2, HaCat and Vero cells
after exposure to the compounds was determined. Finally, cardiotoxicity, neurotoxicity
and possible morphological alterations by exposure to the compounds using zebrafish

(Danio rerio) models were also evaluated.
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Figure 1. Molecular hybridization using acetamide moieties from 2-(quinolin-4-
yloxy)acetamides with 1H-benzo[d]imidazole and 3,4-dihydroquinazolin-4-one

scaffolds.

2. Results and Discussion

The synthesis of the designed compounds was performed in two synthetic steps. First,
bromoacetamides 5 and 8 were obtained in an acylation reaction between primary or
secondary amines and bromoacetyl chloride according to already-reported protocols [9,
10]. It is important to mention that the substituents were chosen based on the best
antimycobacterial results presented by the 2-(quinolin-4-yloxy)acetamides, including
published [9, 10] and unpublished data. The second step was accomplished through a

second-order nucleophilic substitution reaction (Sn2). The 1H-benzo[d]imidazoles 6a—m
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were obtained from reaction of 2-mercaptobenzoimidazole (4) and bromoacetamides 5a—
m using potassium carbonate (K>COs) as base, according to a previously described
method [15]. The reactants were stirred for 4 h at 40 °C leading to products with 62—98%
yields (Scheme 1). On the other hand, the synthesis of 3,4-dihydroquinazolin-4-ones 9a—
z was accomplished by reaction of 2-mercaptoquinazolin-4(3H)-one (7) and
bromoacetamides 5 and 8 in the presence of diisopropylethylamine (DIPEA) using
dimethylformamide (DMF) as solvent. The reaction mixtures were stirred for 16 h at 0—
25 °C to afford the desired products 9a—z with 35—-89% yields (Scheme 2). Spectroscopic

and spectrometric data were obtained in agreement with the proposed structures.

R1
DR L
H—SH + N i N
N R? Br —— »
H EA 62-98% N\%S ©
H
4 5a-m 6a-m
Comp. 5,6 R! R? Yield (%)
a 2-MeO-CsHa H 83
b 4-pentyl-CsHa H 96
c 4-heptyl-CsHa H 88
d 2-naphthyl H 88
e m H 92
f cyclohexyl H 96
g 2-methylcyclohexyl H 98
h 3-methylcyclohexyl H 89
i 4-methylcyclohexyl H 78
j trans-4-methylcyclohexyl H 76
k Bn H 73
| E/\O H 65

m Eb H 62

Scheme 1. Reagents and conditions: i = K2COs, CH3CN, 40 °C, 4 h.
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7 5,8 9a-z
Comp. 5,8,9 R! R? Yield (%0)

a Ph H 86

b 4-MeO-CeH4 H 81

c 4-Me-CeHs H 69

d 4-F-CeHs H 68

e 4-Cl-CeHs H 81

f 4-Br-CeHa H 89

g 4-1-CeHa H 86

h 4-02N-CgHg4 H 50

i 4-propyl-CsHa H 75

] 4-pentyl-CsHa H 88

k 2-naphthyl H 81

b
| Oi) H 37
A

n cyclohexyl H 65

0 cyclohexyl Me 52

p 2-methylcyclohexyl H 55

q 3-methylcyclohexyl H 35

r 4-methylcyclohexyl H 45

S trans-4-methylcyclohexyl H 59

t cyclopentyl H 60

u cycloheptyl H 76

v Bn H 41

w LLLA/\O H 46

X ‘ILLKO H 59
y %)\O H 82

z CHa-(CHy)3-CH> 72

Scheme 2. Reagents and conditions: i = DIPEA, DMF, 0-25 °C, 16 h.

The synthesized compounds 6a—m and 9a-z were tested in whole-cell assay against

M. tuberculosis H37Rv, using the first-line drug isoniazid as reference [16, 17]. The 1H-
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benzo[d]imidazoles 6a—m presented only moderate activity against the bacillus under the
tested conditions (Table 1). Considering the data shown, one can conclude that cycloalkyl
substituents exhibited better activity than did aromatic groups. In addition, the extent of
the chain using a carbon with cycloalkyl or aromatic substituents did not lead to higher
activity. The most active compound 6j inhibited the Mtb growth with an MIC of 16.5
M. This compound shows the 4-methyl group in a trans position relative to the amidic
nitrogen attached to the cyclohexane ring. Interestingly, when a mixture of cis and trans
isomers was used the activity of the compound 6i was nearly 2.5-fold less than 1H-
benzo[d]imidazole 6j. This finding demonstrates a possible stereochemical preference for
increasing antimycobacterial activity of this class of compounds. Changing the methyl
group to the 2- or 3-position of the cyclohexane ring in the compounds 6g and 6h did not
maintain the activity, with MIC values >33 pM. It is noteworthy that the lipophilicities
of 1H-benzo[d]imidazoles 6g—j are the same, with CLogP of 3.81, denoting that structural
factors, rather than the physicochemical properties, appear to be linked to the activity of
the molecules. The importance of the 4-methyl group attached to the cyclohexane ring
can be inferred by the result obtained for compounds 6f—h, which were ineffective at the
highest tested concentration (MIC >31.3 uM). Finally, chain extension using a methylene
group in the compounds 6k—m and the presence of aromatic substituents on the molecules
6a—e did not result in better activities when compared to cyclohexyl derivatives (Table

1).

Table 1. ClogP values and in vitro activities of the 1H-benzo[d]imidazoles 6a—m against
M. tuberculosis H37Rv.

a MIC H37Rv
Entry  ClogP (M)
6a 2.73 >31.9
6b 5.86 70.7
6c 3.85 >65.5

6d 4.42 >75.0
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6e 4.81 >29.63
6f 3.29 >31.3
6g 3.81 >33.0
6h 3.81 >33.0
6i 3.81 41.2
6j 3.81 16.5
6k 3.14 >33.6
6l 3.91 82.4
6m 4.22 >31.5
INH - 2.9

ClogP calculated by ChemBioDraw Ultra, version 13.0.0.3015. INH, isoniazid.

In the second round of obtaining new drug candidates to treat tuberculosis, the
antimycobacterial activity of 3,4-dihydroguinazolin-4-ones 9a—z against M. tuberculosis
H37Rv strain was determined (Table 2). Once more, the cycloalkyl substituents
presented the best inhibition activities on bacillus growth, with MICs in the
submicromolar range. Substituents containing aromatic groups, which had produced
highly potent compounds when present in the 2-(quinolin-4-yloxy)acetamides, led to
products with moderate or no activity at the highest concentrations assayed. As expected,
ClogP values of the 3,4-dihydroquinazolin-4-ones 9 were reduced when compared to the
analogs containing the quinoline scaffold. ClogP values were obtained ranging from 1.38
to 4.63 for the synthesized compounds (Table 2). Variation using electron-donating,
electron-withdrawing or alkyl groups attached at the 4-position of the phenyl group in
molecules 9a—j yielded structures with moderate or no activity against Mtb. Increasing
the molecular volume by using a 2-naphthyl group in the 3,4-dihydroquinazolin-4-one 9k
also failed to produce satisfactory results (MIC >27.7 uM). Afterwards, the importance
of the planarity of the naphthyl group was evaluated by the insertion of the
tetrahydronaphthyl groups in the 91 and 9m structures. Whereas the stereoisomer of S
configuration (91) exhibited an MIC >27.4 uM, the R isomer (9m) was able to inhibit the

bacillus growth with an MIC of 17.1 uM. The apparent stereospecificity of the molecules



40

will be rationalized when subsequent studies reveal the molecular target responsible for
the antimycobacterial activity. This moderate MIC value with tetranydronaphthyl group
in 9m prompted us to investigate its molecular simplification by the removal of the phenyl
group and evaluation of the cyclohexyl group. Indeed, 3,4-dihydroquinazolin-4-one 9n
exhibited an MIC of 0.97 puM, which was approximately 18-fold more potent than
tetrahydronaphthyl-containing compound 9m. Moreover, this compound was almost 3-
fold more potent than isoniazid drug (MIC = 2.9 uM). These findings corroborated data
already described in the literature [18]. Interestingly, the secondary amide seems to be
crucial for the activity of the 3,4-dihydroquinazolin-4-ones, as substitution of hydrogen
for a methyl abolished completely the antimycobacterial activity of compound 90 (MIC
>75.4 uM). Amidic hydrogen may be involved in hydrogen bond(s) with a putative
molecular target, stabilizing the protein-ligand complex, or may be responsible for the
correct conformation of the structure through intramolecular stabilization. Following
SAR evaluation, the presence of methyl at the 2-position of the cyclohexyl ring did not
significantly alter the activity of compounds, as 3,4-dihydroquinazolin-4-one 9p showed
an MIC of 0.94 uM. By contrast, 3-methyl-, 4-methyl-, and trans-4-methylcyclohexyl
substituents yielded molecules with an MIC of 0.24 uM, a potency increase of more than
4-fold compared to the non-substituted 9n. Reduction in molecular volume by using a
cyclopentyl group (9t) reduced the antitubercular potency. Cyclopentyl-substituted 9t
exhibited an MIC of 2.07 uM, which was 2.1-fold less active than cyclohexyl-based
compound 9n. The use of a cycloheptyl substituent again yielded a structure with an MIC
in the submicromolar range. 3,4-Dihydroquinazolin-4-one 9u presented an MIC of 0.48
UM. In the same manner as for the 1H-benzo[d]imidazoles series, the 3,4-
dihydroquinazolin-4-one side chain was extended with an additional methylene. First,

using a benzyl group (9v) the MIC obtained was 4.8 uM, which was more promising than
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phenyl-substituted 9a. By contrast, the presence of methylene separating the amidic
nitrogen from the cyclohexyl ring did not alter the potency of compound 9w (MIC =0.94
pHM) compared to 9n (MIC = 0.97 uM). Another interesting observation was that the
presence of an additional methyl group creating stereogenic centers abolished the activity
of the 3,4-dihydroquinazolin-4-ones 9x and 9y (MICs >28.9 uM). Finally, piperidinyl-
containing compound 9z was devoid of activity at the evaluated concentration (MIC
>33.0 uM), evidencing, once more, the necessity of the secondary amide for the potent

activity of the 3,4-dihydroquinazolin-4-ones.

Table 2. ClogP values and in vitro activities of the 3,4-dihydroquinazolin-4-ones 9a-z

against M. tuberculosis H37Rv and clinical resistant isolates.

MIC MIC MIC MIC MIC
Entry ClogP? H37Rv  CDCT10 CDCT1l6 CDCT27 CDCT28

(LM) (LM) (LM) (LM) (LM)

9a 2.02 >32.1 - - - -
9b 2.09 >29.3 - - - -
9c 2.52 >30.7 - - - -
9d 2.42 >30.4 - ; ] ]
9e 2.99 28.9 - - - -
of 3.14 >25.6 - - - -
9g 3.40 >22.9 - - - -
9h 231 >28.1 - - - -
oi 3.57 >28.3 - - - -
9 4.63 26.2 - - - -
9k 3.19 >27.7 - - - -
ol 2.58 >27.4 - - - -
om 2.58 17.1 - - - -
9n 2.07 0.97 0.50 0.97 0.25 0.5

90 2.27 >75.4 - - - -
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9p 2.58 0.94 0.95 3.9 0.96 1.9
9q 2.58 0.24 0.94 0.9 0.24 0.93
9r 2.58 0.24 0.24 0.48 0.12 0.24
9s 2.58 0.24 0.12 0.24 0.04 0.12
ot 151 2.07 - - - -
9u 2.62 0.48 0.48 0.93 0.24 0.48
9v 1.92 4.8 - - - -
9w 2.68 0.94 0.93 0.93 0.48 0.93
9x 2.99 >28.9 - - - -
9y 2.99 >28.9 - - - -
9z 1.38 >33.0 - - - -
INH - 2.9 45.6 729.2 182.3 2.84

ClogP calculated by ChemBioDraw Ultra, version 13.0.0.3015. INH, isoniazid.

3,4-Dihydroquinazolin-4-ones with MIC values lower than 1 pM (9n, 9p-s, 9u and
9w) were selected for further evaluation of their inhibitory activity against a panel of
clinical isolate strains (Table 2). The CDCT10 and CDCT16 strains are described as
multidrug-resistant clinical isolates. CDCT10 presents resistance to drugs such as
isoniazid, rifampin and ethambutol, whereas CDCT16 strain exhibits resistance to
isoniazid, rifampin, ethambutol and streptomycin. Targeted sequencing from CDCT10
strain has revealed mutations in the rpoB and katG genes. Also using targeted sequencing,
mutations in the rpo, katG and inhA regulatory region C(-15)T were observed for
CDCT16 strain. Additionally, CDCT27 was also evaluated; this drug-resistant strain
shows resistance to drugs such as isoniazid and ethambutol. CDCT27 has displayed
mutations in the katG gene. Finally, clinical isolate CDCT28 does not present resistance
to the first-line drugs, and targeted sequencing has also presented mutation in the rpoB

gene. Notably, the selected compounds exhibited identical activity or were even more
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potent against CDCT10, CDCT27, and CDCT28 strains than against M. tuberculosis
H37Rv strain (Table 2). By contrast, 3,4-dihydroquinazolin-4-ones 9p—r and 9u
increased MIC values when assayed against CDCT16 strain. Only compounds 9n and 9w
did not alter MIC values against this strain compared to those presented for M.
tuberculosis H37Rv. Although these results may suggest the participation of the inhA
gene product in the activity elicited by the compounds, the mutations in the clinical isolate
strains were obtained by target sequencing, and alterations elsewhere in the genome
cannot be excluded. Thus, inferences about the mechanism of action of the compounds
based on modifications in MIC values for these strains should be made with caution, and

further studies are needed to clarify this point.

Cellular viability was carried out after incubation with the test compounds using the
neutral red uptake assay [19] and MTT method [10] (Table 3). Exposing the HepG2,
HaCat, and Vero cell lineages to 3,4-dihydroquinazolin-4-ones 9n, 9p-s, 9u and 9w for
72 h did not significantly affect the cell viability [20]. The assayed concentration was at
least 32 times higher than the MICs of the synthesized compounds against M. tuberculosis
H37Rv. These results suggest a possible low toxicity of the compounds to mammalian

cells and a likely high degree of selectivity for Mtb.

Table 3. Percentage of cell viability of HepG2, HaCat, and Vero cell lineages after

exposition to 3,4-dihydroquinazolin-4-ones 9n, 9p-s, 9u and 9w.

% of cell viability £ SEM?
Entry HepG2 HaCat Vero
MTT Neutral MTT Neutral MTT Neutral
red red red
9n 86+6 954 100+ 8 97 +3 90 +12 92+4

9p 94+5 101+3 100+8 99+12 1027 95+12
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9q 89+6 95+3 94+9 887 89+7 95+5
9r 89+3 96+3 95+8 94 +3 84 +4 95+2
9s 83+x7 972 97 +2 97+4 88+12 93*6
9u 9+3 105+5 100+10 88=*6 91+4 94 +5
9w 79+3 97+3 98 +8 88 +3 89+5 97 +3

4Data are expressed as the mean cell viability + SEM for each compound, tested at 10

pg/mL. Results were obtained in triplicate from three independent experiments.

The promising and selective activity showed by the compounds prompted us to
investigate other in vivo toxicological parameters such as cardiotoxicity, neurotoxicity
and morphological alterations, using zebrafish (Danio rerio) models ?*-%1, In particular,
there are possible cardiac side effects under study attributed to the new antitubercular
drug bedaquiline [24]. Therefore, cardiac risk assessment for novel compounds should
ideally be evaluated in the early drug discovery stages. The 3,4-dihydroquinazolin-4-ones
9n, 9p-s, 9u and 9w were evaluated for the heartbeat rate in viable embryos at 2 and 5
dpf (days post-fertilization) using concentrations of 3, 15 and 20 uM (Table 4). Except
for compounds 9p and 9r, the molecules did not change the heartbeat rates in tested
animals at 2 dpf at 3 UM concentration. By contrast, at the highest dose assayed (20 uM)
six of the seven structures tested induced changes in the heartbeat rate of animals at 2 dpf.
Notably, 3,4-dihydroquinazolin-4-one 9q did not alter heartbeat rates in any of the
concentrations tested. Considering animals at 5 dpf, only compound 9u was able
significantly to alter the rate of heartbeats. This finding indicates an apparent cardiac

safety of compounds 9n, 9p-s, and 9w in animals at 5 dpf.
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Table 4. Cardiac evaluation of 3,4-dihydroguinazolin-4-ones 9n, 9p-s, 9u and 9w in

viable embryos at 2 and 5 dpf (days post-fertilization).

Zebra fish heart rate (Mean = SD/min) — Embryos 2 dpf

Entry  Control 1% DMSO 3uM 15 M 20 uM
9n 141.6+158 147.3+16.1 1495+16.3 155.0+14.8" 1557 +14.1"
9p 141.6+158 147.3+16.1 156.3+14.8" 151.7+14.2 153.9+16.1"
99 146.3+93 148896 1512+71 151.7+9.4 152.2+ 8.5
Or 128.7+21.7 134.4+11.7 1223+9.6" 127.2+6.6 146.4+10.97"/#
9s 128.7+217 1344+117 1355+7.3 1340+6.1 150.2 82" /##
9u 138.3+10.7 139.9+12.4 139.6+15.0 136.5+16.4 148.4 +10.8"
ow 138.3+10.7 139.9+124 140.7+122 143.2+14.1 152.6+8.8"""/##

Zebra fish heart rate (Mean £ SD/min) — Embryos 5 dpf

Entry  Control 1% DMSO 3uM 15 uM 20 uM
9n 158.2+12.7 157.4+9.7 162.8+10.5 163.0+84 158.4+9.9
9p 156.7+16.3 157.4+9.7 1626+80 1634172 160.6 + 12.3
9q 1559+125 159.1+9.7 157.2+153 157.4%93 160.9+114
Or 148.1+7.4 1481+113 147.7+141 150.3+135 152.2 +10.6
9s 148.1+7.4 1481+113 149.2+135 157.4+18.6 153.8 +13.2
9u 153.2+82 1545+6.8 160.1+84* 160.4+7.7* 153.8+11.1
9w 153.2+82 1545+6.8 157.8+9.0 158.9+11.9 152.5+11.0

“P < 0.5 compared with control group (Tukey post-test). “P < 0.01 compared with

control group (Tukey post-test).

*kk*k

P < 0.0001 compared with control group (Tukey post-

test). #P < 0.01 compared with the 1% DMSO group (Tukey post-test). “*P < 0.001

compared with the 1% DMSO group.

Furthermore, the distance traveled by the animals was used as a parameter to evaluate

neurological impairment after exposure to the compounds. None of the evaluated

compounds 9n, 9p-s, 9u, and 9w altered the locomotor activity of the animals (data not
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shown). Morphological evaluation considered parameters such as body length, ocular
distance, and surface area of the eyes. Except for compound 9s which altered the body
length of the larvae at 20 UM concentration, none of the compounds in any of the tested
concentrations (3, 15 and 20 pM) shown modifications on the morphological parameters
(data not shown). Finally, the larvae survival rate was not altered by exposure to 3,4-
dihydroquinazolin-4-ones 9n, 9p-s, 9u, and 9w in the experimental conditions used (data
not shown).

Aiming at further in vivo effectiveness trials in rodents and pharmaceutical formulation
studies for oral administration, the stability of 3,4-dihydroquinazolin-4-ones 9n, 9p-s,
9u, and 9w in aqueous medium was determined (Supporting information). The
experiments were carried out using 10% DMSO as co-solvent in PBS at 25 °C and 37 °C
for up to 48 h. At room temperature (25 °C), only compound 9s showed chemical
instability. After 24 h, only 26% of the 3,4-dihydroquinazolin-4-one 9s could be
recovered. The other products remained stable over 48 h. Elevation of temperature to 37
°C appeared to be crucial for chemical instability of compound 9r. After 6 h of incubation
less than 70% of 9r was recovered. Once more, the 3,4-dihydroquinazolin-4-one 9s
presented instability under the experimental conditions tested. In contrast, 3,4-
dihydroquinazolin-4-ones 9n, 9p—q, 9u, and 9w were stable in aqueous medium for 48 h

at 37 ° C in the evaluated conditions.

3. Conclusion

In summary, herein was shown the synthesis of new series of hybridized 1H-
benzo[d]imidazoles and 3,4-dihydroquinazolin-4-ones and their in vitro antitubercular
activity. The simplicity of the route, easily accessible reactants and reagents, reasonable

yields and high purity make the synthetic protocols attractive. In addition, the synthesized
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compounds showed potent and selective activity against drug-sensitive and drug-resistant
Mtb strains, with no apparent cytotoxicity to mammalian cells. The submicromolar
antitubercular activity elicited by 3,4-dihydroquinazolin-4-ones, coupled with low risk of
cardiotoxicity and neurotoxicity, suggests that this class of compounds may furnish
candidates for future development of novel anti-TB drugs. Considering the data described
so far, 3,4-dihydroquinazolin-4-ones 9q and 9w are considered the lead compounds of
this series of synthesized molecules. Studies to identify the target(s) of the
antimycobacterial action of the 3,4-dihydroquinazolin-4-ones, new structural
modifications, and pharmaceutical formulation studies are in progress and these data will

be reported to the scientific community soon.

4. Experimental Section

4.1 Synthesis and structure: apparatus and analysis

The commercially available reactants and solvents were obtained from commercial
suppliers and were used without additional purification. The reactions were monitored by
thin-layer chromatography (TLC) with Merck TLC Silica gel 60 F2s4. The melting points
were measured using a Microquimica MQAPF-302 apparatus. *H and **C NMR spectra
were acquired on a Avance Il HD Bruker spectrometer (Pontifical Catholic University
of Rio Grande do Sul). Chemical shifts (5) were expressed in parts per million (ppm)
relative to DMSO-de, which was used as the solvent, and to TMS, which was used as
internal standard. High-resolution mass spectra (HRMS) were obtained for all the
compounds on an LTQ Orbitrap Discovery mass spectrometer (Thermo Fisher Scientific,
Bremer, Germany). This system combines an LTQ XL linear ion-trap mass spectrometer

and an Orbitrap mass analyzer. The analyses were performed through the direct infusion
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of the sample in MeOH/H20 (1:1) with 0.1% formic acid (flow rate 10 pL/min) in a
positive-ion mode using electrospray ionization (ESI). For elemental composition,
calculations used the specific tool included in the Qual Browser module of Xcalibur
(Thermo Fisher Scientific, release 2.0.7) software. Compound purity was determined
using an Akta HPLC system (GE Healthcare® Life Sciences) equipped with a binary
pump, manual injector and UV detector. Unicorn 5.31 software (Build 743) was used for
data acquisition and processing. The HPLC conditions were as follows: RP column 5 pm
Nucleodur C-18 (250 x 4.6 mm); flow rate 1.5 mL/min; UV detection 254 nm; 100%
water (0.1% acetic acid) was maintained from 0 to 7 min and was followed by a linear
gradient from 100% water (0.1% acetic acid) to 90% acetonitrile/methanol (1:1, v/v) from
7 to 15 min (15-30 min) and subsequently returned to 100% water (0.1% acetic acid) in
5 min (30-35 min) and maintained for an additional 10 min (35-45 min). All the

evaluated compounds were > 90% pure.

4.2 General procedure for the synthesis of 1H-benzo-[d]-imidazoles 6a-m

The synthesis of these compounds was adapted from previously described
methodology [15]. The appropriately substituted bromoacetamide (1 mmol) was added to
a mixture of 1H-benzimidazole-2-thiol (1 mmol), potassium carbonate (K2CQOz, 2 mmol)
in acetonitrile (10 mL). The reaction mixture was stirred at 40 °C (oil bath) for 4 h. The
precipitated solid was filtered off, washed with chloroform (3 x 20 mL) and dried under

reduced pressure to afford the products in good purity.

4.2.1. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(2-methoxyphenyl)acetamide (6a): Yield
83%; m.p.: 127.5 - 129.3 °C; HPLC 93% (tr = 15.90); *H NMR (400 MHz, DMSO-ds)
oppm 3.67 (s, 3 H), 4.22 (s, 2 H), 6.88 (td, J = 8.2, 1.3 Hz, 1 H), 6.97 (td, J=8.2, 1.3 Hz,
1H),7.02 (dd, J=8.2, 1.3 Hz), 7.13-7.17 (m, 2 H), 7.48-7.50 (m, 2 H), 8.10 (d, J = 8.1,
1 H), 9.94 (s, 1 H). ®°C NMR (101 MHz, DMSO-dg) & ppm 35.4, 55.6, 111.0, 120.3,
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121.5, 124.1, 127.3, 148.7, 150.0, 166.8; FTMS (ESI) m/z 314.0954 [M+H]"; calcd for
C16H15N30,S: 314.0958.

4.2.2. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(4-pentylphenyl)acetamide (6b): Yield
96%; m.p.: 103.5 — 104.7 °C; HPLC 94% (tr = 19.10); *H NMR (400 MHz, DMSO-ds)
oppm 0.83 (t, J =7.0 Hz, 3 H), 1.25 (m, 4 H), 1.51 (m, 2 H), 2.49 (m, 2 H), 4.21 (s, 2 H),
7.09-7.11 (m, 4 H), 7.43-7.48 (m, 4 H), 10.58 (s, 1H). 3C NMR (101 MHz, DMSO-ds) &
ppm 13.8, 21.9, 30.6, 30.7, 34.4, 36.1, 109.4, 113.8, 118.9, 121.0, 128.4, 136.6, 137.3,
140.0, 150.5, 166.1; FTMS (ESI) m/z 354.1630 [M+H]"; calcd for CzoH23NsOS:
354.1635.

4.2.3. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(4-heptylphenyl)acetamide (6¢): Yield
88%; m.p.: 142.6 — 143.7 °C; HPLC 93% (tr = 19.68); 'H NMR (400 MHz, DMSO-ds)
oppm 0.84 (t, J = 6.8 Hz, 4 H), 1.23 (d, J = 6.1 Hz, 8 H), 1.51 (m, 2 H), 2.50 (m, 2 H),
4.13 (s, 2 H), 7.03-7.06 (m, 2 H), 7.10 (d, J = 8.6 Hz, 2 H), 7.42-7.44 (m, 2 H), 7.48 (d, J
=8.6 Hz, 2 H). 13C NMR (101 MHz, DMSO-dg) 5ppm 13.8, 22.0, 28.4, 30.9, 31.2, 34.5,
36.1, 109.4, 113.8, 118.8, 120.2, 122.0, 128.4, 132.6, 136.8, 137.2, 141.3, 151.9, 166.7;
FTMS (ESI) m/z 382.1977 [M+H]*; calcd for C22H27N30S: 382.1948.

4.2.4. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(naphthalen-2-yl)acetamide (6d): Yield
88%:; m.p.: 101.7 — 102.2 °C; HPLC 92% (tr = 16.61); 'H NMR (400 MHz, DMSO-ds)
oppm 4.33 (s, 2 H), 7.10-7.14 (m, 2 H), 7.37-7.43 (td, J = 7.5, 1.5 Hz, 1 H), 7.44-7.47
(m, 3 H), 7.56-7.59 (dd, J =8.8,2.2 Hz, 1 H), 7.81 (t, J = 8.8, 2 H), 7.86 (d, J = 9.0 Hz,
1 H), 8.29 (d, J = 1.7 Hz, 1 H), 10.73 (s, 1 H). 3C NMR (101 MHz, DMSO-ds) & ppm
36.2, 115.1, 119.6, 121.4, 124.6, 126.4, 127.2, 127.4, 128.4, 129.7, 133.3, 136.4, 149.8,
166.4; FTMS (ESI) m/z 334.1005 [M+H]"; calcd for C19H15N30S: 334.10009.

4.2.5. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(2,3-dihydro-1H-inden-5-yl)acetamide
(6€): Yield 92%; m.p.: 89.7 — 90.6 °C; HPLC 90% (tr = 16.71); *H NMR (400 MHz,
DMSO-de) 6 ppm 1.97 (q, J =7.4, Hz, 2 H), 2.79 (dt, J = 10.7, 7.4 Hz, 4 H), 4.23 (s, 2
H), 7.09-7.13 (m, 3 H), 7.26 (dd, J = 8.1, 1.5 Hz, 1 H), 7.42-7.46 (m, 2 H), 7.49 (s, 1 H)
10.40 (s, 1 H). 3C NMR (101 MHz, DMSO-ds) & ppm 25.0, 31.7, 32.4, 36.1, 115.2,
117.1, 121.3, 124.1, 137.0, 138.6, 144.1, 149.9, 165.8; FTMS (ESI) m/z 324.1161
[M+H]*; calcd for C19H19N30S: 324.1165.

4.2.6. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-cyclohexylacetamide (6f): Yield 96%;
m.p.: 132.9 — 134.0 °C; HPLC 90% (tr = 16.59); *H NMR (400 MHz, DMSO-ds) 6 ppm
1.08-1.25 (m, 5 H, 3°-H, 4’-H and 5°H), 1.45-1.48 (m, 1 H, 5°-H), 1.59-1.69 (m, 4 H,
2’-H and 6°’-H), 3.54 (m, 1 H, 1°-H), 3.87 (s, 2 H, 8-H), 6.98-7.02 (m, 2 H, 5-H and 6-H),
7.35-7.39 (m, 2 H, 4-H and 7-H), 8.87 (s, 1 H, H-N). *C NMR (101 MHz, DMSO-ds) &
ppm 23.9, 25.2, 31.9, 35.1 (9-C), 47.5 (1°-C), 113.8 (4-C and 7-C), 120.1 (5-C and 6-C),
141.5 (3a-C and 7a-C), 152.1 (2-C), 167.3 (10-C); FTMS (ESI) m/z 290.1314 [M+H]";
calcd for C15sH19N3OS: 290.1322.

4.2.7. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(2-methylcyclohexyl)acetamide (69):
Yield 98%; m.p.: 114.8 — 115.5 °C; HPLC 91% (tr = 16.97 and 17.44); *H NMR (400
MHz, DMSO-dg) ¢ ppm 0.74-0.75 (d, J = 6.8 Hz, 3 H), 0.79-0.80 (d, J = 6.6 Hz, 3 H),
0.84-0.86 (m, 1H), 0.96-1.02 (m, 1 H), 1.12-1.40 (m, 7 H), 1.58 (d, J = 11.7 Hz, 2 H),
1.64-1.75 (m, 4 H), 3.18-3.26 (m, 2 H), 3.88-4.03 (m, 4 H), 7.03-7.05 (m, 2 H), 7.06-7.09
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(m, 2 H), 7.38-7.42 (m, 4 H), 8.41 (d, J = 4.4 Hz, 1 H), 8.88 (d, J = 4.4 Hz, 1 H). 3C
NMR (101 MHz, DMSO-ds) & ppm 18.8, 24.9, 25.2, 28.9, 29.7, 32.6, 33.7, 33.7, 34.9,
35.1, 37.1, 48.8, 53.7, 113.7, 120.3, 120.8, 140.2, 150.7, 166.8, 168.1; FTMS (ESI) m/z
304.1467 [M+H]*; calcd for C16H21N30S: 304.1478.

4.2.8. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(3-methylcyclohexyl)acetamide (6h):
Yield 89%; m.p.: 128.7 — 129.4 °C; HPLC 90% (tr = 17.16 and 17.48); *H NMR (400
MHz, DMSO-ds) 5ppm 0.70-0.98 (m, 5 H), 1.01-1.27 (m, 3 H), 1.37-1.58 (m, 4 H), 1.65
(d, J=9.5Hz, 2 H), 1.68-1.77 (m, 2 H), 3.47-3.57 (m, 1 H), 3.98 (s, 2 H), 7.09-7.13 (m,
2 H) 7.41-7.46 (m, 2 H), 8.24 (d, J = 4.4 Hz, 1 H), 8.44 (d, J = 4.4 Hz, 1 H). 3C NMR
(101 MHz, DMSO-ds) dppm 20.0, 21.6, 22.2, 24.3, 26.4, 29.8, 31.2, 31.8, 33.4, 33.8,
35.0, 35.3, 38.1, 41.0, 44.5, 48.2, 113.7, 121.2, 150.0, 166.3, 166.9; FTMS (ESI) m/z
304.1467 [M+H]"; calcd for C16H21N3OS: 304.1478.

4.2.9. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(4-methylcyclohexyl)acetamide (61):
Yield 78%; m.p.: 98.2 —99.0 °C; HPLC 96% (tr = 17.12 and 17.41): 'H NMR (400 MHz,
DMSO-ds) §ppm 0.66 (d, J = 6.1 Hz, 3 Hais), 0.84 (d, J = 6.4 Hz, 3 Hurans), 0.88-0.97 (m,
2 Htrans), 108'117 (m, 4 Hcis/trans), 126'144 (m, 7 Hcis/trans), 153'158 (m, 2 Hcis), 163
(dd, J= 125, 2.7 HZ, 2 Htrans), 1.77 (dd, J= 125, 2.7 HZ, 2 Htrans), 33'34 (m, 2 Hcis/trans),
3.8(5, 2 Heis), 3.9 (5, 2 Hians), 6.96-7.05 (M, 2 Heis), 7.02-7.05 (M, 2 Huans), 7.35-7.41 (m,
4 Hcis/trans), 868 (S, 1 Htrans), 913 (d, J = 44 HZ, 1 Hcis). 13C NMR (101 MHZ, DMSO'dG)
o ppm 21.4cis, 22.0trans, 29.0cis, 29.1cis, 30.8cis, 31.3trans, 32.0trans, 33.3trans, 34.7cis, 35.1trans,
44.2cis, 48.1trans, 113.7trans, 113.9cis, 119.6cis, 120.3trans, 141.0trans, 142.2cis, 151.6trans,
153.1¢is, 167.0trans, 168.0cis; FTMS (ESI) m/z 304.1467 [M+H]"; calcd for C16H21N3OS:
304.1478.

4.2.10. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(trans-4-methylcyclohexyl)acetamide
(6j): Yield 76%; m.p.: 144.5 — 145.2 °C; HPLC 91% (tr = 17.17); *H NMR (400 MHz,
DMSO-ds) 5ppm 0.84 (d, J = 6.4 Hz, 3 H), 0.88-0.98 (m, 2 H), 1.10-1.18 (m, 2 H), 1.22-
1.39 (m, 1 H), 1.63 (d, J = 12.7 Hz, 2 H), 1.76 (d, J = 9.5 Hz, 2 H), 3.43 (m, 1 H), 3.92
(s, 2 H), 7.05-7.07 (m, 2 H), 7.40-7.41 (m, 2 H), 8.55 (s, 1 H). *C NMR (101 MHz,
DMSO-ds) 6 ppm 22.0, 31.3, 32.0, 33.3, 35.2, 48.1, 113.8, 120.5, 120.6, 140.7, 151.2,
166.9; FTMS (ESI) m/z 304.1496 [M+H]"; calcd for C16H21N3OS: 304.1478.

4.2.11. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-benzylacetamide (6k): Yield 73%; m.p.:
175.5 - 177.0 °C; HPLC 91% (tr = 15.98); 'H NMR (400 MHz, DMSO-ds) & ppm 4.10
(s,2H),4.32(d,J=6.1Hz, 2 H), 7.12-7.19 (m, 2 H), 7.21-7.25 (m, 5 H), 7.44-7.46 (m,
2 H), 8.82 (t, J = 5.4 Hz, 1 H). 3C NMR (101 MHz, DMSO-ds) §ppm 34.9, 42.4, 121.3,
126.6, 127.0, 128.1, 138.9, 149.7, 167.3; FTMS (ESI) m/z 298.1029 [M+H]"; calcd for
C16H15N30S: 298.1009.

4.2.12. 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(cyclohexylmethyl)acetamide (61): Yield
65%; m.p.: 166.7 — 167.1 °C; HPLC 90% (tr = 17.21); *H NMR (400 MHz, DMSO-ds)
& ppm 0.77-0.88 (m, 2 H), 1.10-1.14 (m, 4 H), 1.34-1.35 (m, 1 H), 1.55-1.69 (m, 6 H),
2.94 (ddd, J=17.1, 10.8, 6.6 Hz, 2 H), 4.00 (s, 2 H), 7.09-7,14 (m, 2 H), 7.41-7.45 (m, 2
H), 8.32 (s, 1 H). 3C NMR (101 MHz, DMSO-ds) & ppm 25.3, 25.9, 30.1, 34.9, 37.3,
45.1, 113.7, 121.2, 139.6, 149.9, 167.3; FTMS (ESI) m/z 304.1474 [M+H]*; calcd for
C16H21N30S: 304.1478.
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4.2.13. (S)-2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(1-cyclohexylethyl)acetamide (6m):
Yield 62%; m.p.: 139.7 —140.2 °C; HPLC 92% (tr = 17.59); *H NMR (400 MHz, DMSO-
ds) oppm 0.81-1.10 (m, 7 H), 1.22-1.26 (m, 1 H), 1.52-1.60 (m, 5 H), 3.55-3.60 (m, 1 H),
3.82-3.99 (m, 2 H), 7.02 (dd, J = 5.9, 3.2 Hz, 2 H), 7.37 (dd, J = 6.1, 3.2 Hz, 2 H), 8.56
(s, 1 H). 3C NMR (101 MHz, DMSO-ds) s ppm 17.4, 25.7, 25.8, 28.2, 28.6, 35.0, 42.3,
48.9, 113.7, 120.3, 141.0, 151.5, 167.3; FTMS (ESI) m/z 318.1621 [M+H]"; calcd for
C17H23N30S: 318.1635.

4.3 General procedure for the synthesis of 3,4-dihydroquinazolin-4-ones 9a-z
2-Mercaptoquinazolin-4(3H)-one (1 mmol) was diluted in N,N-dimethylformamide
(5 mL) with the addition of diisopropylethylamine (DIPEA, 1.1 mmol) under an argon
atmosphere at 0 °C. The solution was stirred for 5 min and bromacetamine (1.1 mmol)
was added. After 30 min, the temperature was elevated to 25 °C. The reaction mixture
was stirred for additional 18 h and the precipitated product filtered off, washed with water
and dried under vacuum. The products were obtained in satisfactory purity without the

need for additional purification.

4.3.1. 2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-phenylacetamide (9a): Yield 86%;
m.p.: 233.5 - 234.3 °C; HPLC 99% (tr = 16.51 min); *H NMR (400 MHz, DMSO-dg) 6
ppm 4.17 (s, 2 H, 9-H), 7.04 (t, J = 7.3 Hz, 1 H, 4°-H), 7.30 (t, J = 7.3 Hz, 2 H, 3’-H),
7.40 (td, J=8.1,1.5Hz, 1 H, 6-H), 7.47 (d,J =8.1Hz, 1 H, 8-H), 759 (d, J = 7.6 Hz, 2
H, 2°-H), 7.73 (td, J = 7.6, 1.6 Hz, 1 H, 7-H), 8.02 (dd, J = 8.1, 1Hz, 1 H, 5-H), 10.34 (s,
1 H, NH), 12.68 (s, 1 H, NH, 3-H). *C NMR (101 MHz, DMSO-ds) & ppm 35.1 (9-C),
119.1 (2°-C), 119.9 (4a-C), 123.4 (4°-C), 125.6 (5-C), 125.9(8-C), 128.7 (3’-C), 134.6 (7-
C), 138.8 (1°-C), 148.2 (8a-C), 155.2 (2-C), 161.0 (4-C), 165.8 (10-C); FTMS (ESI) m/z
312.0797 [M+H]"; calcd for C16H13N302S: 312.0801.

4.3.2. N-(4-Methoxyphenyl)-2-((4-oxo-3,4-dihydroquinazolin-2-yl)thio)acetamide (9b):
Yield 81%; m.p.: 214.1 — 216.9 °C; HPLC 95% (tr = 16.34 min); *H NMR (400 MHz,
DMSO-dg) 6 ppm 3.70 (s, 3 H), 4.14 (s, 2 H), 6.87 (d, J = 9.0 Hz, 2 H), 7.38-7.42 (m, 1
H), 7.47-7.50 (m, 3 H), 7.74 (td, J = 8.3, 1.5 Hz, 1 H), 8.02 (dd, J = 7.8, 1.5 Hz, 1 H),
10.20 (s, 1 H), 12.66 (s, 1 H). *C NMR (101 MHz, DMSO-ds) & ppm 35.0, 55.1, 113.9,
119.9,120.7, 125.7, 125.8, 126.0, 132.0, 134.6, 148.2, 155.3, 155.3, 161.0, 165.3; FTMS
(ESI) m/z 342.0873 [M+H]"; calcd for C17H15N303S: 342.0907.

4.3.3. 2-((4-Oxo0-3,4-dihydroquinazolin-2-yl)thio)-N-(p-tolyl)acetamide (9¢): Yield 69%;
m.p.: 247.9 — 250.1 °C; HPLC 96% (tr = 17.00 min); *H NMR (400 MHz, DMSO-dg) &
ppm 2.23 (s, 3 H), 4.15 (s, 2 H), 7.10 (d, J = 8.1 Hz, 2 H), 7.40 (td, J = 8.0, 1.5 Hz, 1 H),
7.47 (d,J=8.6 Hz, 3 H), 7.73 (td, J = 8.4, 1.5 Hz, 1 H), 8.02 (dd, J = 7.9, 1.5 Hz, 1 H),
10.35 (s, 1 H), 12.67 (s, 1 H). **C NMR (101 MHz, DMSO-ds) §ppm 20.4, 35.1, 119.1,
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119.9, 125.7, 125.8, 126.0, 129.1, 132.3, 134.6, 136.4, 148.2, 155.2, 161.0, 165.6; FTMS
(ESI) m/z 326.0927 [M+H]"; calcd for C17H1sNs02S: 326.0958.

4.3.4. N-(4-Fluorophenyl)-2-((4-oxo-3,4-dihydroquinazolin-2-yl)thio)acetamide (9d):
Yield 68%; m.p.: 243.6 — 244.8 °C; HPLC 97% (tr = 16.62 min); *H NMR (400 MHz,
DMSO-de) 6 ppm 4.16 (s, 2 H), 7.11-7.17 (m, 2 H), 7.40 (td, J = 8.1, 1.5 Hz, 1 H), 7.46
(d, J=8.1Hz, 1 H), 7.58-7.63 (m, 2 H), 7.73 (td, J = 7.6, 1.6 Hz, 1 H), 8.02 (dd, J = 8.1,
1.5 Hz, 1 H), 10.40 (s, 1 H), 12.67 (s, 1 H). *C NMR (101 MHz, DMSO-ds) 5 ppm 35.0,
115.3 (d, 2Jce = 22.0 Hz), 119.9, 120.9 (d, Jcr = 8.0 Hz), 125.7, 125.8, 126.0, 134.6,
135.2 (d, “Jcr = 2.9 Hz), 148.2, 155.2, 156.8 (d, “Jcr = 239.8 Hz), 161.0, 165.8; FTMS
(ESI) m/z 330.0674 [M+H]"; calcd for C16H12FN30,S: 330.0707.

4.3.5. N-(4-Chlorophenyl)-2-((4-oxo0-3,4-dihydroquinazolin-2-yl)thio)acetamide (9e):
Yield 81%; m.p.: 262.7 — 264.1 °C; HPLC 93% (tr = 17.21 min); *H NMR (400 MHz,
DMSO-de) Sppm 4.18 (s, 2 H), 7.37 (d, J=8.0,2 H), 7.41 (td, J = 8.1, 1.1 Hz, 1 H), 7.46
(d, J=8Hz,1 H), 7.63(d, J=8.0, 2 H), 7.75 (td, J = 8.0, 1.1 Hz, 1 H), 8.03 (dd, J = 7.8,
1.5 Hz, 1 H), 10.49 (s, 1 H), 12.68 (s, 1 H). *C NMR (101 MHz, DMSO-ds) 5 ppm 35.1,
119.9, 120.7, 125.7, 126.0, 127.0, 128.7, 134.6, 137.9, 140.4, 148.1, 155.3, 161.1, 166.0;
FTMS (ESI) m/z 346.0403 [M+H]"; calcd for C16H13CIN30,S: 346.0412.

4.3.6. N-(4-bromophenyl)-2-((4-oxo-3,4-dihydroquinazolin-2-yl)thio)acetamide (9f):
Yield 89%; m.p.: 236.2 — 238.1 °C; HPLC 92% (tr = 17.26 min); *H NMR (400 MHz,
DMSO-dg) Sppm 4.17 (s, 2 H), 7.40 (td, J = 8.1, 1.5 Hz, 1 H), 7.44 (d, J = 8.1 Hz, 1 H),
7.48 (d, J=8.8 Hz, 2 H), 7.57 (d, J =8.8 Hz, 2 H), 7.73 (td, J = 7.6, 1.6 Hz, 1 H), 8.02
(dd, J=7.8, 1.5 Hz, 1 H), 10.48 (s, 1 H), 12.67 (s, 1 H). **C NMR (101 MHz, DMSO-ds)
oppm 35.1, 114.9, 119.8, 121.0, 125.6, 126.0, 131.5, 134.6, 138.2, 148.0, 155.2, 161.0,
166.0; FTMS (ESI) m/z 391.9843 [M+H]"; calcd for C16H12BrN3zO>S: 391.9886.

4.3.7.  N-(4-lodophenyl)-2-((4-oxo0-3,4-dihydroquinazolin-2-yl)thio)acetamide  (99):
Yield 86%; m.p.: 233.5 — 235.5 °C; HPLC 91% (tr = 17.44 min); *H NMR (400 MHz,
DMSO-deg) 6 ppm 4.17 (s, 2 H), 7.39-7.47 (m, 4 H), 7.64 (d, J = 7.6 Hz, 2 H), 7.74 (td, J
=8.5,1.5Hz, 1 H),8.03 (dd, J=8.1, 1.5 Hz,1 H), 10.36 (s, 1 H), 12.58 (s, 1 H). 3C NMR
(101 MHz, DMSO-ds) Sppm 34.9, 86.6, 119.8, 121.3, 125.5, 125.8, 134.4, 137.2, 138.5,
147.9, 155.1, 160.9, 165.9.; FTMS (ESI) m/z 437.9723 [M+H]*; calcd forC1sH12IN30S:
437.9768.

4.3.8. N-(4-Nitrophenyl)-2-((4-oxo-3,4-dihydroquinazolin-2-yl)thio)acetamide  (9h):
Yield 50%; m.p.: 235.8 — 238.1°C; HPLC 95% (tr = 16.75 min); *H NMR (400 MHz,
DMSO-ds) & ppm 4.26 (s, 2 H), 7.40-7.44 (m, 2 H), 7.74 (td, J = 7.6, 1.6 Hz, 1 H), 7.88
(d,J=9.7 Hz, 2 H), 8.04 (dd, J = 7.8, 1.5 Hz, 1 H), 8.25 (d, J = 9.7 Hz, 2 H), 11.00 (s, 1
H), 12.73 (s, 1 H). **C NMR (101 MHz, DMSO-ds) & ppm 35.3, 118.8, 119.9, 125.0,
125.7,126.1, 134.6, 142.3, 145.0, 148.1, 155.1, 161.0, 167.0; FTMS (ESI) m/z 357.0617
[M+H]"; calcd for C16H12N404S: 357.0652.

4.3.9. 2-((4-Ox0-3,4-dihydroquinazolin-2-yl)thio)-N-(4-propylphenyl)acetamide (9i):
Yield 75%; m.p.: 209.8 — 212.1 °C; HPLC 95% (tr = 17.83 min); *H NMR (400 MHz,
DMSO-dg) o ppm 0.87 (t, J = 8.1 Hz, 3 H), 1.51-1.60 (m, 2 H), 2.47-2.52 (m, 2 H), 4.19
(s,2H),7.13(d,J=7.6 Hz,2H),7.42 (t,J=7.6 Hz, 1 H), 7.51 (d,J=6.8 Hz, 3H), 7.76
(t, J=7.6 Hz, 1 H), 8.05 (d, J = 7.8 Hz, 1 H), 10.29 (s, 1 H), 12.70 (s, 1 H). *C NMR
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(101 MHz, DMSO-ds) & ppm 13.5, 24.0, 35.1, 36.6, 119.2, 119.9, 125.7, 125.8, 126.0,
128.5, 134.6, 136.6, 137.2, 148.2, 155.3, 161.0, 165.6; FTMS (ESI) m/z 354.1236
[M+H]"; calcd for C19H19N302S: 354.1271.

4.3.10. 2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-(4-pentylphenyl)acetamide  (9j):
Yield 88%; m.p.: 218.2 — 219.6 °C; HPLC 94% (tr = 18.52 min); *H NMR (400 MHz,
DMSO-ds) 5ppm 0.85 (t, J = 8.0 Hz, 3 H), 1.20-1.28 (m, 4 H), 1.51-1.57 (m, 2 H), 2.49-
2.54 (m, 2 H), 4.17 (s, 2 H), 7.12 (d, J = 8.3 Hz, 2 H), 7.42 (t, J = 7.9, 1 H), 7.48-7.50 (m,
3H),7.75(td, J=7.6, 1.6 Hz, 1 H), 8.04 (dd, J = 7.9, 1.3 Hz, 1 H), 10.27 (s, 1 H), 12.69
(s, 1 H). 3C NMR (101 MHz, DMSO-ds) Sppm 13.8, 21.9, 30.6, 30.8, 34.5, 35.1, 119.2,
119.9,125.7,125.8, 126.0, 128.4, 134.6, 136.5, 137.4, 148.2, 155.2, 161.0, 165.6; FTMS
(ESI) m/z 382.1546 [M+H]"; calcd for C21H23N30,S: 382.1584.

4.3.11. N-(Naphthalen-2-yl)-2-((4-oxo0-3,4-dihydroquinazolin-2-yl)thio)acetamide (9K):
Yield 81%; m.p.: 219.3 — 221.5 °C; HPLC 95% (tr = 17,37 min); *H NMR (400 MHz,
DMSO-ds) Sppm 4.25 (s, 2 H), 7.36-7.43 (m, 3 H), 7.47 (t, J = 7.3 Hz, 2 H), 7.62 (d, J =
8.8 Hz, 1 H), 7.72 (t, J = 8.2 Hz, 1 H), 7.80 (dd, J = 11.1, 8.2 Hz, 1 H), 7.86 (d, J = 8.8
Hz, 1 H), 8.03 (d, J=8.1 Hz, 1 H), 8.29 (s, 1 H), 10.57 (s, 1 H), 12.70 (s, 1 H). *3C NMR
(101 MHz, DMSO-ds) Sppm 35.2, 115.3,119.8, 119.9, 124.6, 125.7, 125.8, 126.0, 126.4,
127.3,127.4,128.4, 129.8, 133.4, 134.6, 136.5, 148.2, 155.3, 161.1, 166.1; FTMS (ESI)
m/z 362.0942 [M+H]"; calcd forC2oH1sN30,S: 362.0958.

4.3.12. (S)-2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-(1,2,3,4-
tetrahydronaphthalen-2-yl)acetamide (9l): Yield 37%; m.p.: 244.1 — 245.0 °C; HPLC
93% (tr = 17.31 min); *H NMR (400 MHz, DMSO-ds) & ppm 1.67-1.73 (m, 2 H), 1.87-
1.91 (m, 2 H), 2.67-2.78 (m, 2 H), 3.95-4.04 (m, 2 H), 4.94-5.00 (m, 1 H), 7.01 (t, J = 7.3
Hz, 1 H), 7.08 (d, J =7.1 Hz, 1 H), 7.11-7.17 (m, 2 H), 7.41-7.46 (m, 2 H), 7.77 (t, J =
7.7 Hz, 1 H), 8.04 (d, J = 7.8 Hz, 1 H), 8.60 (d, J = 8.8 Hz, 1 H), 12,66 (s, 1H). *C NMR
(101 MHz, DMSO-ds) 6 ppm 19.9, 28.6, 29.6, 33.9, 46.9, 119.9, 125.6, 125.6, 125.8,
125.9, 126.6, 128.0, 128.6, 134.4, 136.9, 137.1, 148.2, 155.3, 161.0, 166.3; FTMS (ESI)
m/z 366.1269 [M+H]*; calcd for C20H19N30>S: 366.1271.

4.3.13. (R)-2-((4-Oxo0-3,4-dihydroquinazolin-2-yl)thio)-N-(1,2,3,4-
tetrahydronaphthalen-2-yl)acetamide (9m): Yield 80%; m.p.: 241.2 — 242.7 °C; HPLC
96% (tr = 17.28 min); 1H NMR (400 MHz, DMSO-ds) 6 ppm 1.66-1.72 (m, 2 H), 1.85-
1.92 (m, 2 H), 2.64-2.73 (m, 2 H), 3.94-4.03 (m, 2 H), 4.96-5.00 (m, 1 H), 6.98-7.16 (m,
4 H), 7.40-7.44 (m, 2 H), 7.76 (t, J = 7.1 Hz, 1 H), 8.03 (d, J = 7.8 Hz, 1 H), 8.58 (d, J =
8.6 Hz, 1 H), 12.66 (s, 1 H). **C NMR (101 MHz, DMSO-ds) & ppm 19.9, 28.6, 29.6,
33.9, 46.9, 119.9, 125.6, 125.6, 125.8, 125.9, 126.6, 128.0, 128.6, 134.4, 136.9, 137.1,
148.2, 155.3, 161.0, 166.3.; FTMS (ESI) m/z 366.1268 [M+H]"; calcd for C2oH19N305S:
366.1271.

4.3.14. N-Cyclohexyl-2-((4-ox0-3,4-dihydroquinazolin-2-yl)thio)acetamide (9n): Yield
65%; m.p.: 219.0 — 221.3 °C; HPLC 91% (tr = 16.17 min); *H NMR (400 MHz, DMSO-
ds) 5 ppm 1.08-1.30 (m, 5 H), 1.52 (m, 1 H), 1.65-1.74 (m, 4 H), 3.50-3.60 (m, 1 H, 1’-
H), 3.92 (s, 2 H, 9-H), 7.42 (td, J = 8.1, 1.5 Hz, 1 H, 6-H), 7.50 (d, J = 8.1 Hz, 1 H, 8-H),
7.77 (td, J=7.6,1.6 Hz, 1 H, 7-H), 8.03 (dd, J = 7.8, 1.5 Hz, 1 H, 5-H), 8.13(d, J = 7.6
Hz, 1 H, HN), 12.65 (s, 1 H, NH, 3-H). 3C NMR (101 MHz, DMSO-ds) & ppm 24.3,
25.1, 32.2, 34.1, 47.9, 119.9, 125.6, 125.7, 125.9, 134.5, 148.2, 155.3, 161.0, 165.8;
FTMS (ESI) m/z 318.1277 [M+H]*; calcd for C16H19N30,S: 318.1271.
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4.3.15. N-Cyclohexyl-N-methyl-2-((4-ox0-3,4-dihydroquinazolin-2-yl)thio)acetamide
(90): Yield 52%; m.p.: 184.2 — 185.2 °C; HPLC 97% (tr = 17.43 min); *H NMR (400
MHz, DMSO-de) 6ppm 1.07-1.11 (m, 2 H), 1.25-1.35 (m, 4 H), 1.43-1.47 (m, 5 H), 1.48-
1.57 (m, 4 H), 1.72-1.78 (m, 5 H), 2.74 and 3.01 (s, 2x NCH3), 3.78 and 4.21 (m, 2x CH),
4.23 and 4.34 (s, 2x CHy), 7.40-7.48 (m, 4x ArH), 7.74-7.79 (m, 2x ArH), 8.04 (d, J =
8.1, 2x ArH), 12.61 (s, 1 H, 2x HN). 3C NMR (101 MHz, DMSO-ds) 6 ppm 24.7, 24.9,
25.1,25.2,27.2,29.1, 29.6, 30.2, 33.1, 34.0, 52.5,56.1, 119.9, 125.5, 125.6, 125.7, 125.8,
125.9, 126.0, 134.5, 134.6, 148.2, 148.3, 155.2, 155.5, 161.0, 166.3; FTMS (ESI) m/z
332.1419 [M+H]"; calcd for C17H20N30,S: 332.1427.

4.3.16. N-(2-Methylcyclohexyl)-2-((4-oxo-3,4-dihydroquinazolin-2-yl)thio)acetamide
(9p): Yield 55%; m.p.: 230.2 — 232.8 °C; HPLC 91% (tr = 17.03 and 17.17 min); ‘H
NMR (400 MHz, DMSO-ds) oppm 0.81 (J = 6.6 Hz, 3 H), 0,93-1.02 (m, 1 H), 1.10-1,39
(m, 4 H),1.59 (d, J=11.2 Hz, 1 H), 1.69 (q, J = 13 Hz, 2 H), 3.23-3.29 (m, 1 H), 3.89-
4.01(m,2H),7.42 (t,J=7.5Hz, 1 H), 7.50 (d, J =8.1 Hz, 1 H), 7.77 (t, J= 7.6 Hz, 1
H), 8.04 (d, J = 8.1 Hz, 2 H), 12.66 (s, 1 H). C NMR (101 MHz, DMSO-ds) & ppm
19.0, 25.0, 25.3, 32.7, 33.8, 34.1, 37.2, 49.2, 53.8, 119.9, 125.6, 125.8, 126.0, 134.5,
148.3, 155.4, 161.0, 166.1; FTMS (ESI) m/z 332.1414 [M+H]"; calcd for C17H21N30,S:
332.1427.

4.3.17. N-(3-Methylcyclohexyl)-2-((4-oxo-3,4-dihydroquinazolin-2-yl)thio)acetamide
(99): Yield 35%; m.p.: 219.2 — 223.2 °C; HPLC 94% (tr = 17.24 and 17.47 min); 1H
NMR (400 MHz, DMSO-ds) ¢ ppm 0.71-0.90 (m, 7 H), 1.00-1.10 (m, 1 H), 1.20-1.29
(m, 2 H), 1.35-1.51 (m, 2 H), 1.58 (d, J =12.5 Hz, 1 H), 1.75 (d, J = 11.7 Hz, 2 H), 3.52-
354 (m,1H),391(s,2H),7.42(t,J=8.1,1H),750(d,J=81Hz, 1 H), 7.77 (t, J =
7.7Hz, 1 H), 8.04 (d, J=8.1 Hz, 1 H), 8.12 (d, J = 7.1 Hz, 1 H), 12.64 (s, 1 H). **C NMR
(101 MHz, DMSO-ds) 6 ppm 22.2, 24.4, 31.3, 31.9, 33.8, 34.2, 41.2, 48.3, 120.0, 125.6,
125.8,126.0, 134.4, 148.3, 155.3, 161.0, 165.9; FTMS (ESI) m/z 332.1415 [M+H]*; calcd
for C17H21N30-S: 332.1427.

4.3.18. N-(4-Methylcyclohexyl)-2-((4-oxo-3,4-dihydroquinazolin-2-yl)thio)acetamide
(9r): Yield 45%; m.p.: 199.2 — 200.8 °C; HPLC 90% (tr = 17.23 min); *H NMR (400
MHz, DMSO-dg) ¢ ppm 0.80 (d, J = 6.6 Hz, 3 H), 0.84 (d, J = 6.6 Hz, 1 H), 0.89-0.99
(m, 1H), 1.14-1.23 (m, 4 H), 1.39-1.48 (m, 6 H), 1.55-1.65 (m, 3 H), 1.77 (d, J = 11.0 Hz,
1 H),3.5(m, 1 H)4.2 (5,2 H), 7.3-7.4 (m,3 H), 7.4 (t, J=7.3 Hz, 2 H), 7.6 (d, J = 8.8
Hz, 1H), 7.7 (t, J=8.2 Hz, 1 H), 7.8 (dd, J = 11.1, 8.2 Hz, 1 H), 7.9 (d, J = 8.8 Hz, 1 H),
8.0 (d, J = 8.1 Hz, 1 H), 8.3 (s, 1 H), 10.6 (s, 1 H), 12.7 (s, 1 H). *C NMR (101 MHz,
DMSO-ds) 6 ppm 35.2, 115.3, 119.8, 119.9, 124.6, 125.7, 125.8, 126.0, 126.4, 127.3,
127.4, 128.4, 129.8, 133.4, 134.6, 136.5, 148.2, 155.3, 161.1, 166.1; FTMS (ESI) m/z
332.1414 [M+H]"; calcd for C17H21N30,S: 332.1427.

4.3.19. N-(trans-4-Methylcyclohexyl)-2-((4-oxo-3,4-dihydroquinazolin-2-

yhthio)acetamide (9s): Yield 59%; m.p.: 223.4 — 225.8 °C; HPLC 91% (tr=17.29 min);
'H NMR (400 MHz, DMSO-ds) & ppm 0.85 (d, J = 6.6 Hz, 3 H), 0.92-0.99 (m, 2 H),
1.13-1.23 (m, 2 H), 1.26-1.35 (m, 1 H), 1.65 (d, J =11.7 Hz, 2 H), 1.76 (d, J = 11.0 Hz,
2 H), 3.47-350 (m, 1 H),391(s,2H),742(t,J=81Hz,1H),749(d, J=8.1Hz 1
H), 7.77 (td, J=7.7, 1.5 Hz, 1 H), 8.03 (dd, J =8.1,1.5Hz,1 H),811(d, J=7.1Hz, 1
H), 12.65 (s, 1 H). 13C NMR (101 MHz, DMSO-ds) 6 ppm 22.0, 31.3, 32.1, 33.4, 34.1,
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48.2, 119.9, 125.6, 125.8, 125.9, 134.5, 148.3, 155.3, 161.0, 165.9; FTMS (ESI) m/z
332.1433 [M+H]"; calcd for C17H21N30O2S: 332.1427.

4.3.20. N-Cyclopentyl-2-((4-oxo0-3,4-dihydroquinazolin-2-yl)thio)acetamide (9t): Yield
60%; m.p.: 214.5 - 242.9 °C; HPLC 98% (tr = 16.38 min); *H NMR (400 MHz, DMSO-
de) oppm 1.38-1.41 (m, 2 H), 1.47-1.51 (m, 2 H), 1.57-1.64 (m, 2 H), 1.73-1.81 (m, 2 H),
3.90 (s, 2 H), 3.95-4.03 (m, 1 H), 7.41 (td, J = 8.1, 1.5 Hz, 1 H), 7.48 (d, J = 8.1 Hz, 1 H),
7.76 (td, J = 8.4, 1.5 Hz, 1 H), 8.02 (dd, J = 8.1, 1.5 Hz, 1 H), 8.20 (d, J = 7.1 Hz, 1 H),
12.64 (s, 1 H). C NMR (101 MHz, DMSO-ds) & ppm 23.3, 32.1, 34.0, 50.6, 119.9,
125.6, 125.7, 125.9, 134.5, 148.2, 155.3, 161.0, 166.2; FTMS (ESI) m/z 304.1119
[M+H]"; calcd for C15H17N30S: 304.1114.

4.3.21. N-Cycloheptyl-2-((4-o0x0-3,4-dihydroquinazolin-2-yl)thio)acetamide (9u): Yield
76%; m.p.: 223.0 — 223.3 °C; HPLC 97% (tr = 17.26 min); *H NMR (400 MHz, DMSO-
ds) oppm 1.33-1.55 (m, 10 H), 1.75-1.16 (m, 2 H), 3.72-3.75 (m, 1 H), 3.91 (s, 2 H), 7.42
(td, J=8.0, 1.2 Hz, 1 H), 7.49 (d, J = 8.1 Hz, 1 H), 7.77 (td, J = 8.4, 1.5 Hz, 1 H), 8.01
(dd, J=7.8, 1.5 Hz, 1 H), 8.16 (d, J = 7.8 Hz, 1 H), 12.65 (s, 1 H). 3C NMR (101 MHz,
DMSO-dg) o ppm 23.6, 27.7, 34.0, 50.0, 119.9, 125.6, 125.7, 125.9, 134.5, 148.2, 155.3,
161.0, 165.5; FTMS (ESI) m/z 332.1432 [M+H]*; calcd for C17H21N30,S: 332.1427.

4.3.22. N-Benzyl-2-((4-oxo-3,4-dihydroguinazolin-2-yl)thio)acetamide (9v): Yield 41%;
m.p.: 188.8 —191.6 °C; HPLC 96% (tr = 16.32 min); *H NMR (400 MHz, DMSO-ds) 6
ppm 4.03 (s, 2 H), 4.31 (d, J = 6.1 Hz, 2 H), 7.18-7.26 (m, 5 H), 7.41-7.48 (m, 2 H), 7.77
(td,J=7.7,15Hz,1H),8.04 (dd, J=7.8, 1.5 Hz, 1 H), 8.71 (t, J = 5.7 Hz, 1 H), 12.64
(s, 1 H). 3C NMR (101 MHz, DMSO-ds) 6 ppm 33.7, 42.4, 119.9, 125.6, 125.9, 126.6,
126.9, 128.1, 134.5, 139.0, 148.2, 155.1, 161.0, 166.9; FTMS (ESI) m/z 326.0924
[M+H]"; calcd for C17H15sN302S: 326.0958.

4.3.23. N-(Cyclohexylmethyl)-2-((4-oxo-3,4-dihydroquinazolin-2-yl)thio)acetamide
(9w): Yield 46%; m.p.: 231.0 — 231.9 °C; HPLC 97% (tr = 17.20 min); *H NMR (400
MHz, DMSO-dg) 6ppm 0.78-0.87 (m, 2 H), 1.05-1.10 (m, 3 H), 1.36-1.40 (m, 1 H), 1.57-
1.64 (m, 5 H), 2.93 (t, J = 6.4 Hz, 2 H), 3.93 (s, 2 H), 7.42 (td, J = 8.1, 1.5 Hz, 1 H), 7.50
(d,J=8.1Hz, 1 H),7.76 (td, J = 7.7, 1.5 Hz, 1 H), 8.03 (dd, J = 7.8, 1.2 Hz, 1 H), 8.15
(t, J=7.8 Hz, 1 H), 12.64 (s, 1 H). 3C NMR (101 MHz, DMSO-ds) & ppm 25.2, 25.8,
30.2, 33.8, 37.4, 45.1, 119.9, 125.6, 125.8, 125.9, 134.4, 148.2, 155.2, 161.0, 166.7,
FTMS (ESI) m/z 332.1432 [M+H]*; calcd for C17H21N30,S: 332.1427.

4.3.24. (S)-N-(1-Cyclohexylethyl)-2-((4-oxo-3,4-dihydroquinazolin-2-
yl)thio)acetamide (9x): Yield 59%; m.p.: 232.5—-236.7 °C; HPLC 91% (tr=17.42 min);
'H NMR (400 MHz, DMSO-ds) 6 ppm 0.84-1.13 (m, 7 H), 1.01 (d, J = 6.8 Hz, 3 H),
1.22-1.26 (m, 1 H), 1.54-1.69 (m, 6 H), 3.58-3.67 (m, 1H), 3.89 (d, J = 14.9 Hz, 1 H),
3.98(d,J=149Hz,1H),742(t,J=75Hz,1H),751(d,J=81Hz, 1 H),7.77 (t,J =
7.1Hz, 1 H),7.97 (d, J=7.8 Hz, 1 H), 8.04 (d, J = 8.6 Hz, 1 H), 12.65 (s, 1 H). 1*C NMR
(101 MHz, DMSO-ds) 6 ppm 17.5, 18.4, 25.6, 25.8, 28.5, 28.7, 34.0, 42.4, 49.0, 56.0,
119.5, 119.9, 125.6, 125.8, 125.9, 134.5, 148.2, 155.3, 161.0, 166.1; FTMS (ESI) m/z
346.1577 [M+H]"; calcd for C1sH23N30-S: 346.1584.

4.3.25. (R)-N-(1-Cyclohexylethyl)-2-((4-ox0-3,4-dihydroquinazolin-2-
ylthio)acetamide (9y): Yield 82%, m.p.:217.2 — 217.9 °C; HPLC 91% (tr= 17.81); *H
NMR (400 MHz, DMSO-ds) ¢ ppm 0.83-0.95 (m, 2 H), 1.00 (d, J = 6.8 Hz, 3 H), 1.03-
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1.16 (m, 2 H), 1.23-1.29 (m, 1 H), 1.53-1.69 (m, 5 H), 3.57-3.64 (m, 1 H), 3.89 (d, J =14.9
Hz,1H),3.98 (d,J=149Hz, 1 H), 7.42 (t, J = 7.5 Hz, 1 H), 7.50 (d, J = 8.1 Hz, 1 H),
7.77 (t, J=7.6 Hz, 1 H), 7.97 (d, J = 7.8 Hz, 1 H), 8.04 (d, J = 8.6 Hz, 1 H), 12.66 (s, 1
H). *C NMR (101 MHz, DMSO-dg) sppm 17.5, 25.6, 25.8, 28.5, 28.7, 34.0, 42.4, 49.0,
119.9, 125.6, 125.8, 125.9, 134.5, 148.2, 155.3, 161.0, 166.0; FTMS (ESI) m/z 346.1606
[M+H] *; calcd for C1sH23N30,S: 346.1584.
4.3.26. 2-((2-Oxo-2-(piperidin-1-yl)ethyl)thio)quinazolin-4(3H)-one (92): Yield 72%;
m.p.: 118.5 - 121.0 °C; HPLC 98% (tr = 16.34 min); *H NMR (400 MHz, DMSO-ds) &
ppm 1.46 (m, 2 H), 1.62 (m, 4 H), 3.55 (m, 2 H), 3.51-3.56 (m, 2 H), 4.29 (s, 2 H), 7.42
(t,J=75Hz,1H),750(d,J=81Hz,1H),7.76 (t, J=7.2Hz, 1H),8.04(d,J=7.6
Hz, 1 H), 12,62 (s, 1H). 3C NMR (101 MHz, DMSO-ds) 6 ppm 23.8, 25.2, 26.0, 33.3,
42.7, 46.6, 119.9, 125.6, 125.8, 126.0, 134.5, 148.2, 155.4, 161.0, 165.0; FTMS (ESI)
m/z 304.1117 [M+H]*; calcd for C15H17N302S: 304.1140.
4.4 Mycobacterium tuberculosis inhibition assay

The measurement of the minimum inhibitory concentration (MIC) for each tested
compound was performed in 96-well U-bottom polystyrene microplates. Isoniazid
(positive control) and the compound solutions were prepared at 1 mg/mL concentration
in dimethylsulfoxide (DMSQO). They were diluted in Middlebrook 7H9 medium
containing 10% ADC (albumin, dextrose, catalase) to a concentration between 10 and 20
pug/mL of each compound containing 5% DMSO. Serial two-fold dilutions of each drug
in 100 pL of Middlebrook 7H9 medium containing 10% ADC were prepared directly in
96-well plates at concentration ranges of 10.0 to 0.02 pg/mL, or 0.02 to 0.0004 pg/mL.
Growth controls containing no antibiotics, and sterile controls without inoculation, were
included. The MIC was determined for M. tuberculosis H37Rv and for the clinical isolates
CDCT10 (1009/09), CDCT16 (630/08), CDCT27 (0128/09) and CDCT28 (1051/10).
Mycobacterium strains were grown in Middlebrook 7H9 containing 10% OADC (oleic
acid, albumin, dextrose and catalase) and 0.05% Tween 80. The cells were vortexed with
sterile glass beads (4 mm) for 5 min to disrupt any clumps and were allowed to settle for

20 min. The supernatant was measured spectrophotometrically at an absorbance of 600

nm. The Mtb suspensions were divided into aliquots and stored at —20 °C. Each
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suspension was appropriately diluted in Middlebrook 7H9 broth containing 10% ADC to
achieve an optical density at 600 nm of 0.006, and 100 pL was added to each well of the
plate except the sterile controls. A 2.5% DMSO final concentration was maintained in
each well. The plates were covered, sealed with parafilm, and incubated at 37 °C. After 7
days of incubation, 60 pL of 0.01% resazurin solution was added to each well, and the
samples were incubated for an addition 48 h at 37 °C [16, 17]. A change in color from
blue to pink indicated bacterial growth, and the MIC was defined as the lowest drug
concentration that prevented the color change. Three tests were performed independently,
and the MIC values reported here were observed in at least two experiments, or they were

the highest values observed among the three assays.

4.5 Cytotoxicity investigation

Cellular viability determination after incubation with the test compounds was
performed by using two different methods: the neutral red uptake assay [19] and the MTT
method [10]. Briefly, HepG2, HaCat, and Vero cells were grown in DMEM media
(Dulbecco's Modified Eagle Medium) supplemented with 10% inactivated fetal bovine
serum and 1% antibiotic (penicillin-streptomycin). Cells were seeded at 2 x 10% (HepG2
or HaCat) or 1 x 10° cells/well (Vero) in a 96-well microtiter plate and incubated for 24
h. The medium was carefully aspirated and replaced with 90 uLL. DMEM, and 10 pL of
the different treatment drugs, resulting in a final concentration of 10 pg/mL (DMSO 2%,
v/v). Test compounds were incubated with the cell lines for 72 h at 37 °C under 5% CO..
For the MTT assay, the cultures were incubated with MTT reagent (1 mg/mL) for 3 h.
The formazan crystals were dried in room temperature for at least 24 h and dissolved in

DMSO. The absorbance was measured at 595 nm (Spectra Max M2e, Molecular Devices,
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USA). The precipitated purple formazan crystals were directly proportional to the number
of live cells with active mitochondria.

For the neutral red assay, after 72 h of incubation with the compounds, cells were
washed with PBS before the addition of 250 pL of neutral red dye solution (25 pg/mL,
Sigma) prepared in serum-free medium. The plate was incubated for additional 3 h at 37
°C under 5% CO». After incubation, cells were washed with PBS followed by incubation
with 100 pL of'a desorb solution (CH3COOH/EtOH/H20, 1:50:49) for 30 min with gentle
shaking to extract neutral red from the viable cells. The absorbance was analyzed at 540
nm using a microtiter plate reader. The percentage of cell viability for treated groups was
reported considering the control wells (DMSO 2%-treated) as 100% of cell viability: cell
viability (%) = (absorbance of treated wells/absorbance of control wells) x 100. Data were
expressed as mean of cell viability + standard error of mean of three independent
experiments performed in triplicate. The statistical analysis was accomplished by one-
way analysis of variance, followed by Bonferroni’s post-test, using GraphPad Prism 5.0
software (San Diego, CA, USA). Differences were considered significant at the 95% level

of confidence.

4.6 Treatment and Zebrafish embryo maintenance

Zebrafish embryos (AB strain) were obtained from natural mating of adult Danio
rerio bred and maintained in an automated re-circulating tank system (Tecniplast, Italy)
[21]. After spawning, viable embryos were collected and maintained in sterile petri
dishes, kept in an incubator with light-dark cycle of 14—10 h and controlled temperature
(28 °C) [21]. At 2 hpf (hours post-fertilization) embryos were treated with different
concentrations (3.0, 15.0 and 20.0 uM) of 3,4-dihydroquinazolin-4-ones 9n, 9p-s, 9u and

9w until 5 dpf (days post-fertilization). All compounds were diluted in 100% DMSO for
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stock solutions and diluted in fish water (Reverse Osmosis equilibrated with Instant
Ocean Salt) to final concentrations of 3.0, 15.0 and 20.0 uM (diluted in 1% DMSO). Since
compounds were diluted firstin DMSO, there were two control groups for each treatment:
one with fish water only and the other with 1% DMSO. Survival and hatching efficiency
were monitored daily under a stereomicroscope (Nikon, Melville, USA). All protocols
were approved by the Institutional Animal Care Committee from Pontifical Catholic

University of Rio Grande do Sul (CEUA-PUCRS, permit number 7249).

4.6.1 Morphological evaluation

Morphological evaluation larvae were monitored daily and registered at 2 and 5
dpf under a stereomicroscope (3%) (n = 30) The body length (um), ocular distance (um)
and surface area of the eyes (um?) was measured after photographical registration using
the software NIS-Elements D 3.2 for Windows, supplied by Nikon Instruments Inc.
(Melville, USA). The body length was considered as the distance from the center of an
eye to the tip of the tail bud. The ocular distance was assumed to be the distance between
the inner edge between the two eyes, and the size of the eyes was assumed as the surface

area of the eyes [22].

4.6.2 Cardiotoxicity and cardiac evaluation

Animals were analyzed for heartbeat rate at 2 and 5 dpf under a stereomicroscope
(n = 30). Treated larvae and controls were placed in petri dishes with mineral water and
their heart rate was monitored for 60 s. For all procedures, temperature was kept stable at

28 °C [23].
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4.6.3 Neurotoxicity and exploratory behavior evaluation.

Five-day-old larvae were placed individually in a 24-well plate filled with 3 mL
of water or respective solution treatment for exploratory performance analysis during a 5
min session following 1 min acclimation [25]. The performance was video-recorded for
automated analysis using EthoVision XT software (version 11.5, Noldus), which is able
to track the swimming activity of the animals at a rate of 15 positions per second. Total
distance travelled (cm) was considered the parameter of exploration of a new environment

[22].

4.6.4 Statistical analysis for Zebrafish assays

Survival and hatching rate throughout the five days of experimental treatment was
analyzed by Kaplan-Meier test. Data of heartbeat rate, morphological evaluation and
exploratory behavior were evaluated using one-way ANOVA followed by post-hoc

Tukey’s test.
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1. IH NMR and 13C NMR spectra of synthesized compounds

66

5
3
0.97 2.04 205 1.06 114 117
_ D e— | e I
8.1 8.0 79 78 77 76 75 74 73 72 71 7.0 6.9 6.8 6.7
Chemical Shift (ppm)
q
v DMSO-d6 ™S
s <
; N |
J U Y .
081 0.94 196 197 113 192 315
=l Ll =l LR Hl =l
10‘.0 ' 9.‘5 ' 9.‘0 ' 8.‘5 ' 8.b ' 7.‘5 ' 7.b ' 6‘5 ' G.‘O ' 5‘5 ' 5.‘0 ' 4.‘5 ' 4.b ' 3.‘5 ' 3.b ' 2.‘5 ' 2.b ' 1.‘5 0.‘5 ' 6
Chemical Shift (ppm)
i ! f d]imidazol-2-yl)thi
Figure S1.“H RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(2-
methoxyphenyl)acetamide (6a) in DMSO-ds
DMS‘O-dG
2
8
o 8 8 I
& 3,:{ § DMSO-d6
| I's |
I —
|
gl|
5
N8
18 4
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 @
Chemical Shift (ppm)
3R
28
89
8
g
-3 n g
g g g3 8
b Tr § 7
S |
Pl
TMS
A A S gy WIS ERPPPR——o——
176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

Figure S2. ¥C RMN
methoxyphenyl)acetamide (6a) in DMSO-ds.

spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(2-



67

421

0.83

DMS‘O-dS

0.81

i
7 I
) ) ) L
0.50 406 425 2.00 317 248 478 324
= IS = H = == =l
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
110 105 10.0 95 9.0 85 8.0 75 70 6.5 6.0 55 50 45 4.0 35 30 25 20 15 10 05 0

Chemical Shift (ppm)

Figure S3.*H RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(4-
pentylphenyl)acetamide (6b) in DMSO-ds

DMS‘O-dG
g
g
"
8, g
N o
qe g o
d
]
8
B
2 |8
g 2 r
g g 3y g g
8 il 5g =t @
7 | g7 | | ™S
§ 3
| 8
T
J | " \‘
T~
168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

Figure S4.13C RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(4-
pentylphenyl)acetamide (6b) in DMSO-ds.



68

5 g ag o NH
2~399% 498,38
NENNIN ~ T "\ ~eRn
NN BN 5 (0]
™S
< T
217 218 234 225
| —
T T T T T T T T T T T
76 75 7.4 73 72 71 7.0 69 ) 3
Chemical Shift (ppm) <
&
i ™
']
o
.

0.82

__)L /‘ /

218 234 2.00 321 229 842 3.20

= - I =l ==l =l
' 10‘0 9.‘5 9‘0 8.‘5 8.‘0 7.‘5 ' 7.‘0 6.‘5 5.‘[} 5.‘5 5.‘0 4.‘5 ' 4.‘0 3.‘5 3.b 2.‘5 2.b 1.‘5 ' 1.‘0 ' 0.‘5 6
Chemical Shift (ppm)
- 1 - - -
Figure S5.“H RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(4-
heptylphenyl)acetamide (6¢) in DMSO-ds
g
8 g
7 3
8 3 @
g 8 ‘
8| |8
| | ™S
| | § DMSO-d6
] . I
| 2 i \”\% DM L
5
& g 5 aB® g5 |
N T B SEe B
5 R 8
g
&
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)
L &
87 . g | 2
il g B4 8
[ 2 [
N < Qe 30
g 5 % &% . . 4|
[ g T -8 z g \
| § y g ™S
J T | | |
| | ) _— il
168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

Figure S6.*C RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(4-
heptylphenyl)acetamide (6¢) in DMSO-de.



69

@giﬁgm o

T™S
@
2
1.00 1.03 216 1.08 305 112 201
=l = = o
T T T T LSS AARLL LA AN Sk LA LA LRI MK L T T
83 8.2 81 8.0 79 78 77 7.6 75 74 73 72 71 70 69 68
Chemical Shift (ppm)
DMSP—dG
g LJJ
S
B
b ) | |
0.82 1.00 216 305 201 2.00
H H LHOHERL B H
115 11.0 10.5 100 95 9.0 85 8.0 75 70 6.5 6.0 55 50 45 4.0 35 30 25 20 15 10 0.5 0
Chemical Shift (ppm)

Figure S7.*H RMN spectrum of 2-((1H-benzo[d]imidazol-2-yl)thio)-N-(naphthalen-2-

yl)acetamide (6d) in DMSO-ds

*Q
«
o
8§
~
&
o
o
3
S8 3 g
818 &
g7 @
R
TMS
I J,
@
J 203 DM~
. 3 a b |
g K 1 @
8 3 N ]
w 3 IS
DARALARAAA BARAL RALA NAALLLAAS L A A AL S A A N AR A A A A A R A A AR AR AR SR AR T
184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

Figure S8.3C RMN spectrum of 2-((1H-benzo[d]imidazol-2-yl)thio)-N-(naphthalen-2-

yl)acetamide (6d) in DMSO-ds.



70

423

T T JRARMLAMAA ALY T
7.40 7.35 7.30 725 720 7.15 7.10 7.05

T
7.50 7.45

Chemical Shift (ppm)
b}
~ DMSO-dé
o~
o 3
e i
o 4=
Q
w ~ o
g 02
NS
&
~
< 3
S ~
|
J L )
i |
1) A L._/’\—J‘
1.03 204 314 2.00 441 2.30
— WEH L Ll Ll
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0

Chemical Shift (ppm)

Figure S9.'H RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(2,3-dihydro-
1H-inden-5-yl)acetamide (6€) in DMSO-de.

DMSO-d6
DMSO0-d6

—25.05

—165.80

L 14001

L 112
/13860

———137.01

e

ST
8TSTT—

ETT—

.
R
N
©
&8

170 160 150 140 130 1

R

0 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

121.33
—32.40
—25.04

3160

—36.15

168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

Figure S10. 3C RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(2,3-dihydro-
1H-inden-5-yl)acetamide (6e) in DMSO-ds.



@
a
~

®
a
~

71

~NH
lNZ/)\S/Bﬁg]/NH

3.87

DMS‘O'dG

0.64 2.06 2.00 315 200 119 489 6.32
=l I =l | = — e
e 1 A "
Chemical Shift (ppm)
Figure S11.H RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-
cyclohexylacetamide (6f) in DMSO-ds
DMS‘OrdG
& < 2 §$:§
S ~ i Q ol g
:Tg E‘ §§ ] KLJ ™S
e l I 1[ l ;
1
4
N
. S
8 o
2 8 DMSP-dG
e L A R R 3
Chemical Shift (ppm)
5
8
Q
S
8 a
g
&
. N
s
o i ™S
8
3
|
" m | i T [ | ™ -
168 160 152 144 136 128 120 112 104 96 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

Figure S12. 3C RMN spectrum 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-

cyclohexylacetamide (6f) in DMSO-ds.



72

%)
s-
=

8E'L
8L
OF'L~6E" L\
o4 y

'L+
Nw.hx\‘

2.82

ERRE
73

ERRE!
74

Chemical Shift (ppm)

Chemical Shift (ppm)

DMSO-dé

4.0 3.9 38
Chemical Shift (ppm)

41

297

4,09

282 200

756
] e lhH

H

—

1.06
—

0.41
_

Chemical Shift (ppm)

((1H

-(2-

N

yl)thio)

2

Benzo[d]imidazol-

'H RMN spectrum of 2
methylcyclohexyl)acetamide (6g) in DMSO-ds

Figure S13.

DMS‘O-dG

24

32

56 48

64

160 152 144 136 128 120 112 104 Chersteal it o)
Figure S14. 3C RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(2-
methylcyclohexyl)acetamide (6g) in DMSO-de.

168



73

081 084

L
T
165 125 3.60 261 0.03 5.46 O

Chemical Shift (ppm)

TMS

3.98
0.86

0.84

DMS‘OVdG

0.240.75 193 177 0.18 193
== — =l — A — _
T T e e e
100 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 20 15 10 05 0
Chemical Shift (ppm)

Figure S15.'H RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(3-
methylcyclohexyl)acetamide (6h) in DMSO-ds

DMSO-dé

12125

T IAARALARAA RARAARLIAN IARRALARAA) AR RARAN T T T T
176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

Figure S16. *C RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(3-
methylcyclohexyl)acetamide (6h) in DMSO-d.



74

75 74 73 72 71 70 6.9 6.8 6.7
Chemical Shift (ppm)

TMS
2.03 210 229 7.01 4.34 228 288 3.00
[l e R i " I P | S8 g
ALl A A AT AR A SARAAAE LA A0t A kAn Aty kA ey AR R SR A SR A A S S
19 18 17 16 15 14 13 12 11 10 0.9 08 0.7 0.6 05 04 EB 58
Chemical Shift (ppm) 38
2

7.37

DMS‘O-dG

7.40

Y

0.97 0.71 3.95 2.03 3.07 111 203 2297.01 434 3.00
=l =l =l Lkl EL| =H I =kl I
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
95 9.0 85 80 75 70 6.5 6.0 55 5.0 45 4.0 35 30 25 20 15 10 05 0

Chemical Stift (ppm)

Figure S17.*H RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(4-
methylcyclohexyl)acetamide (6i) in DMSO-ds

DMS‘O-GB
g
3
&
& g
£ &
a
© ) R
8 2 a
] @
8| g 8l
< - s
5 ! 2
= <
o % I
85 . g R
gk g S ¥ 8| 5
ks
Vo 83 83 . &
8 I'g a N & ™S
S M g = ) V
N Ie i 8
/
- I o n T | " } " A .
W Wi G o ot ol
T T T o [ e
160 152 144 136 128 1 1 96 72 64 56 48 40 32

Chemical Shift (ppm)

Figure S18.*C RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(4-
methylcyclohexyl)acetamide (6i) in DMSO-d.



75

3.92

DMS‘O-dG

0.73 1.95 2.09 2.68 2.00 1.04 210 200 293

—l —l —l _ —I =l = e
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 85 80 75 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 20 15 10 05 0

.Chemlcal Shift (ppm)

Figure S19.'H RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(trans-4-
methylcyclohexyl)acetamide (6j) in DMSO-de.

DMSO-d6
&3
88
2
Q
b
8 ™S
5lE 5 !
8| N
|
T 0 0 0 T [ e
168 160 152 144 136 128 120 112 104 % 88 80 72 64 56 a8 40 2 24 16 8 0

Chemical Shift (ppm)

Figure S20. *C RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(trans-4-
methylcyclohexyl)acetamide (6j) in DMSO-ds.



76

6k

s
4
D

(@]
N ™S
33
B
S
0.99 220 619 204
— —_ —_l
T T T T T T T T
85 80 75 70
Chemical Shift (ppm)
<
N
~
S
Q‘ <
R
9
~3
ow [/ 5Y
R
~ /
N )= —
82 - 8 DMSO-d6
373 g 8 !
Y 1 A
jf I /t NS
092 205578 227200
H Ll H L H
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 95 20 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0

’ Chemical Shift (ppm)

Figure S21.*H RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-
benzylacetamide (6k) in DMSO-d.

128.08
126.95

DMS‘U—UG

126.61
121.32

167.32
—138.93
—42.40

149.66

»l

168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift (ppm)

Figure S22. 3C RMN spectrum 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-
benzylacetamide (6k) in DMSO-ds.



77

4.00

7.44
742
713

olz olz o © 3
T ggasl AR b
RGN I
L J/
0.98 212 200 0.15
I Fl=| il H =] — =
L AR SRSE———
9.0 85 8.0 75 70 6.5 6.0 55 5.0 45 40 35 30 25 20 15 10 05 0

Chemical Shift (ppm)

Figure S23.H RMN spectrum of 2-((1H-Benzo[d]imidazol-2-yl)thio)-N-
(cyclohexylmethyl)acetamide (61) in DMSO-de

DMSP-dG
<
g 308
s S o
T T
8
=
T 8
8
g
S
3 3
~ <
3
. |
5 3
g
| o
~
o ] T™S
8 =] d
2 |
] )
n A ) .
PP P T [ e e
168 160 152 144 136 128 120 112 104 9 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)
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(cyclohexylmethyl)acetamide (61) in DMSO-ds.
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Figure S26. 3C RMN spectrum (S)-2-((1H-Benzo[d]imidazol-2-yl)thio)-N-(1-
cyclohexylethyl)acetamide (6m) in DMSO-ds.
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Figure S29.'H RMN spectrum of N-(4-Methoxyphenyl)-2-((4-0x0-3,4-
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Figure S32. C RMN spectrum of 2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-(p-
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Figure S43.H RMN spectrum of 2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-(4-
propylphenyl)acetamide (9i) in DMSO-de.
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Figure S44. 3C RMN spectrum of 2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-(4-
propylphenyl)acetamide (9i) in DMSO-de.
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Figure S45.*H RMN spectrum of 2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-(4-
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Figure S46. 3C RMN spectrum of 2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-(4-
pentylphenyl)acetamide (9j) in DMSO-de.
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Figure S47.H RMN spectrum of N-(Naphthalen-2-yl)-2-((4-ox0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9k) in DMSO-ds.
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Figure S48. C RMN spectrum of N-(Naphthalen-2-yl)-2-((4-0x0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9k) in DMSO-ds.
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Figure S50. 3C RMN spectrum of (S)-2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-
(1,2,3,4-tetrahydronaphthalen-2-yl)acetamide (91) in DMSO-ds.
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Figure S51. *H RMN spectrum of (R)-2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-
(1,2,3,4-tetrahydronaphthalen-2-yl)acetamide (9m) in DMSO-ds.
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Figure S52. 13C RMN spectrum of (R)-2-((4-Oxo-3,4-dihydroquinazolin-2-yl)thio)-N-
(1,2,3,4-tetrahydronaphthalen-2-yl)acetamide (9m) in DMSO-ds.
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Figure S53. 'H RMN spectrum of N-Cyclohexyl-2-((4-oxo-3,4-dihydroquinazolin-2-
yl)thio)acetamide (9n) in DMSO-ds.
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Figure S54. *°C RMN spectrum of N-Cyclohexyl-2-((4-0x0-3,4-dihydroquinazolin-2-
yl)thio)acetamide (9n) in DMSO-de.
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Figure S55. 'H RMN spectrum of N-Cyclohexyl-N-methyl-2-((4-0x0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (90) in DMSO-ds.
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Figure S57. 'H RMN spectrum of N-(2-Methylcyclohexyl)-2-((4-0x0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9p) in DMSO-ds.
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Figure S58. C RMN spectrum of N-(2-Methylcyclohexyl)-2-((4-0x0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9p) in DMSO-ds.
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Figure S59. 'H RMN spectrum of N-(3-Methylcyclohexyl)-2-((4-0x0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9q) in DMSO-ds.
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Figure S60. *C RMN spectrum of N-(3-Methylcyclohexyl)-2-((4-0x0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9q) in DMSO-de.
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Figure S61. H RMN spectrum of N-(4-Methylcyclohexyl)-2-((4-0x0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9r) in DMSO-ds.
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Figure S62. C RMN spectrum of N-(4-Methylcyclohexyl)-2-((4-0x0-3,4-

dihydroquinazolin-2-yl)thio)acetamide (9r) in DMSO-ds.



97

19 18 17 16 15 14 13 12 11 10 09 08 0.7 T™S

& 8
b DMSO-d6 c‘)
g
S
&
o
107 0.95 1.00 1.06 0.98
_— L
AR AR R AR AR MRS T T T T T
82 81 80 79 78 7.7 76 75 74 73
Chemical Shift (ppm)
8
KE88R, o
b Sl
[ Sl
o & (13
~ Sl
g3 1S A
g R bl i
q ~ f el ““
‘ /j | v
A [ / |
f | /|
_Jﬁ ) 7177 L.
0.83 107 1.001.06 200 128 2.65 238 310
 — =HOE e =l =l = =

A LA R LA A A A LA R RSN LA LA AL A R AN SRR LA AL B L L L L Ly AR A B A LA LN AL AN LA LA SN LA LA A RARR AL AR
125 120 115 11.0 105 10.0 95 9.0 85 8.0 6.0 55 50 45 40 35 30 25 20 15

T T T
75 70 6.5 10 05 0

Chemical Shift (ppm)

Figure S63. 'H RMN spectrum of N-(trans-4-Methylcyclohexyl)-2-((4-0x0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9s) in DMSO-de.
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Figure S64. ¥C RMN spectrum of N-(4-trans-Methylcyclohexyl)-2-((4-0x0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9s) in DMSO-de.
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Figure S65. 'H RMN spectrum of N-Cyclopentyl-2-((4-oxo-3,4-dihydroquinazolin-2-
ylhthio)acetamide (9t) in DMSO-ds.
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Figure S66. *C RMN spectrum of N-Cyclopentyl-2-((4-oxo-3,4-dihydroquinazolin-2-
ylhthio)acetamide (9t) in DMSO-ds.
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Figure S69. 'H RMN spectrum of N-Benzyl-2-((4-oxo0-3,4-dihydroquinazolin-2-
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Figure S71. 'H RMN spectrum of N-(Cyclohexylmethyl)-2-((4-0x0-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9w) in DMSO-ds.
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Figure S72. 3C RMN spectrum of N-(Cyclohexylmethyl)-2-((4-oxo-3,4-
dihydroquinazolin-2-yl)thio)acetamide (9w) in DMSO-ds.
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2. Determination of stability of the 3,4-dihydroquinazolin-4-ones 9n, 9p-s, 9u, and 9w in aqueous media.

Agueous stability was determined in PBS containing 10% DMSO at 25 °C and 37 °C (Table S1). The compounds were incubated for 0, 3, 6, 9,
12, 24 and 48 h and in each time point an aliquot of 200 pL was withdrawn and the measurement of remnant compounds concentration were
performed using HPLC. For each compound evaluated a calibration curve with acceptable validation parameters was constructed.

Table S1. Stability of 3,4-dihydroquinazolin-4-ones 9n, 9p-s, 9u, and 9w at 25 °C and 37 °C.

Stability (%E + SEM)
E;‘,tr 25 °C 37°C
oh | 3nh | 6h | 9h | 12h [ 24h | 48h oh [ 3h | 6h | 9h | 12h | 24h | 48h
100 108+ 100z 109 + 109+ 111+ 127+ 111+
on 13 14 118+9 101%5 T 0F 126%1 1004 cF 1233 12027 ;
100 + 122+ 127+ 138+ 142+
op T 1282 P &I E Y o 5. 100£8 927 756 712 70+4 815 801
100+ 101+ 102+ 100+ 102+ 100+ 101 +
0q Ty 8 s 1o 0 1o, 9517 100%5 96+8 o= 97+8 100+1 97%1 981
125+ 100+ 59 + 43+ 48+
or 1005 9713 976 99x3 1002 111x5 . 80£23 O 69x6 707 s
9s 100+7 76+14 67+18 64+6 47+18 26+24 20+9 101%i 83+5 87+6 77+3 70+4 51141' 50+ 6
ou 100+4 80+2 90+2 O91+6 92+2 122+5 123+4 100+3 81+3 67+4 68+12 81+11 662 71+1
gw 100x 103+ jio.4 11648 11241 114+3 125+8 109F gpgp5 109% 1122 111+ 104+ 1051

13 12 12 7 16 10 8 6
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CAPITULO 3
CONSIDERACOES FINAIS
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No presente trabalho foram obtidas duas séries de moléculas, sintetizadas
a partir da abordagem de hibridacdo molecular, envolvendo os nucleos
heterociclicos 1H-benzo[d]imidazol e 3,4-diidroquinazolin-4-ona como inibidores
do crescimento de Mycobacterium tuberculosis (Mtb). Todos os 39 compostos,
sendo 13 derivados contendo o nudcleo 1H-benzo[d]imidaol e 26 derivados
contendo o nucleo 3,4-diidroquinazolin-4-ona, foram caracterizados por técnicas

espectroscopicas.

Os compostos da classe 1H-benzo[d]imidazol foram obtidos em
rendimentos satisfatorios, variando entre 51 — 98% e com valores maiores ou
iguais a 90% para pureza relativa e devidamente caracterizados. Contudo, a
classe ndo mostrou inibicdo efetiva frente a cepa laboratorial de Mtb H37Rv
apresentando concentragdes inibitérias minimas maiores do que 16 pM.
Consequentemente, estes resultados n&o justificaram prosseguir com a
realizacdo dos ensaios de inibigcdo do crescimento em isolados clinicos de Mtb e
com os demais testes biolégicos propostos. Dessa forma, mais estudos devem
ser realizados visando a otimizacéo estrutural desta classe para obter estruturas

quimicas mais promissoras frente ao Mtb.

A série dos compostos hibridos contendo o anel heterociclico 2-mercapto-
quinazolinona foi obtida em rendimentos satisfatorios com valores de pureza
maiores ou iguais a 90%. Além disso, foram alcancados novos compostos anti-
TB. Na avaliacao da inibicdo do crescimento da cepa H37Rv de Mtb 7 compostos
demostraram valores promissores (< 1 pM) e, consequentemente, foram

selecionados para a realizacdo dos testes propostos no presente projeto.

Dando continuidade aos estudos de atividade biologica, estes 7
compostos (9n, 9p-s, 9u e 9w) foram entdo submetidos a testes de inibicdo de
crescimento frente a isolados clinicos de Mtb, demonstrando uma inibi¢éo efetiva
no crescimento dos isolados, com inibicbes melhores do que as apresentadas
pelo farmaco controle isoniazida (INH). Foram também realizados testes de
citotoxicidade, estabilidade, cardiotoxicidade, comportamento e morfologia em
peixe-zebra. Todos estes compostos se mostraram nao-citotoxicos nas
linhagens celulares HepG2, HaCat e Vero, sem cardiotoxicidade aparente e sem

efeito no comportamento e morfologia dos peixes-zebra.
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Por fim, os resultados sugerem que a exploracdo de novos grupamentos
funcionais e do estudo dos parametros fisico-quimicos envolvidos na relacao
entre a estrutura quimica com a atividade biolégica pode levar a novos

compostos efetivos na inibicdo do crescimento do Mtb.
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A Comiss3o de Etica no Uso de Animais da PUCRS aprediou e
aprovou o Projeto de Pesquisa "AVALIACAD DO3S PARAMETROS
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conforme previsto na Lei no. 11.784, de 08 de cutubre de 2008 (Lei Arcuca),
que regulamentia os procedimenios para o uso cientifico de animais, &
fungic da CEUA zelar pelo cumprimento dos procedimentos informados,
realizando inspegdes perodicas nos locais de pesguisa.
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