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Resumo

A tuberculose (TB) € uma doenca infecciosa causada principalmente por
Mycobacterium tuberculosis e é um dos problemas de saude publica mais
devastadores no mundo. Além disso, tratamentos de XDR-TB e MDR-TB séo
limitados e os medicamentos recomendados frequentemente nao estao
disponiveis, ressaltando uma necessidade urgente de novas alternativas anti-
TB. No presente estudo, uma série de 2-(quinolin-4-iloxi)acetamidas foi
sintetizada para posterior avaliagdo da concentracdo inibitéria minima (MIC)
frente a cepas de Mycobacterium tuberculosis (Mtb). Além disso, um estudo
preliminar da relagdo estrutura-atividade (SAR) também foi realizado. Os
compostos sintetizados foram avaliados no ensaio in vitro frente ao M.
tuberculosis cepas H37Rv e isolado clinico resistente a farmacos. Os
compostos mais ativos frente ao M. tuberculosis H37Rv (MIC < 1uM) foram
selecionados para estudos de viabilidade em células Vero. Os resultados
mostraram que o volume molecular e a hidrofobicidade na por¢cdo N-arilamida,
o efeito doador ligacdo de hidrogénio na porcdo acetamida e o receptor na
posicdo 4 do anel quinolinico representam trés grupos farmacoféricos
importantes para a acdo antimicobacteriana. Além disso, 0os compostos
sintetizados 6a, 6h, 12d-f, e 12i-n foram ativos frente a cepa resistente aos
medicamentos (MIC = 0,001 uM) com desprovida citotoxicidade aparente para
Vero (ICso = 20 uM). Portanto, estes dados indicam que esta classe de
compostos pode apresentar candidatos para o desenvolvimento futuro, e
oferecer alternativas de medicamentos para o tratamento da tuberculose.

Palavras-chave: Mycobacterium tuberculosis, antitubercular, quinolina, 2-
(quinolin-4iloxi)acetamidas, SAR.



Abstract

Tuberculosis (TB) is an infectious disease caused mainly by Mycobacterium
tuberculosis and is one of the most devastating public health problems
worldwide. Furthermore, MDR-TB and XDR-TB treatments are limited and
recommended medicines are often not available revealing an urgent need for
new anti-TB alternatives. In the present study, a series of 2-(quinolin-4-
yloxy)acetamides were synthesized for further evaluation of minimum inhibitory
concentration (MIC) against Mycobacterium tuberculosis (Mtb) strains.
Moreover, a preliminary structure-activity relationship (SAR) study was also
performed. The synthesized compounds were evaluated in a whole-cell assay
against M. tuberculosis H37Rv and drug-resistant clinical isolate. The most
active molecules against M. tuberculosis H37Rv (MIC <1uM) were selected for
cytotoxicity study in Vero cells. The results showed that the molecular volume
and hydrophobicity at the N-arylamide portion, the effect hydrogen bond donor
on the acetamide moiety and an H-bond acceptor at 4-position of the quinoline
ring represent three pharmacophoric groups important for antimycobacterial
action. Further, the synthesized compounds 6a, 6h, 12d-f, and 12i-n were
active against drug-resistant strains (MICs 2 0,001uM) with devoid of apparent
cytotoxicity to Vero (ICsos =2 20 uM). Therefore, these data indicate that this
class of compounds may furnish candidates for future development, and to
provide drug alternatives for tuberculosis treatment.

Keywords: Mycobacterium tuberculosis, antitubercular, quinoline, 2-(quinoline-
4-yloxy)acetamides, SAR.
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1 INTRODUCAO

1.1 TUBERCULOSE

A tuberculose (TB) é uma doenca infectocontagiosa, que ataca
principalmente o pulm&o, podendo ser contraida através do contato com o
Mycobacterium tuberculosis (M. tuberculosis), seu principal agente causador.
Segundo dados do relatério de 2015 da Organizacdo Mundial da Saude (OMS),
a TB foi responséavel pela morte de 1,5 milhdes de pessoas em 2014, sendo
que desses Obitos, 25% foram entre pacientes HIV positivos. No mesmo ano,
foram estimados 9,6 milh6es de novos casos de tuberculose, sendo que em
12% dos casos os pacientes eram HIV positivos (WHO, 2015). A TB € a
segunda maior causa de morte por doengas infecciosas em todo o mundo,
estando somente atrds da sindrome da imunodeficiéncia humana (SIDA)
(WHO, 2015). Esse panorama evidencia as propor¢des pandémicas da TB e as
razdes da doenca ser considerada um dos maiores problemas de saude
publica do mundo (WHO, 2015). Todos os paises do mundo tém registro de
casos de TB e, a cada ano, estima-se o0 surgimento de milhdes de novos
casos. O sudoeste asiatico e regibes do pacifico oeste contabilizaram 58% dos
casos de TB no ano de 2014. A regido da Africa soma a maior incidéncia de
casos e de mortes em relagdo ao total da populacdo. Em relacdo ao Brasil, no
ano de 2014, a OMS estimou o surgimento de 42 a 56 casos de TB a cada
100.000 habitantes (Figura 1). Dentre as capitais brasileiras, Porto Alegre é a
terceira com a maior incidéncia, registrando 100 novos casos de TB a cada
100.000 habitantes no ano de 2012, ficando atrds somente de Cuiaba e Recife,
com registros de 117 e 101 novos casos, respectivamente (Ministério da
Saude, 2012).
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Figura 1. Incidéncia da Tuberculose (WHO, 2015)

1.2 PATOGENESE

Embora o M. tuberculosis possa infectar diversos érgaos do hospedeiro
(TB extrapulmonar), a TB pulmonar € a manifestacdo mais comum (Kaufmann
SHE, 2001; Flynn JL, Chan J, 2001).

A infeccdo em humanos é normalmente adquirida pela inalacdo de
aerossois contendo um pequeno numero de bacilos (Kaufmann SHE, 2001;
Russell DG, 2007) através de goticulas (droplets) expelidas da garganta e dos
pulmdes de individuos que possuem a forma pulmonar ativa da doenca
(Kaufmann SHE, 2001; Lamichhane G, 2010). Uma vez nos pulmdes, 0s
bacilos sdo internalizados por fagocitose pelos macrofagos alveolares e
induzem uma resposta pro-inflamatoria localizada, que leva ao recrutamento de
outras células do sistema imune do hospedeiro, como neutréfilos, monaocitos e
células dendriticas (Russell DG, 2007; Ernst JD, 2012; Zahrt TC, 2003). Os
macrofagos alveolares ativados por estimulos especificos podem transferir o M.
tuberculosis fagocitado para os lisossomos, a fim de serem eliminados
(Kaufmann SHE, 2001). No entanto, o bacilo tem desenvolvido inumeras
estratégias que evitam a sua eliminacdo e permitem que o mesmo sobreviva

dentro dos macrofagos (Zahrt TC, 2003), uma vez que essas células séo
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capazes de conter o crescimento, mas ndo de eliminar o patdogeno (Flynn JL,
2001).

O primeiro mecanismo utilizado pelo hospedeiro para conter o
crescimento do M. tuberculosis durante a infeccdo persistente, bem como,
limitar o crescimento bacilar e a disseminacédo em sitios adicionais de infeccao,
é a formacdo dos granulomas (Zahrt TC, 2003). Granulomas sédo agregados
organizados de células imunes formados em resposta a um estimulo
persistente, de natureza infecciosa ou nao infecciosa, e representam a principal
caracteristica da TB (Ramakrishnan L, 2012). Eles sédo formados basicamente
por macroéfagos, linfécitos, neutrofilos, células dendriticas, fibroblastos e células
que secretam componentes da matriz extracelular (Figura 2) (Russell DG,
2007; Ramakrishnan L, 2012). Regibes de necrose (caseosas), formadas a
partir da morte dos componentes celulares, também sdo observadas
(Ramakrishnan L, 2012). Neste estagio, individuos capazes de impedir a
proliferacdo do M. tuberculosis desenvolvem uma infeccdo latente (sem
manifestacdo clinica da doenca) e assintomatica (Kaufmann SHE, 2005;
Lamichhane G, 2010), na qual o microrganismo se encontra em um estado
metabdlico reduzido (Kaufmann SH, 2005; Koul A et al., 2011).

Figura 2. Estrutura e constituintes celulares do granuloma da TB. (Ramakrishnan L,
2012)

Porém, a infeccdo de um individuo imunocomprometido tipicamente

resultara no estabelecimento de uma infeccdo aguda, caracterizada pela
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replicacdo bacilar descontrolada e disseminacdo do microrganismo. Neste
caso, os sintomas da doenca aguda incluem fadiga, perda de peso, febre baixa
e tosse cronica contagiosa (Zahrt TC, 2003).

Estima-se que um terco da populacdo mundial esta infectada com a
forma latente do M. tuberculosis e calcula-se que o risco de desenvolvimento
da doenca em pacientes saudaveis é de aproximadamente 10% ao longo da
vida (Lamichhane G, 2010). Além disso, acredita-se que 5% destes pacientes
saudaveis irdo desenvolver a TB ativa em algum estégio da vida (Koul A et al.,
2011). No entanto, estudos epidemiolégicos mostram que a coinfeccdo com o
HIV aumenta o risco anual de reativacdo da doenca para até 10% (Koul A et
al., 2011, Elston JW, Thaker HK, 2008; Parrish NM, Dick JD, Bishai WR, 1998).
Além da coinfeccdo com o HIV, a reativacdo da doenca é frequentemente
desencadeada por condi¢cdes que comprometem o sistema imune do paciente
tais como: casos de ma nutricdo, idade avancada, abuso de drogas, terapia
com imunossupressores ou diabetes (Russell DG, 2007; Parrish NM, Dick JD,
Bishai WR, 1998). A diminuicdo da resposta imune desencadeia uma série de
eventos que podem levar ao rompimento do granuloma, danos ao tecido
pulmonar e espalhamento de milhares de particulas infectadas atraves das vias
aéreas (Russell DG, 2007).

1.3 TRATAMENTO

Apesar de existirem diferentes regimes de tratamento contra a TB, a
OMS recomenda aquele conhecido como DOTS (do inglés, Directly Observed
Treatment Short Course) (Ducati RG et al., 2006). A quimioterapia consiste em
uma associagdo de farmacos de primeira linha — isoniazida (INH), rifampicina
(RIF), pirazinamida e etambutol - durante dois meses, seguida por quatro
meses com INH e RIF (Koul A et al., 2011; WHO, 2003; Ramaswamy S,
Musser JM., 1998), podendo curar até 95% dos casos de TB (Koul A et al.,
2011). Além disso, a estratégia do DOTS inclui outros cinco componentes: i)
estabelecer uma rede de individuos treinados a administrar e supervisionar o
DOTS; ii) criar laboratérios e profissionais habilitados para o diagnostico da TB;

iif) implementar um sistema de fornecimento confiavel de medicamentos de alta
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gualidade (preferencialmente, sem custo aos pacientes); iv) compromisso
governamental e v) sistema de monitoramento dos casos, tratamento e
resultados (WHO, 2003; Yew WW, Leung CC, 2008).

Essa estratégia tem prevenido a ocorréncia de novas infeccdes e,
principalmente, dificultado o surgimento de casos de TB resistente a multiplas
drogas (TB-MDR) (Ducati RG et al., 2006). No entanto, diversos fatores como o
aumento da prevaléncia de coinfecgcdo com o HIV, especialmente em areas
mais pobres, associado ao surgimento de cepas de M. tuberculosis resistentes
ao tratamento, levaram ao questionamento da efetividade do DOTS (Lienhardt
Cetal., 2012).

A falha do tratamento, definida como a presenca de culturas positivas
apos cinco meses de terapia apropriada (WHO, 2010), pode ser resultado da
falta de adeséo pelo paciente devido a duracdo e complexidade do tratamento
proposto, possiveis custos do tratamento inviabilizando sua continuidade,
efeitos adversos ou resisténcia do bacilo aos farmacos (Elston JW, Thaker HK,
2008; Ramaswamy S, Musser JM., 1998).

1.4 RESISTENCIA AOS FARMACOS

Uma potencial ameaca ao controle da TB é a emergéncia de linhagens
de M. tuberculosis que ndo podem ser contidas empregando-se as terapias
padrées anti-TB (Zager EM, McNerney R, 2008).

As micobactérias possuem uma alta taxa de resisténcia intrinseca a
maioria dos antibidticos e agentes quimioterdpicos devido a dificlil
permeabilidade da sua parede celular. No entanto, tal barreira ndo tem
capacidade suficiente para produzir niveis significativos de resisténcia, o que
requer um mecanismo adicional (Jarlier V, Nikaido H, 1994). No caso da TB, a
resisténcia aos farmacos é devida a mutacdes genéticas que resultam na perda
da susceptibilidade aos antimicrobianos. A resisténcia aos farmacos anti-TB
surge a partir da selecdo de cepas mutantes com resisténcia inata a agentes
individuais seguida da exposicdo a farmacos que ndo apresentam capacidade
esterilizante (Dorman SE, Chaisson RE, 2007). Farmacos de acao lenta,

prescricdo improépria, dificuldade de acesso aos medicamentos e sistemas de
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salde ineficientes, tém resultado em tratamento incompleto e relapso, podendo
assim gerar a supressao parcial do crescimento micobacteriano e favorecer o
surgimento de populagdes bacterianas resistentes a farmacos (Sacchettini JC,
Rubin EJ, Freundlich JS, 2008; Dorman SE, Chaisson RE, 2007).

A TB-MDR é definida como aquela na qual o paciente possui a doenca
ativa com bacilo resistente a, pelo menos, INH e RIF. A TB-MDR pode ser
contraida através de infeccdo com bacilos ja resistentes (resisténcia primaria)
ou pode ser desenvolvida no decorrer do tratamento (resisténcia adquirida)
(WHO, 2010). Embora o DOTS seja altamente eficiente no controle da TB
susceptivel a farmacos (ou resistente somente a INH), ele € comumente
insuficiente no controle da TB-MDR (Yew WW, Leung CC, 2008; WHO, 2010).
Casos de TB-MDR sédo mais dificeis de curar e requerem um tratamento com
medicamentos de segunda linha (fluoroquinolonas, aminoglicosideos,
tioamidas), os quais sdo menos efetivos e mais tdxicos, com excecdo de
algumas fluoroquinolonas, além de ter um custo mais elevado que os regimes
baseados em medicamentos de primeira linha (Yew WW, Leung CC, 2008;
Zager EM, McNerney R, 2008; Dorman SE, Chaisson RE, 2007; WHO, 2010).

Pacientes coinfectados com TB-MDR e HIV s&o os que possuem o pior
prognostico, uma vez que tal associacdo tem provocado altas taxas de
mortalidade, especialmente quando diagnosticada tardiamente (Elston JW,
Thaker HK, 2008; Yew WW, Leung CC, 2008). Pacientes com TB-MDR que
tiveram um periodo de infec¢do prolongado e aqueles coinfectados com HIV,
morreram nos dois primeiros meses de terapia (55%) (Kawai et al., 2006). Em
2014, estima-se que 12% das 9,6 milhdes de pessoas que desenvolveram TB
eram HIV-positivas, sendo a regido africana responsavel pela maioria desses
casos (74%) (WHO, 2015).

Portanto, é evidente a necessidade de melhora nas medidas de controle
de infeccdo e tratamento precoce com terapia antirretroviral para pacientes
portadores de HIV e TB-MDR. Essas providéncias sdo essenciais para que 0S
casos de TB-MDR sejam detectados e tratados adequadamente, reduzindo
assim o risco de infeccdo e mortalidade (Kawai et al., 2006; Jassal M, Bishai
WR, 2009).

Nos ultimos anos, casos de TB extensivamente resistente a farmacos

(TB-XDR) tém sido relatados em diversos paises. A definicdo mais recente
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para TB-XDR denota a condicdo em que os isolados séo resistentes a INH e
RIF, a alguma fluoroquinolona e a qualguer medicamento injetavel de segunda
linha (capreomicina, canamicina, amicacina), resultando em limitadas opc¢des
de tratamento (WHO, 2010).

Dados indicam que a TB-XDR esta difundida em 105 paises, com ao
menos um caso reportado e, que aproximadamente 9% dos casos de TB-MDR
sdo também XDR (WHO, 2015). Individuos infectados com TB-XDR possuem
um progndstico ruim, com altos indices de falha do tratamento e alta
mortalidade (Yew WW, Leung CC, 2008). A situacao torna-se ainda mais grave
em pacientes portadores de HIV. Em um estudo realizado em uma area rural
da Africa do Sul, a maioria dos pacientes (> 90%) coinfectados com TB-XDR e
HIV vieram a falecer, com uma média de sobrevivéncia de apenas 16 dias a
partir do diagnostico (Gandhi NR et al., 2006).

Velayati AA et al. (2009) documentaram o surgimento de novas formas
de bacilos encontrados em pacientes diagnosticados com TB-TDR. Esses
isolados foram classificados como linhagens totalmente resistentes aos
farmacos (TDR), uma vez que apresentaram resisténcia in vitro a todos os
farmacos de primeira e segunda linha testados. Durante o estudo, 0s pacientes
infectados n&do responderam a nenhuma terapia padrdo e permaneceram com
culturas positivas apdés 18 meses de tratamento com farmacos de segunda
linha (Velayati AA et al., 2009).

Enquanto a TB-MDR e XDR significam uma ameaca a saude publica e
ao controle da TB no mundo, possiveis casos de TB-TDR aumentam a
preocupacao quanto a uma futura epidemia de TB incuravel (Velayati AA et al.,
2009).

Diante de tal cenario, ha uma urgente necessidade de pesquisa por
novos candidatos a farmacos anti-TB, além da aprovacéo e uso das que estao
em desenvolvimento (Lamichhane G, 2010; Yew WW, Leung CC, 2008).
Tratamentos futuros requerem medicamentos com menos efeitos adversos a
fim de facilitar a adeséo a terapia (Jassal M, Bishai WR, 2009). Esses novos
agentes devem, idealmente, possuir atividade bactericida contra o M.
tuberculosis, tanto no estado de multiplicacdo ativa quanto no estado de
dorméncia e serem efetivos, tanto no combate da TB susceptivel a farmacos
guanto em casos MDR/XDR (Ducati RG et al., 2006; Balganesh TS, Alzari PM,
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Cole ST, 2008). Outra caracteristica desejavel € a possibilidade de
coadministracdo com farmacos antirretrovirais e medicamentos utilizados para

o tratamento de doencas crénicas, como o diabetes (Koul A et al., 2011)

1.5 QUINOLINAS

Os compostos quinolinicos sao estruturas heterociclicas do tipo
benzo[b]piridina, dessa forma, apresentam um anel benzénico geminado com

uma piridina (Figura 3).

Figura 3: Estrutura geral dos compostos quinolinicos e sua numeracao.

Compostos contendo o nucleo quinolinico tém demonstrado um amplo
espectro de atividade farmacoldgica, entre as quais se destacam: atividade
antibacteriana (Mahamoud A et al., 2006), anticancer (Denny WA et al., 2006),
antimalarica (Nasveld P, Kitchener S 2005), anti-HIV (Wilson WD et al., 1992;
Strekowski L et al., 1991), antituberculose (Lilienkampf A et al., 2009), entre
outras.

Com relacdo a atividade inibitéria sobre o M. tuberculosis, o nudcleo
quinolinico tem emergido como privilegiado grupo para o desenvolvimento de
compostos anti-TB. Prova disto € sua presenca em farmacos anti-TB
empregados na clinica como tratamento de segunda escolha como as
fluoroquinolonas: levofloxacina, ofloxacina, gatifloxacina e moxifloxacina
(Figura 4) (Drlica K, 1999; Kumar R, Madhumathi BS, Nagaraja V, 2014).

Estes compostos inibem a atividade da DNA girase ou da topoisomerase
Il bacteriana, que regula a topologia do DNA e é essencial a sobrevivéncia da
bactéria (Mathew B, Ross L, Reynolds RC, 2013). A DNA girase torna a
molécula de DNA bacteriana compacta e biologicamente ativa. Ao inibir essa
enzima, a molécula de DNA deixa de possuir a propriedade de super-
helicoidizacdo (do inglés supercoiling) para que possa ocupar um pequeno

espaco celular para sua expressdo, recombinacédo e replicacdo (Drlica K &
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Zhao X., 1997). As extremidades livres do DNA induzem a sintese
descontrolada de RNAmM e de proteinas, assim como a producdo de
exonucleases e a degradacdo cromossomial. Esses fatores levam a morte
celular e também inibem, in vitro, a topoisomerase IV, mas esse fato ndo
contribui para a agéo antibacteriana sobre o M. tuberculosis uma vez que essa
enzima esta ausente no bacilo.

Em 2012, a agéncia regulatoria norte-americana FDA (Food and Drug
Administration) acelerou a aprovacao da bedaquilina para o uso combinado em
tratamentos de adultos com MDR-TB quando alternativas terapéuticas nao
estivessem disponiveis (Provisional CDC guidelines). Comercializada sob
nome de Sirturo™, esse farmaco da classe quinolinica (Figura 4), age pela
inibicho da enzima adenosina 5'-trifosfato sintase (ATP sintase) de M.
tuberculosis (Andries et al., 2005). Apesar da boa eficacia, 0 medicamento tem
apresentado efeitos colaterais potencialmente fatais. Em eletrocardiogramas é
possivel observar o aumento do intervalo QT (tempo que decorre desde o
principio da despolarizacdo até o fim da repolarizacdo dos ventriculos), o qual
tem sido relacionado a arritmias cardiacas graves (Palomino JC, Martin A,
2013). Outros efeitos adversos sao relacionados a disfuncdes hepéticas com
mudancas nos niveis de transaminases (Palomino JC, Martin A, 2013).
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Figura 4. Estruturas quimicas de farmacos utilizados para o tratamento da tuberculose
contendo o nucleo quinolinico: a) Levofloxacina; b) Ofloxacina; c) Gatifloxacina; d)
Moxifloxacina; e) Sirturo™.

O DC159a, outro derivado 8-metoxy fluoroquinolona em fase pré-clinica
de estudo, tem demostrado ser mais ativo do que outras quinolonas com
potente atividade in vitro e in vivo frente as cepas TB-MDR resistentes as
fluoroquinolonas com valores de MICg na faixa de 0,06 a 0,5 pg/mL (Hoshino
K et al., 2008).

Considerando esta classe de compostos presente nos estagios iniciais
de desenvolvimento, Lilienkampf e colaboradores (2009) apresentaram uma
série de estruturas contendo os anéis quinolinicos hibridizados com o anel
isoxazolico como inibidores do M. tuberculosis (in vitro). Neste trabalho foi
demonstrado que o composto lider (MIC 0,9 uM) ndo apresentou inibicdo da
proteina CYP3A4, o que sugere a possibilidade de coadministracdo destes
compostos com farmacos anti-HIV, um dos complicadores para o tratamento da
tuberculose em pacientes coinfectados com virus HIV (Lilienkampf A et al.,
20009).

Na revisdo sobre as descobertas e os avancos de novos e promissores
guimioterapicos para tratamento da tuberculose, Beena e Rawat (2012)

ressaltaram diversos compostos constituidos de um nucleo quinolinico das

20



classes quinolil hidrazinas, quinolil hidrazonas e 4-amino-7-cloroquinolinas.
Muitos destes derivados apresentaram concentragdo inibitéria minima (MIC) na
faixa de 0,78 uM a 66,1 pM (Figura 5). Interessantemente, o padrao de
substituicdo destes compostos revela que a posi¢cdo do grupo alcoxila no anel
quinolinico e a presenca do grupamento 2-naftil na porcdo hidrazbnica séo

relevantes para a atividade anti-TB (Figura 5).

Figura 5. Exemplo de compostos apresentados por Beena, et al., (2012). a) MIC: 0,78
MM; b) MIC: 0,78 uM; c) MIC: 0,78 uM; d) MIC: 66,1 uM.

Outra interessante classe contendo o sistema quinolinico com
propriedades anti-TB é a quinoloxiacetamida (QOA), descoberta pelo grupo da
GlaxoSmithKline (GSK), utilizando a técnica de triagem fenotipica. Os 2-
(quinolin-4-iloxi)acetamides exibiram considerada atividade inibitoria sobre o
crescimento do M. tuberculosis H37Rv com MIC menor que 1 UM e com baixa
citotoxicidade quando testados em células HepG2 (ICso > 50 uM) (Ballell et al.,
2013). Dentre os trés derivados da classe quinoloxiacetamida reportados, o
composto GSK358607A (Figura 6) apresentou melhor atividade frente ao M.
tuberculosis com concentragdo minima inibitoria de 0,70uM e com significativo
indice de seletividade (Ballell et al., 2013).
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Figura 6. a) Estrutura do GSK358607A(QOA) MIC: 0,70 uM; b) Estrutura do
GSK749336A(QO0A), MIC: 0,25 pM; c) GW857165X (QOA) MIC: 3,3 uM.

1.6 RELACAO ESTRUTURA QUIMICA ATIVIDADE BIOLOGICA (SAR)

O conhecimento da relacdo existente entre a estrutura quimica de
compostos candidatos a farmacos e suas atividades farmacolégicas tem
possibilitado aos quimicos medicinais promoverem modificacdes estruturais
pontuais visando o aumento da atividade e/ou melhora dos parametros
farmacocinéticos (Bleicher et al., 2003). Efetivamente, as possibilidades de
transformacao quimica a partir de uma estrutura de um composto lider (lead
compound) sdo imensas e muitos analogos podem ser previstos. Algumas
destas alteracbes podem compreender a adicdo de grupamentos
doadores/aceptores de ligacdes de hidrogénio, grupamentos ionizaveis (ex.:
acidos carboxilicos), grupamentos doadores/retiradores de elétrons,
grupamentos volumosos (ex.: naftil ou cadeias alifaticas). Outras modificacfes
podem ser relacionadas a distribuicdo espacial da molécula, mudando
parametros como planaridade (ex.. troca de anel benzénico por um ciclo
hexano), ou alteracdo de parametros de lipossolubilidade pela
adicao/eliminacdo de grupos quimicos apolares (Barreiro et al., 2008).

Trés estratégias estdo entre as mais utilizadas para estudar a relacdo
estrutura-atividade de compostos candidatos a farmacos: i) simplificacéo
molecular (abordagem disjuntiva); ii) introducdo de grupos funcionais
(abordagem conjuntiva); e iii) substituic6es isostéricas e bioisostéricas (Barreiro
et al., 2008). A simplificacdo molecular reduz a complexidade estrutural,
eliminando funcdes e elementos moleculares que nao fazem parte do
farmacoforo. Esta estratégia pode levar a preparacdo de moléculas com
acesso sintético facilitado, permitindo assim o aumento de escala dos
compostos de interesse visando a realizagdo dos ensaios pré-clinicos

subsequentes (Ballel et al., 2013). A abordagem conjuntiva consiste da ligacéo
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de grupos quimicos adicionais para as moléculas na tentativa de obter
melhores perfis farmacologicos, tais como eficacia, toxicidade e parédmetros
farmacocinéticos (DeSimone et al., 2004; Gonzalez et al., 2012). O grau de
complexidade estrutural do candidato a farmaco pode ser mantido, e as
modificacbes propostas envolverem apenas substituicbes isostéricas e
bioisostéricas (Lima e Barreiro, 2005). Assim, com o0 objetivo de compreender a
contribuicdo de grupos quimicos para a atividade e alcancar melhorias, séo
estabelecidos gradientes eletronicos, estéricos e lipofilicos entre os grupos
quimicos propostos para sintese dos analogos estruturais.

Nosso grupo de pesquisa tem desenvolvido estratégias para obtencéo
de estruturas quimicas candidatas a farmacos para o tratamento da
tuberculose. Entre as abordagens utilizadas destacam-se o planejamento
baseado em alvos moleculares e a otimizacéo estrutural de compostos obtidos
a partir de triagens fenotipicas. Nesse contexto, uma de nossas estratégias
para o desenvolvimento de novos agentes antituberculose utiliza os compostos
lideres GSK358607A identificados por técnicas de HTS (Hight Troughtput
Screening) (Ballell et al., 2013) e o derivado 5s por triagem fenotipica
(Pissinate et al., 2016) (Figura 7).

Bibliotecas de compostos Derivatizacdo quimica Triagem fenotipica

Colecdo da GSK Derivados

13 compostos |

O/
NH
OﬁTNH oYy MIC < 1uM |T.I. < 10 vezes
L
RESN .
o
7 N R1
N . oYy NH
GSK3586074A (QOA) 22 compostos /O\dﬁ\o
N/

MIC (Mtb H37Rv) = 0,44uM

5s
MIC (Mtb H37Rv) = 0,05uM

Figura 7. Estratégia geral para a identificagdo de potenciais compostos antituberculose
a partir de composto lider GSK358607A identificado em estudos de triagem fenotipica
gue culminaram na descoberta do composto 5s.

Pissinate e colaboradores (2016), no intuito de explorar a relacdo entre a
estrutura quimica com a atividade biologica (SAR), sintetizaram uma série de

22 novos derivados estruturais a fim de identificar grupos funcionais relevantes
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para atividade biolégica e estabelecer os principais grupos farmacoforicos. A
estratégia dos autores foi a derivatizacdo quimica do composto GSK358607A
que resultou na identificacdo de 13 novos analogos com MICs na faixa de 0,8-
0,05 puM. Além disso, os compostos apresentaram acao seletiva ao M.
tuberculosis H37Rv e potente atividade frente a cepas TB-MDR, com
desprovida citotoxicidade as células Vero e HaCat na concentracdo de 20uM
(Pissinate et al., 2016).

Os autores mostraram que o0s substituintes nas posi¢coes Rz e R3 do anel
quinolinico e na posicao Rs da por¢cédo N-arilacetamida sdo capazes de modular
a atividade inibitoria sobre o M. tuberculosis. Interessantemente, a substituicdo
do grupo 1-metoxifenil na posicdo Rs do composto GSK358607A(QOA) por
uma 4-bromofenila 5m ou B-naftila 5s contribuiu para o incremento da poténcia
dos compostos. A atividade inibitéria em relacdo ao composto originalmente
apresentado pela GSK foi potencializada de 8 a 14 vezes para 0s analogos
contendo grupos de maior volume molecular, sendo o composto 5s apontado o
lider da série (MIC = 0,053 puM) (Pissinate et al., 2016).

Neste intuito, torna-se relevante a investigagdo do aumento do volume
molecular e da variagdo da planaridade na porcdo acetamida (em R! e R?)
(trocas bioisostéricas), bem como da contribuicdo do efeito doador/receptor de
H (em R! e A) para estabelecimento do perfil farmacolégico do composto
(Figura 8).
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Figura 8. (a) GSK358607A, (b) Modificacdes de interesse, onde, A = NH ou O; R! = H,
alquila ou arilas substituidas; R? = Alquila, arila ou naftila substituidas e n = 1 ou 2.
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2 JUSTIFICATIVA

Regimes de tratamento inapropriados e a ndo adesao dos pacientes ao
tratamento sdo comumente associados a emergéncia de cepas de M.
tuberculosis resistentes a multiplos farmacos (TB-MDR), cujos isolados séo
resistentes a pelo menos isoniazida (INH) e rifampicina (RIF), dois dos
principais farmacos usados no tratamento padrdo da TB, preconizado pela
OMS (Basso et al., 1998; Duncan, 2003; Mitchison et al., 2012). Pacientes com
TB-MDR devem ser tratados com uma combinacdo de farmacos de segunda
linha que, além de serem significativamente mais caros, possuem mais efeitos
toxicos e sdo menos efetivos que os farmacos de primeira linha (O'Brien et al.,
2001).

Ainda mais preocupante € o surgimento das cepas de M. tuberculosis
extensivamente resistentes (TB-XDR), definidas como casos de TB cujos
isolados sédo resistentes a INH, RIF e a pelo menos trés das seis principais
classes de farmacos de segunda linha (aminoglicosideos, polipetideos,
fluoroquinolonas, tiamidas, ciclosserina e acido p-aminosalicilico) (Dorman et
alet al., 2007; Singh et al., 2007). TB-XDR esta sendo relatada em todo o
mundo, inclusive nos Estados Unidos, onde a TB estava sendo considerada
controlada. Além das cepas TB-MDR e TB-XDR, uma nova linhagem de M.
tuberculosis foi identificada em 2009 e denominada TB-TDR, ou seja, uma
cepa totalmente resistente aos farmacos de primeira e segunda linha,
atualmente disponiveis para tratar a TB. Esta forma do bacilo contém a parede
celular ainda mais espessa do que o comumente observado e tem sido
relatada, com preocupacio, em paises como Ird e india (Loewenberg, 2012;
Udwadia et al., 2011). O pouco éxito na terapia e a ocorréncia ja difundida
destas cepas resistentes levam a discussdes sobre a drastica situagdo de
casos de TB virtualmente incuraveis (Dorman et al., 2007, Duncan, 2003).

Portanto, a reemergéncia da TB como um problema de satude mundial, a
proliferacdo de cepas (MDR, XDR e TDR) e a necessidade de tratamentos
mais curtos contra a doenca criaram a necessidade urgente do
desenvolvimento de terapias anti-TB inovadoras (Koul A et al., 2011).
Idealmente, novos farmacos anti-TB deveriam ser efetivos contra as cepas

resistentes, diminuir o longo periodo de tratamento, podendo assim aumentar a
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adesao dos pacientes a quimioterapia, diminuir a frequéncia de doses, possuir
minimas interacdes medicamentosas (especialmente com os farmacos
antirretrovirais) e poucos ou inexistentes efeitos adversos (Koul A et al., 2011).
Nesse contexto, as quinoloxiacetamidas podem representar uma classe
atraente  de moléculas candidatas a farmacos anti-tuberculose. As
determinacdes das relagfes existentes entre a estrutura quimica e as
atividades apresentadas sao de grande relevancia para a compreensdo dos
grupamentos farmacoforicos e/ou toxicoféricos e a proposicdo de novas
estruturas com atividades farmacoldgicas otimizadas. A maior expectativa da
nossa proposta é desenvolver um novo agente anti-TB eficiente. O presente
projeto viabilizara a obtencéo de estruturas quimicas novas capazes de inibir o
crescimento do M. tuberculosis in vitro e que apresentam predicados para

tornarem-se novas alternativas terapéuticas.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Sintetizar e caracterizar estruturalmente uma série de 2-((quinolin-4-
il)oxi)-fenilacetamidas para posterior avaliacdo in vitro da sua capacidade
inibitéria sobre o crescimento do M. tuberculosis.

3.2 OBJETIVOS ESPECIFICOS

a) Sintese de uma série de 2-((quinolin-4-il)-fenilacetamidas.

Onde, A = NH ou O; R! = H, alquila ou arilas substituidas; R? = Alquila,

arila ou naftilas substituidas.

b) Caracterizagdo estrutural dos compostos sintetizados, utilizando
técnicas de ressonancia magnética nuclear de 'H e *C (RMN),
espectrometria de massas (EM), espectroscopia de infravermelho
(FTIR).

c) Determinacdo da concentragdo minima inibitoria (MIC) em relacdo a
cepa de M. tuberculosis H37Ruv.

d) Determinacdo da concentracdo minima inibitoria (MIC) em relacdo a
cepas de M. tuberculosis resistentes a isoniazida obtidas a partir de
isolados clinicos.

e) Avaliagédo do efeito citotoxico dos compostos sintetizados, através da
analise de crescimento de células Vero.

f) Realizacdo de estudos de estrutura-atividade (SAR) da série de

compostos.
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Abstract

2-(Quinolin-4-yloxy)acetamides have been described as potent and selective in vitro
inhibitors of Mycobacterium tuberculosis growth. Herein, a new series of compounds
yielded highly potent antitubercular agents with minimum inhibitory concentration
(MIC) wvalues in nanomolar range against drug-susceptible and drug-resistant
Mycobacterium tuberculosis strains. Further, the most active compounds were devoid of
apparent toxicity to Vero cells (ICsos > 20 uM). Therefore, the data obtained have
indicated that 2-(quinolin-4-yloxy)acetamides may furnish candidates for future

development of novel alternative therapeutics for tuberculosis treatment.
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Treated by the World Health Organization (WHO) as a global public health emergency
since early 1990s, the human tuberculosis (TB) has still claimed thousands of lives
annually.! This infection disease is caused mainly by Mycobacterium tuberculosis (Mtb)
and has been reported among the top current causes of death triggered by a single
pathogen. According to the WHO, 9.6 million new cases of the disease with 1.5 million
deaths were reported worldwide in 2014.! Multidrug-resistant TB (MDR-TB) and
extensively drug-resistant TB (XDR-TB),> HIV coinfection,® limited effectivity of
vaccine Mycobacterium bovis bacillus Calmette-Guérin (BCG),* and the massive
amount of individuals infected with latent or dormant bacillis® have strongly contributed
to the elevated incidence and mortality of TB. Further complicating this scenario, there
are an increasing number of cases of infections caused by drug-resistant strains for
which treatment options are restricted and suboptimal.® Taken together, the points
above described highlight the paramount need for novel drugs, if possible, endowed
with innovative mechanism of action. Within this context, quinoline-containing
compounds have been used in several drug discovery campaigns aiming novel
antimycobacterial compounds.” In addition, this privileged scaffold has been obtained in
clinically useful anti-TB drugs such as bedaquiline® and some fluoroquinolones.® In line
with research of new antitubercular candidates bearing a quinoline ring, we have
recently described the structural optimization of previously reported 2-(quinolin-4-
yloxy)acetamide 1%° (Figure 1) with some encouraging results.** Compound 1 was
obtained from phenotypic screening together with a set of 177 leading anti-TB
compounds.'® Our optimization efforts produced the lead structure 2 (Figure 1) which

was 8.8-fold more potent than 1 with minimum inhibitory concentration (MIC) against
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M. tuberculosis H37Rv of 0.05 uM. In addition, compound 2 exhibited inhibitory

activity against drug-resistant Mtb strains.

Therefore, in a sequence of our ongoing project in obtaining improved active
compounds against drug-resistant Mtb strains, a crucial attrition point in TB treatment, a
new series of 2-(quinolin-4-yloxy)acetamides and some analogue compounds were
synthesized. Firstly, all molecules were assayed against M. tuberculosis H37Rv and
their structural requirements for potency were evaluated. Moreover, most active
structures against M. tuberculosis H37Rv were tested against a clinically isolated drug-
resistant strain. Finally, apparent toxicity of compounds to Vero cells was also

evaluated.
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Figure 1. Quinoline-based antimycobacterial compounds.

The synthetic method for obtaining the 2-(quinolin-4-yloxy)acetamides 6a-i was
conducted in three synthetic steps. First, 4-hydroxyquinolines 5a-j were prepared from
classical Conrad-Limpach reaction between [-ketoesters 3a-f and anilines 4a-f (Scheme
1) in an one pot procedures.!? This reaction was performed in presence of magnesium
sulfate and acetic acid using refluxing ethanol as solvent for 16 h to furnish the -
anilinoacrylate intermediates which were not isolated or characterized. Thermal

cyclization of the intermediates was obtained after heating the crude product using
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Downtherm A® at 230-250 °C for 15 min to afford 4-hydroxyquinolines 5a-f with 29-
75% vyields. By contrast, halogenated 4-hydroxyquinolines 5g-j were synthesized
through cyclocondensation reaction of p-ketoester 3a and anilines 4c-f in the presence
of polyphosphoric acid (PPA) at 80-120 °C for 6 hours with 17-56% yields (Scheme 1).
Notably, even after several attempts compounds 5a-f were not obtained using
polyphosphoric acid mediated reactions. Moreover, according to the spectroscopy data,
no sign of Knorr products (2-hydroxyquinolines) were observed in both
cyclocondensation methods. In the second reaction step, 2-bromo-N-(2-
methoxyphenyl)acetamide was obtained by the acylation reaction of 2-methoxyaniline
using bromoacetyl chloride according to a previously reported approach.***# Finally, O-
alkylation  reaction of  4-hydroxyquinolines  5b-j  with  2-bromo-N-(2-
methoxyphenyl)acetamide using potassium carbonate and N,N-dimethylformamide

(DMF) as the solvent afforded 2-(quinolin-4-yloxy)acetamides 6a-i with 25-85% vyields.

o 0 jior ii R3
+ R3@NH2 —
EtO R 17-75% 25 85%

3a-f 4a-f 5a-j a-i

R'=H, Bn
R2 Me, Et, Pr, Pr
= OMe, OEt, F, CI, Br, CF,

Scheme 1. Reactants and conditions: i) = (1) MgSOa4, AcOH, EtOH, 90 °C, 16 h; (2)
Dowtherm A®, 230-250 °C, 15 min. ii) = PPA, 80-120 °C, 6 h. iii) = 2-bromo-N-(2-
methoxyphenyl)acetamide, K2COs, DMF, 25 °C, 16 h.

In order to evaluate the exchange of oxygen by a nitrogen at 4-position of quinoline

ring, 2-(quinolin-4-ylamino)acetamides 9a-b were synthesized (Scheme 2). The
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products were obtained after alkylation reaction of 4-aminoquinoline 7 with 2-bromo-N-
arylacetamides 8a-b which were prepared as already described.®*** The reaction was
accomplished in the presence of sodium hydride dissolved in dry DMSO under argon

atmosphere. The amino derivative compounds 9a-b were isolated with 28-31% yields.

H
N.
NH, y HN/\[( R
MeO N. i MeO O
| X + Br/ﬁr 1 — | X
B 3 28-31% _
N~ >CH, N~ >CH,
7 8a-b 9a-b

8a,9a: R' = MeO-2-CgH,
8b,9b: R' = 2-Naphthyl

Scheme 2. Reaction Condition: i) NaH, DMSO, 80 °C, 3.5 h.

Structural analogues to compound 2 were synthesized using the 4-hydroxyquinoline 5a
(Scheme 3). Alkylation reaction of 5a using 2-bromo-1-(naphthalen-2-yl)ethan-1-one in
presence of excess of potassium carbonate and DMF as the solvent afforded the
quinoline 10 with 61% vyield. In addition, the same reaction utilizing 2-
(bromomethyl)naphthalene as alkylating agent furnished the compound 11 with 76%
yield. Finally, 2-(quinolin-4-yloxy)acetamides 12a-n were prepared by O-alkylation
reaction of 4-hydroxyquinoline 5a (Scheme 3). The synthetic protocol was the same
already described employing potassium carbonate as base and DMF as the solvent to
offer targeted molecules with 31-99% vyields. All synthesized compounds showed the

proposed structures based on their analytical data (Supporting Information).
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Scheme 3. Reactants and conditions: i) = 2-bromo-1-(naphthalen-2-yl)ethan-1-one,
K2CO3z, DMF, 25 °C, 8 h. ii) = 2-(bromomethyl)naphthalene, K.COs, DMF, 25 °C, 8 h.
iii) = 2-bromo-N-arylacetamides, K.CO3, DMF, 25 °C, 16 h.

The synthesized quinoline-based compounds were evaluated in a whole-cell assay

against M. tuberculosis H37Rv using the anti-TB drug isoniazid (INH) as the positive

control.}®¥> In general, alkyl lipophilic substituents directly attached to the N-

arylacetamide group yielded compounds with potent antimycobacterial action while

both improvement of alkyl chain length at the 2-position or change of methoxy group

attached at the 6-position of the quinoline ring yielded compounds with decreased

activity (Table 1). Indeed, the change of methyl group attached at the 2-position of

quinoline ring (RY) by an ethyl group reduced the potency by almost 2-fold.
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Table 1. ClogP values and in vitro antimycobacterial activity of 2-(quinolin-4-
yloxy)acetamides and their analogues against M. tuberculosis H37Rv.
R5
Oj/N\R“
X
N~ OR!
6a-i, 9a-b,10, 11, 12a-n
Entry ClogP2 | X R! R2 R3 R4 RS MIC (uM)
1 3.32 0 Me H MeO H MeO-2-CgHs 0.4411
2 5.01 0 Me H MeO H 2-Naphthyl 0.051
6a 3.85 0 Et H MeO H MeO-2-CgHs 0.86
6b 4.38 0 Pr H MeO H MeO-2-CeHs4 >26.3
6c 4.25 0 iPr H MeO H MeO-2-CgH. >26.3
6d 5.34 0 Me Bn MeO H MeO-2-CgH. >22.6
6e 3.85 0 Me H OEt H MeO-2-CeHs 1.75
6f 3.21 0 Me H F H MeO-2-CgHs 14.7
69 3.78 0 Me H Cl H MeO-2-CgHs 1.75
6h 3.93 (0] Me H Br H MeO-2-CgHa4 0.78
6i 4.00 0 Me H CFs3 H MeO-2-CsHs >25.6
%a 3.55 NH Me H MeO H MeO-2-CgHa >28.5
9b 5.24 NH Me H MeO H 2-Naphthyl 6.73
10 5.35 0 Me H MeO - - 1.75
11 6.16 0 Me H MeO - - 1.90
12a 3.96 0 Me H MeO Me MeO-2-CgH. >27.3
12b 3.32 6] Me H MeO -CH(CH2)3CH,- >31.8
12¢ 5.01 0 Me H MeO Ph Ph >25.1
5.40 0 Me H MeO H $ 0.05
12d \CO
4.85 0 Me H MeO H B 0.05
12¢ \CO
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5.40 o) Me H MeO H 0.83
12 &

4.83 (0] Me H MeO H 1.66
129 2

4.83 o) Me H MeO H 13.28
12h B
12i 4.78 o) Me H MeO H | (Me)2-3,4-CeHs 0.11
12j 4.33 0 Me H MeO H Me-4-CgHg 0.12
12k 4.86 0] Me H MeO H Et-4-CgsH4 0.06
121 5.39 o) Me H MeO H Pr-4-CsH, 0.05
12m 5.92 o) Me H MeO H Bu-4-CsHs 0.10
12n 6.45 o) Me H MeO H Pent-4-CgH4 0.005
INH - - - - - - - 1.46

2ClogP calculated by ChemBioDraw Ultra, version 13.0.0.3015. INH, isoniazid.

Whereas inhibitory activity of compound 1 (R! = Me) in our experimental conditions
was 0.44 uM the 2-(quinolin-4-yloxy)acetamide 6a (R' = Et) exhibited MIC of 0.86
pUM. In addition, the improvement of alkyl side chain with a propyl and isopropyl
groups at R! in the compounds 6b and 6c, respectively, greatly reduced the activity
leading both molecules to MIC > 26.3 uM. Similarly, the presence of bulky lipophilic
benzyl group at the 3-position of quinoline ring (R?) in the structure 6d was not tolerate
to retain the antitubercular potency in vitro (MIC > 22.6 uM). 2-(Quinolin-4-
yloxy)acetamides 6e-i were synthesized in order to evaluate whether the increase of
alkyl chain length as well as the presence of halogens at 6-position of quinoline ring
(R®) could improve the activity. As already reported, the presence of methoxy group at
this position has been detrimental for potency as its change by hydrogen reduced

significantly the activity.!* Ethoxy substituted compound 6e showed a MIC value of
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1.75 uM which was nearly 4-fold less active than 1 (R® = MeO). Among halogenated
compounds, bromo substituted 6h was the most effective structure with MIC value of
0.78 uM while 2-(quinolin-4-yloxy)acetamides 6f (R® = F) and 6g (R® = CI) exhibited
MICs of 14.7 uM and 1.75 pM, respectively. Notably, the order of potency followed the
improvement of both lipophilicity (Table 1) and atomic radius in the evaluated halogen
atoms. Compound 6i bearing a trifluoromethyl group at R® showed also decreased
activity with MIC > 25.6 UM denoting, once more, the necessity of methoxy group at

the 6-position of heterocycle to high activity.

In the next round of our SAR study, the substituents attached at the 2-, 3-, and 6-
positions of quinoline rings of the compounds 1 and 2 were maintained while the
oxygen at the 4-position was changed by a nitrogen. This modification produced
molecules with increased polarity by presence of NH group which may acts as hydrogen
bonding donor-acceptor pair at a putative target. 2-(Quinolin-4-ylamino)acetamides 9a-
b presented MIC values > 28,5 uM and 6.73 uM, respectively, indicating the
importance of oxygen at the 4-position for anti-Tb activity of the synthesized

compounds.

In order to assess the importance of amide group to antimycobacterial activity,
analogues compounds 10 and 11 were synthesized and their inhibitory action to the Mtb
growth was determined. Quinoline 10 retaining the ketone group exhibited MIC of 1.75
MM which was 35-fold less active than lead 2. Similar MIC value of 1.90 uM was
observed to molecule 11 which which does not encompass the entire amide group.
According to these findings, the nitrogen from amide group appears to be imperative to
potency whereas carbonyl group may present only a secondary role. However, further
study is needed to clarify this point. Evaluating the importance of hydrogen attached to

the amide nitrogen, activity elicited by 2-(quinolin-4-yloxy)acetamides 12a-c indicated
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that secondary amides can be detrimental for the potent anti-Th activity from this
chemical class as all three compounds were devoid of activity in the tested

concentrations (MIC > 25.1 uM).

Focusing our SAR study on the lead compound 2, structures 12d-h were proposed and
synthesized for further evaluation against M. tuberculosis H37Rv strain. First, 2-
tetrahydronaphthyl derivative 12d attached directly at arylamide group was designed to
reduce the reactivity of 2-naphthyl group in an attempt to improve the metabolic
stability observed for 2-(quinolin-4-yloxy)acetamide 2.!!' Notably, changing the 2-
naphthyl group with a 2-tetrahydronaphthyl substituent the potency was maintained as
MIC values of both molecules (2 and 12d) were 0.05 uM. This finding denotes that
potency showed by lead compound 2 does not appear to be dependent of planarity of 2-
naphthyl ring. Reducing the hydrophobicity from structure 12d by using a 2,3-dihydro-
1H-inden-5-yl group the activity was also maintained at submicromolar range as MIC
for compound 12e was of 0.05 uM. By contrast, 1- tetrahydronaphthyl derivative 12f
was almost 17-fold less active than analogue compound 12d (0.05 uM) presenting MIC
of 0.83 uM. Chiral substituents attached at the N-arylamide group of compounds 129
and 12h furnished molecules with reduced activity when compared to the lead 2.
Interestingly, the S stereoisomer was 8-fold more potent than R against the bacilli with

observed MIC of 1.66 uM for 12g and a value of 13.28 uM for compound 12h.

Structures 12i-n were proposed aiming the molecular simplification of 2-(quinolin-4-
yloxy)acetamide 12d and in an attempt of mimic the hydrophobic six-membered ring
attached at the benzene group. Similar MIC values were obtained for 3,4-dimethyl
substituted compound 12i and 4-methyled derivative 12j. Compound 12i presented MIC
of 0.11 puM while 2-(quinolin-4-yloxy)acetamide 12j inhibited the Mtb growth at

minimal concentration of 0.12 uM. Increasing alkyl chain length with 4-ethyl and 4-
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propyl attached to the benzene ring of the compounds 12k and 12l, respectively,
afforded molecules with same potency order obtained for lead compound 2. Structures
12k and 12| exhibited MICs of 0.06 and 0.05 uM, respectively. By contrast,
antimycobacterial in vitro activity of butyl substituted 12m was 2-fold less effective
than their counterparts (0.10 uM). Notably, when pentyl substituent was attached at the
4-position of benzene ring yielded a highly potent antitubercular structure with MIC
value as low as 0.005 pM. Compound 12n was 10-fold more potent when compared to
the lead structure 2 and 292-fold more potent than first line drug INH (Table 1). This
finding places this molecule in a select group of structures with MIC in the nanomolar

range against Mtb.

2-(Quinolin-4-yloxy)acetamides containing MIC values lower than 0.2 uM (12d-e and
12i-n) were selected for both inhibitory activity of clinical isolate (PE-003) and viability
studies using Vero cells. The PE-003 strain has been described as a multidrug-resistant
clinical isolate with resistance to drugs as isoniazid, rifampin, etambutol, and
streptomycin.'® Targeted sequencing from this strain has revealed mutation in the inhA
regulatory region C(-15)T.'® Interestingly, evaluated compounds were even more

potent against PE-003 than M. tuberculosis H37Rv strain (Table 2).
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Table 2. In vitro antitubercular activity against M. tuberculosis H37Rv, drug-resistant
clinical isolate, and viability of Vero cells exposed to the synthesized 2-(quinolin-4-

yloxy)acetamides 12d-e and 12i-n.

Comp. MIC (nM) Viability (% = SEM)?
H37Rv  PE-003 Vero
12d 53.0 8.0 87.6+5.7
12e 55.0 5.5 89.3+12.0
12i 111.0 37 1144 £6.9
12j 116.0 39 89.8+9.5
12k 57.0 5.7 85.5+1.9
121 54.0 5.5 76.8+4.2
12m 103.0 7.9 95.5+53
12n 5.1 1.0 792+72

INH 1,460 >70,000
ETH Nd 61,181

MOX Nd 99.0

aData are expressed as means of cell viability + SEM for each compounds tested at 20 pM. nd — not
determined. INH, isoniazid. ETH, ethambutol. MOX, moxifloxacin.

2-(Quinolin-4-yloxy)acetamide 12n exhibited surprising MIC value of 1.0 nM which
was almost 100-fold more potent than presented by fluorogquinolone-based drug
moxifloxacin. Exposing the Vero cell lineages to the 20 uM of compounds 12d-e and
12i-n for 72 hours did not significantly affect the cell viability.!” Moreover, in vitro
screening of 2-(Quinolin-4-yloxy)acetamides 12d-e and 12i-n against Escherichia coli
(ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), Staphylococcus aureus
(ATCC 25923) and Acinetobacter baumannii (ATCC BAA 747) at the 20 uM
concentration did not show any antimicrobial activity (data not shown). These findings
denote the possibility of low toxicity of compounds to the mammalian cells and their

likely high degree of selectivity against Mtb.
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In summary, herein we showed the synthesis of a new series of 2-(quinolin-4-
yloxy)acetamides and their antitubercular activity in vitro. The compounds were
obtained by well stablished synthetic protocols using accessible reactants and reagents
that afforded the molecules in reasonably vyields. In addition, the synthesized
compounds showed potent and selective activity against drug-sensitive and drug-
resistant Mtb strains with no apparent cytotoxicity to the Vero cells. The nanomolar
antitubercular activity elicited by 2-(quinolin-4-yloxy)acetamides revealthat this class of
compounds may furnish candidates for future development of novel drugs for TB
treatment. Studies to identify the target(s) of 2-(quinolin-4-yloxy)acetamides
antimycobacterial action are in progress, and these data will be communicated in the

future.
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1. Chemistry section

All commercially available solvents and reagents were obtained from commercial
suppliers and used without further purification. All reactions involving reactants,
reagents or intermediates sensitive to air or moisture were performed under an inert
atmosphere of argon. The reactions were monitored by thin layer chromatography
(TLC) with Macherey-Nagel ALUGRAM® Xtra SIL G/UV2s4 (0.2 mm) plates. Melting
points were measured using a Microquiimica MQAPF-302 apparatus. *H NMR spectra
were acquired on a Varian 400 or Agilent DD2 spectrometer (Federal University of Rio
Grande do Sul, UFRGS/Brazil) (*H at 400.13 MHz or 500.13 MHz, respectively) at 25
°C in 5 mm sample tubes. 3C NMR spectra were acquired on a Varian 400 or Agilent
DD2 spectrometer (*3C at 100.63 MHz or 125.63 MHz, respectively) at 25 °C.
Chemical shifts (o) were expressed in parts per million (ppm) relative to DMSO-ds (6
2.49 for H and ¢ 39.5 for 13C), which was used as the solvent, and to TMS, which was
used as the internal standard. Splitting patterns were designated as follows: s, singlet; d,
doublet; dd, doublet of doublets; m, multiplet. High-resolution mass spectra (HRMS)
were obtained for all compounds on an LTQ Orbitrap Discovery mass spectrometer
(Thermo Fisher Scientific, Bremen, Germany). This hybrid system combined an LTQ
XL linear ion trap mass spectrometer and an Orbitrap mass analyzer. The experiments
were performed via direct infusion of the sample in MeOH:H>0 (1:1) with 0.1% formic
acid (flow rate 10 pL/min) in positive-ion mode using electrospray ionization (ESI).
Elemental composition calculations were executed using the specific tool included in
the Qual Browser module of the Xcalibur (Thermo Fisher Scientific, release 2.0.7)
software. Compound purity was determined by HPLC using an Akta HPLC system (GE
Healthcare® Life Sciences) equipped with a binary pump, manual injector, and UV
detector. The Unicorn 5.31 software was used for data acquisition and processing.
HPLC analysis conditions were as follows: RP column 5 pum Nucleodur C-18 (250 x
4.6 mm); flow rate 1.5 mL/min; UV detection at 270 nm; 100% water (0.1% acetic
acid) was maintained from 0 to 7 min 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; the last
partition was maintained for an additional 15 min (15 to 30 min) and subsequently
returned to 100% water (0.1% acetic acid) in 5 min (30 to 35 min) and was maintained
for an additional 10 min (35 to 45 min). All evaluated compounds were > 90% pure.

1.1  General procedure for the preparation of 4-hydroxyquinolines 5a-j
4-Hydroxyquinolines 5a-j were prepared from classical Conrad-Limpach reaction

between B-ketoesters 3a-f and anilines 4a-f. The method was slight modified by using
magnesium sulfate instead of Dean-Stark.!

Method A
To a solution containing the aniline 4 (8.12 mmol) and anhydrous MgS04 (10 mmol) in
ethanol (10 mL) was added acetic acid (6,3 mmol) and p-ketoester 3 (16.24 mmol). The
mixture was heated at 90 °C for 16 hours. After removal of the drying agent (MgSQOa) by
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filtration the residue was dried under vacuum. Then, 15 mL of Dowtherm A®was added
forming a solution which was heated at 230-250 °C for 15 min. The reaction mixture
was cooled to room temperature; the product was filtered and washed with hexane,
diethyl ether and ethyl acetate. Finally, the product was dried under vacuum.

Method B

In a flask was added 6.5 g of polyphosphoric acid and aniline 4 (8.12 mmol) and heated
to 80 °C for 15 min. After, p-ketoester 3 (16.24 mmol) was added dropwise. The
resulting solution was heated at 120 °C for 6 hours. After cooling to the room
temperature, the reaction mixture was neutralized with aqueous 3M NH4OH solution.
The precipitate was washed with water (3 x 100 mL) and dried under vacuum.

1.2 General procedure for the preparation of 2-bromo-N-aryl-acetamides.

Bromoacetyl chloride (0.425 mL, 5.1 mmol) in dry dichloromethane (5 mL) was added
dropwise to a solution containing the respective amine (4.1 mmol) and a catalytic
amount of dimethylaminopyridine (DMAP) (0.150 g, 30 mmol %) in dry
dichloromethane (20 mL) maintained in an ice bath under an argon atmosphere. The
resulting solution was stirred at 0 °C for 30 min, and the temperature was then increased
to 25 °C. After stirring for an additional 4 hours, the reaction mixture was diluted with
diethyl ether (50 mL). All of the stirring time was accomplished under an argon
atmosphere. The organic layers were washed sequentially with a solution of 1 N HCI (2
x 50 mL), water (1 x 100 mL), saturated aqueous NaHCO3 (3 x 50 mL), and brine (5%
w/v, 1 x 50 mL). Finally, the organic solution was dried over anhydrous MgSO4 and
evaporated under vacuum, and the residue was purified by flash chromatography on
silica gel and eluted with chloroform-methanol (40:1).

1.3 General procedure for the preparation of the 2-(quinolin-4-yloxy)acetamides
6a-i and 12a-n.

4-Hydroxyquinolines 5 (1.1 mmol) were added to a stirred solution containing 2-bromo-
N-aryl-acetamide (1.0 mmol) and K>COz (3.12 mmol) in 6 mL of N,N-
dimethylformamide (DMF) under an argon atmosphere. After stirring for 16 h, the
reaction mixture was dissolved in 200 mL of distilled water. The precipitated product
was filtered, washed with water and dried under vacuum. Purification of the compounds
were performed by flash chromatography on silica gel (Macherey-Nagel, 35-70 mesh)
using hexane: ethyl acetate (1:1) as eluent.
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2-((2-Ethyl-6-methoxyquinolin-4-yl)oxy)-N-(2-methoxyphenyl)acetamide (6a): Yield
25%; m.p.: 157-158 °C; *H NMR (500 MHz, DMSO-dg) § ppm 1.3 (t, J=6.8 Hz, 3 H),
2.8 (m, 2 H),38(s, 3H),39(s, 3H),5.1(s,2H),6.9(s, 2H), 7.1 (m, 2 H), 7.4 (d,
J=8.8 Hz, 1 H), 7.5 (s, 1 H), 7.8 (d, J=8.8 Hz, 1 H), 8.1 (d, J=6.8 Hz, 1 H), 9.4 (s, 1 H);
13C NMR (126 MHz, DMSO-ds) & ppm 13.5, 31.6, 55.4, 55.8, 67.0, 100.1, 101.4, 111.2,

119.8, 120.4, 120.9, 121.2, 124.7, 126.4, 129.8, 144.1, 149.1, 156.4, 158.9, 161.8,
165.5; FTMS (ESI) m/z 367.1644 [M + H]"; calcd for C21H22N204: 367.1652.
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b
N
2-((6-Methoxy-2-propylquinolin-4-yl)oxy)-N-(2-methoxyphenyl)acetamide (6b): Yield
51%, m.p.: 155-156 °C; 'H NMR (500 MHz, DMSO-ds) & ppm 0.9 (s, 3 H), 1.7 (s, 2 H),
2.8(s,2H),3.8(s,3H),39(s,3H),51(s,2H),6.9(s,2H),7.1(s,2H),7.4(d, =83
Hz, 1 H), 7.5 (s, 1 H), 7.8 (d, J=8.3 Hz, 1 H), 8.1 (s, 1 H), 9.4 (s, 1 H); 13C NMR (126
MHz, DMSO-ds) 6 ppm 13.8, 22.3, 40.5, 55.4, 55.8, 67.0, 100.1, 101.9, 111.2, 119.8,

120.4, 120.9, 121.2, 124.7, 126.4, 129.8, 144.2, 149.2, 156.4, 158.9, 160.7, 165.5;
FTMS (ESI) m/z 381.1802 [M + H]*; calcd for C22H24N204: 381.1809.

OMe
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MeO N O
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N

2-((2-1sopropyl-6-methoxyquinolin-4-yl)oxy)-N-(2-methoxyphenyl)acetamide (6¢):
Yield 47%; m.p.: 145-146 °C; *H NMR (500 MHz, DMSO-ds) & ppm 1.3 (s, 3 H), 1,2
(s,3H),3.1(m,1H),3.8(s,3H),3.9(s, 3H),5.08(s,2H), 6.9 (m,1H), 6,95 (s, 1H),
7.1 (m, 2 H), 7.4 (dd, J=9.0, 2.7 Hz, 1 H), 7.5 (d, J=2.4 Hz, 1 H), 7.8 (d, J=9.3 Hz, 1 H),
8.1 (d, J=7.8 Hz, 1 H), 9.4 (s, 1 H); 3C NMR (126 MHz, DMSO-ds) & ppm 22.3, 36.6,
55.4, 55.8, 67.1, 100.1, 100.3, 111.2, 120.0, 120.5, 121.0, 121.2, 124.8, 126.4, 130.0,
144.0, 149.2, 156.4, 159.0, 165.6, 165.6; FTMS (ESI) m/z 381.1802 [M + H]"; calcd for
C22H24N204: 381.18009.
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2-((3-Benzyl-6-methoxy-2-methylquinolin-4-yl)oxy)-N-(2-methoxyphenyl)acetamide
(6d): Yield 75%; m.p.: 162-163 °C; 'H NMR (500 MHz, DMSO-ds) & ppm 2.47 (s, 3
H), 3.73 (s, 3 H), 3.90 (s, 3 H), 4.29 (s, 2 H), 4.77 (s, 2 H), 7.0 (t, J=7.6 Hz, 1 H), 7.1 (d,
J=7.8 Hz, 1 H), 7.1 (d, J=8.3 Hz, 1 H), 7.2 (m, 3 H), 7.3 (t, J=7.6 Hz, 2 H), 7.4 (dd,
J=9.0, 2.7 Hz, 1 H), 7.5 (d, J=2.4 Hz, 1 H), 7.9 (d, J=9.3 Hz, 1 H), 8.1 (d, J=7.8 Hz, 1
H), 9.4 (s, 1 H); ¥C NMR (126 MHz, DMSO-dg) & ppm 23.2, 31.3, 55.4, 55.6, 72.7,
100.1, 111.0, 120.3, 120.7, 121.3, 122.4, 124.2, 124.6, 126.0, 126.3, 127.9, 128.4,
130.1, 139.2, 143.7, 149.0, 157.0, 157.3, 158.0, 162.4, 165.8; FTMS (ESI) m/z
443.1960 [M + H]"; calcd for C27H2sN204: 443.1965.

3
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2-((6-Ethoxy-2-methylquinolin-4-yl)oxy)-N-(2-methoxyphenyl)acetamide (6e): Yield
58%; m.p.: 196-197 °C; *H NMR (500 MHz, DMSO-ds) & ppm 1.4 (s, 3 H), 2.5 (s, 3 H),
39(s,3H),4.2(q,J=59Hz,2H),50(s,2H),6.9(m,2H),7.1(s,2H),7.4(d, J=83
Hz, 1 H), 7.5 (s, 1 H), 7.8 (d, J=8.8 Hz, 1 H), 8.1 (d, J=6.4 Hz, 1 H), 9.4 (s, 1 H); 13C
NMR (126 MHz, DMSO-ds) & ppm 14.6, 25.0, 55.8, 63.5, 67.0, 101.0, 102.4, 111.2,

119.6, 120.5, 120.7, 121.3, 124.7, 126.4, 129.6, 144.1, 149.0, 155.6, 156.9, 158.7,
165.4; FTMS (ESI) m/z 367.1642 [M + H]"; calcd for C21H22N204: 367.1652.

H OMe
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2-((6-Fluoro-2-methylquinolin-4-yl)oxy)-N-(2-methoxyphenyl)acetamide (6f): Yield

85%; m.p.: 188-189 °C; 'H NMR (500 MHz, DMSO-ds) 5 ppm 2.6 (s, 3 H), 3.9 (s, 3 H),
5.0 (s, 2 H), 7.0 (t, J=7.3 Hz, 1 H), 7.0 (s, 1 H), 7.1 (m, 2 H), 7.6 (td, J=8.8, 2.9 Hz, 1
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H), 7.9 (dd, J=9.5, 1.7 Hz, 1 H), 8.0 (dd, J=9.3, 5.4 Hz, 1 H), 8.1 (d, J=7.3 Hz, 1 H), 9.4
(s, 1 H); 2C NMR (126 MHz, DMSO-ds) & ppm 25.1, 55.7, 67.1, 103.0, 104.8, 105.0,
1095, 111.1, 119.3, 119.4, 119.4, 119.5, 120.5, 120.7, 124.7, 126.3, 130.8, 130.9,
145.4, 149.0, 158.1, 159.0, 159.0, 159.3, 159.4, 160.0, 165.0; FTMS (ESI) m/z
341.1290 [M + HJ*; calcd for C1oH17FN203: 341.1296.

H OMe
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2-((6-Chloro-2-methylquinolin-4-yl)oxy)-N-(2-methoxyphenyl)acetamide (6g): Yield
70%; m.p.: 201-202 °C; *H NMR (500 MHz, DMSO-ds) & ppm 2.60 (s, 3 H), 3.91 (s, 3
H), 5.00 (s, 2 H), 6,95 (s, 1 H), 7.04-7.11 (m, 2 H), 7.73 (s, 1 H), 7.89 (s, 1 H), 8.09 (s, 1
H), 8.18 (s, 1 H), 8.3 (s, 1 H), 9.3 (s, 1 H); 3C NMR (126 MHz, DMSO-ds) & ppm 25.1,
55.8, 67.2, 103.1, 109.3, 111.1, 119.7, 120.0, 120.4, 120.5, 124.6, 126.3, 129.4, 130.0,

130.1, 146.7, 158.5, 160.4, 164.8; FTMS (ESI) m/z 357.0994 [M + H]*; calcd for
C19H17CIN203: 357.1000.

H OMe
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2-((6-Bromo-2-methylquinolin-4-yl)oxy)-N-(2-methoxyphenyl)acetamide (6h): Yield
32%; m.p.: 196-197 °C; *H NMR (400 MHz, DMSO-ds) & ppm 2.6 (s, 3 H), 3.9 (s, 3 H),
50(,2H),7.0(m,1H),7.0(,1H),7.1(m,2H), 7.8 (m,2H),8.1(d, J=8.2Hz 1H),
8.3 (d, J=1.2 Hz, 1 H), 9.4 (s, 1 H); 13C NMR (101 MHz, DMSO-ds) & ppm 25.4; 56.0;
67.2; 103.3; 111.2; 118.0; 120.3; 120.5; 120.8; 123.4; 124.8; 126.4; 130.4; 132.9;

146.9; 149.1; 158.6; 160.8; 165.1; FTMS (ESI) m/z 401.0490 [M + H]*; calcd for
C19H17BrN203: 401.0495.

H OMe
N
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~
N~ “CHs
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N-(2-Methoxyphenyl)-2-((2-methyl-6-(trifluoromethyl)quinolin-4-yl)oxy)acetamide
(6i): Yield 56%; m.p.: 203-204 °C; 'H NMR (500 MHz, DMSO-dg) & ppm 2.6 (s, 3 H),
3.8(s,3H),5.1(s,2H),6.9(t, J=7.1Hz, 1 H), 7.1 (m, 3H),8.0(d, J=8.8Hz, 1 H), 8.1
(d, J=7.8 Hz, 2 H), 8.5 (5, 1 H), 9.3 (s, 1 H); 3C NMR (126 MHz, DMSO-ds) & ppm
25.3, 55.6, 67.3, 103.5, 111.2, 118.2, 119.2, 119.3, 120.3, 120.9, 123.0, 124.6, 124.9,
125.0, 125.2, 126.3, 129.5, 149.2, 149.2, 149.4, 160.0, 162.9, 164.8; FTMS (ESI) m/z
391.1251 [M + H]"; calcd for C2oH17F3N203: 391.1264.

I\I/Ie OMe
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~
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2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(2-methoxyphenyl)-N-methylacetamide
(12a): Yield 72%; m.p.: 171-172 °C; *H NMR (500 MHz, DMSO-dg) & ppm 2.5 (s, 3
H), 3.1 (s, 3 H), 3.9 (d, J=19.6 Hz, 6 H), 4.5 (d, J=15.7 Hz, 1 H), 4.7 (d, J=15.2 Hz, 1
H), 6.5 (s, 1 H), 7.0 (t, J=6.8 Hz, 1 H), 7.2 (d, J=8.3 Hz, 1 H), 7.3 (s, 1 H), 7.3 (d, J=8.8
Hz, 1 H), 7.4 (m, 2 H), 7.7 (d, J=8.8 Hz, 1 H); *3C NMR (126 MHz, DMSO-ds) & ppm
25.1, 35.9, 55.3, 55.8, 65.5, 99.6, 101.6, 112.8, 119.6, 121.2, 121.5, 129.1, 129.4, 129.6,
130.1, 144.1, 154.6, 156.1, 156.5, 159.4, 166.2; FTMS (ESI) m/z 367.1643 [M + H]";
calcd for C21H22N204: 367.1652.

)
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2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-1-(piperidin-1-yl)ethan-1-one (12b): Yield
90%; m.p.: 105-105 °C; *H NMR (500 MHz, DMSO-dg) & ppm 1.5 (s, 3 H), 1.6 (s, 4 H),
25(s,2H),34(s,4H),39(,3H),51(,2H),6.8(s,1H),7.3(d, J=9.3 Hz, 1 H),
7.4 (s, 1 H), 7.8 (d, J=9.3 Hz, 1 H); 3C NMR (126 MHz, DMSO-ds) & ppm 23.9, 25.1,
25.3, 26.0, 42.2, 45.1, 55.3, 59.8, 66.0, 99.7, 102.3, 119.8, 121.4, 129.5, 144.1, 156.2,
156.8, 159.5, 164.5; FTMS (ESI) m/z 315.1694 [M + H]"; calcd for CigH22N203:
315.1703.

3
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2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N,N-diphenylacetamide (12c): Yield 31%;
m.p.: 173-174 °C; *H NMR (500 MHz, DMSO-ds) & ppm 2.6 (s, 3 H), 3.4 (s, 2 H), 3.8
(s, 3H), 4.9 (s, 2 H), 6.7 (s, 1 H), 7.3 (m, 11 H), 7.7 (d, J=9.3 Hz, 1 H); 3C NMR (126
MHz, DMSO-ds) 6 ppm 25.0, 55.2, 66.0, 99.5, 101.8, 119.6, 121.5, 129.4, 144.0, 156.0,

156.7, 159.2, 166.0; FTMS (ESI) m/z 399.1698 [M + H]"; calcd for CsH22N20s:
399.1703.

H
L CO
Meomo
—

N~ “CH,3
2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(5,6,7,8-tetrahydronaphthalen-2-
yl)acetamide (12d): Yield 99%; m.p.: 163-164 °C; *H NMR (500 MHz, DMSO-ds) &
ppm 1.7 (m, 4 H), 25 (s, 3 H), 2.7 (m, 4 H),39(s,3H),50(s,2H),6.8(s,1H),7.0
(d, J=8.3 Hz, 1 H), 7.3 (d, J=7.8 Hz, 1 H), 7.4 (m, 2 H), 7.5 (5, 1 H), 7.8 (d, J=8.8 Hz, 1
H), 10.1 (s, 1 H); °C NMR (126 MHz, DMSO-ds) & ppm 22.6, 22.7, 25.0, 28.2, 28.9,
55.3, 67.0, 100.0, 102.1, 117.2, 119.7, 119.9, 121.5, 129.0, 129.4, 132.0, 135.6, 136.7,

144.1, 156.1, 156.7, 159.4, 165.2; FTMS (ESI) m/z 377.1850 [M + H]*; calcd for
C23H24N203: 377.1860.
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N-(2,3-Dihydro-1H-inden-5-yl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide
(12e): Yield 73%; m.p.: 192-193 °C; *H NMR (500 MHz, DMSO-ds) & ppm 2.0 (q,
J=7.3Hz,2H),25(,3H)28(m,4H),39(,3H),50(s,2H),6.8(,1H),7.2(,
J=7.8Hz, 1 H),7.3(m,2H),7.5(d, J=29Hz,1H), 7.6 (s,1H),7.8(d, J=9.3Hz, 1H),

10.1 (s, 1 H); *C NMR (126 MHz, DMSO-ds) & ppm 25.0, 25.1, 31.8, 32.5, 55.4, 67.1,
100.1, 102.2, 115.9, 117.8, 119.7, 121.5, 124.2, 129.5, 136.5, 139.0, 144.1, 144.2,
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156.2, 156.8, 159.4, 165.3; FTMS (ESI) m/z 363.1695 [M + H]*; calcd for C22H22N20s:
363.1703.

H
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2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(5,6,7,8-tetrahydronaphthalen-1-
ylacetamide (12f): Yield 66%; m.p.: 218-219 °C; 'H NMR (500 MHz, DMSO-dg) §
ppm 1.7 (m, 4 H), 2.6 (s, 3H), 2.6 (m, 2 H), 2.7 (m, 2 H), 3.9 (s, 3 H), 5.0 (s, 2 H), 6.9
(s, 1H),6.9(d, J=7.3Hz, 1 H), 7.1 (t, )=7.6 Hz, 1 H), 7.3 (d, J=7.8 Hz, 1 H), 7.3 (dd,
J=9.0, 2.7 Hz, 1 H), 7.6 (s, 1 H), 7.8 (d, J=8.8 Hz, 1 H), 9.4 (s, 1 H); *C NMR (126
MHz, DMSO-dg) 6 ppm 22.2, 22.3, 24.1, 25.0, 29.1, 55.4, 67.3, 100.3, 102.3, 119.7,

121.4, 122.6, 125.1, 126.4, 129.4, 135.1, 137.5, 144.2, 156.3, 156.7, 159.2, 165.6;
FTMS (ESI) m/z 377.1847 [M + H]*; calcd for CasH2aN2Os: 377.1860.
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(S)-2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(1,2,3,4-tetrahydronaphthalen-1-
ylacetamide (12g): Yield 52%; m.p.: 190-191°C; *H NMR (500 MHz, DMSO-dg) §
ppm 1.8 (m, 2 H), 1.9 (m, 2 H), 2.5 (s, 3 H), 2.7 (m, 2 H), 3.8 (s, 3 H), 4.8 (s, 2 H), 5.1
(m, 1 H),6.8(s,1H),7.1(m,4H),7.3(dd, J=9.0, 2.7 Hz, 1 H), 7.4 (d, J=2.4 Hz, 1 H),
7.8 (d, J=8.8 Hz, 1 H), 8.6 (d, J=8.8 Hz, 1 H); 13C NMR (126 MHz, DMSO-ds) 5 ppm
20.1, 25.0, 28.7, 29.6, 46.4, 55.3, 67.1, 100.2, 102.1, 119.7, 121.5, 125.7, 126.8, 127.9,
128.8, 129.4, 137.1, 137.1, 144.1, 156.1, 156.7, 159.4, 166.3; FTMS (ESI)m/z
377.1848[M + H]*; calcd for C23H24N203: 377.1860.
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(R)-2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(1,2,3,4-tetrahydronaphthalen-1-
yl)acetamide (12h): Yield 79%; m.p.: 190-191 °C; *H NMR (500 MHz, DMSO-ds) &
ppm 1.8 (s, 2 H), 1.9 (s, 2 H), 2.5 (s, 3 H), 2.7 (m, 2 H), 3.8 (s, 3 H), 4.9 (s, 2 H), 5.1 (s,
1H),6.8(s,1H),7.1(m,3H),7.3(d, J=9.3Hz,1H),7.4(s,1H),7.8(d, J=8.8Hz 1
H), 8.6 (d, J=8.3 Hz, 1 H); 3C NMR (126 MHz, DMSO-dg) & ppm 20.1, 25.0, 28.7,
29.6, 46.4, 55.3, 67.1, 100.2, 102.1, 119.7, 121.5, 125.7, 126.8, 127.9, 128.7, 129.4,
137.1, 137.1, 144.1, 156.1, 156.7, 159.4, 166.3; FTMS (ESI) m/z 377.1860 [M + H];
calcd for C23H24N203: 377.1860.
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N-(3,4-Dimethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (12i):
Yield 88%; m.p.: 169-170 °C; *H NMR (500 MHz, DMSO-ds) & ppm 2.1 (s, 3 H), 2.2
(s,3H),25(,3H),39(,3H),50(s,2H),6.8(s,1H),7.1(d,J=83Hz,1H), 7.4
(m,2H),7.4(s,1H), 7.5(d, J=2.4 Hz, 1 H), 7.8 (d, J=8.8 Hz, 1 H), 8.3 (s, 1 H), 10.1
(s, 1 H); $3C NMR (126 MHz, DMSO0-D6) & ppm *C NMR (126 MHz, DMSO-dg) &
ppm 18.8, 19.6, 25.1, 55.4, 67.1, 79.2, 100.1, 102.2, 117.2, 119.7, 120.8, 121.6, 129.5,

129.6, 131.5, 136.1, 136.4, 144.2, 156.2, 156.8, 159.5, 165.3; FTMS (ESI) m/z
351.1696 [M + H]"; calcd for C21H22N203: 351.1703.
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2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(p-tolyl)acetamide (12j): Yield 56%;
m.p.: 188-189 °C; *H NMR (500 MHz, DMSO-dg) & ppm 2.2 (s, 3 H) 2.5 (s, 3 H) 3.9 (s,
3H)5.0(s,2H)6.8(s,1H)7.1(d,J=7.8Hz,2H) 7.3 (d, J=9.3Hz, 1 H) 7.5 (m, 3 H)
7.8 (d, J=8.8 Hz, 1 H) 10.2 (s, 1 H); *C NMR (126 MHz, DMSO-ds) & ppm 20.4, 25.1,
55.4, 67.1, 100.1, 102.2, 119.7, 119.7, 121.5, 129.1, 129.5, 132.7, 135.8, 144.2, 156.2,

156.8, 159.4, 165.4; FTMS (ESI) m/z 337.1540 [M + H]*; calcd for CzoH20N20sa:
337.1547.
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N-(4-Ethylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (12k): Yield
68%; m.p.: 198-199 °C; *H NMR (500 MHz, DMSO-dg) & ppm 1.1 (s, 3 H), 2.5 (s, 5 H),
39(s,3H),5.0(s,2H),6.8(s,1H),7.2(d,J=4.4Hz,2H),7.3(d,J=5.9Hz,1H),75
(d, J=12.7 Hz, 3 H), 7.8 (s, 1 H), 10.2 (s, 1 H); *C NMR (126 MHz, DMSO-ds) § ppm
15.6, 25.0, 27.5, 55.3, 67.1, 100.1, 102.1, 119.7, 121.5, 127.9, 129.4, 136.0, 139.1,

144.1, 156.2, 156.8, 159.4, 165.3; FTMS (ESI) m/z 351.1696 [M + H]*; calcd for
Co1H2oN203: 351.1703.
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2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(4-propylphenyl)acetamide (12l): Yield
83%; m.p.: 194-195 °C; *H NMR (500 MHz, DMSO-ds) § ppm 0.9 (t, J=7.3 Hz, 3 H),
16(s,J=74Hz, 2H),25(m,2H),25(s,3H),39(s,3H),50(s,2H),6.9(s,1H),
7.1(d, J=8.8 Hz, 2 H), 7.4 (dd, J=8.8, 2.9 Hz, 1 H), 7.5 (d, J=2.4 Hz, 1 H), 7.5 (d, J=8.8
Hz, 2 H), 7.8 (d, J=9.3 Hz, 1 H), 10.2 (s, 1 H); °C NMR (126 MHz, DMSO-ds) § ppm
13.6,24.1, 25.1, 36.7, 55.4, 67.1, 100.1, 102.2, 119.7, 121.6, 128.6, 129.5, 136.1, 137.5,
144.2, 156.2, 156.9, 159.5, 165.4; FTMS (ESI) m/z 365.1851 [M + H]*; calcd for
C22H24N203: 365.1860.
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N-(4-Butylphenyl)-2-((6-methoxy-2-methylquinolin-4-yl)oxy)acetamide (12m): Yield
84%; m.p.: 143-174 °C; *H NMR (500 MHz, DMSO-dg) § ppm 0.9 (t, J=7.3 Hz, 3 H),
1.3 (s,J=73Hz,2H),15(q,J=75Hz, 2 H),25(m, 2 H), 25 (s, 3 H),3.9 (s, 3H),
50(s, 2 H),6.9 (s, 1H),71(d, J=8.3Hz 2 H), 7.4 (dd, J=9.0, 2.7 Hz, 1 H), 7.5 (d,
J=2.9 Hz, 1 H), 7.5 (d, J=8.3 Hz, 2 H), 7.8 (d, J=9.3 Hz, 1 H); 3C NMR (126 MHz,
DMSO-ds) 6 ppm 13.7, 21.6, 25.0, 33.1, 34.1, 55.3, 67.0, 100.0, 102.1, 119.6, 121.5,
128.4,129.4, 136.0, 137.6, 144.1, 156.1, 156.7, 159.4, 165.3; FTMS (ESI)m/z 379.2023
[M + H]"; calcd for CasH26N203: 379.2016.
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2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-N-(4-pentylphenyl)acetamide (12n): Yield
95%:; m.p.: 118-119 °C; 'H NMR (400 MHz, DMSO-ds) & ppm 2.6 (s, 3 H), 3.9 (s, 3 H),
5.0 (s, 2 H), 7.0 (m, 1 H), 7.0 (s, 1 H), 7.1 (m, 2 H), 7.8 (m, 2 H), 8.1 (d, J=8.2 Hz, 1 H),
8.3 (d, J=1.2 Hz, 1 H), 9.4 (s, 1 H); 3C NMR (101 MHz, DMSO-ds) & ppm 25.4; 56.0;
67.2; 103.3; 111.2; 118.0; 120.3; 120.5; 120.8; 123.4; 124.8; 126.4; 130.4; 132.9;
146.9; 149.1; 158.6; 160.8; 165.1; FTMS (ESI) m/z 393.2147 [M + H]*; calcd for
C24H28N203: 393.2173.

1.4 General procedure for the preparation of the 2-(quinolin-4-
ylamino)acetamides 9a-b.

Under argon atmosphere, sodium hydride (25 mg) dispersed in oil was washed with dry
hexane and then stirred in dry DMSO (4 mL) at 45 °C for 20 min. The solution
containing the 2-methyl-6-methoxy-4-aminoquinoline 7 (0.5 mmol) dissolved in 4 mL
of dry DMSO was added drowpwise to the mixture which was stirred for 20 min at 75
°C. 2-Bromo-N-acetamides 8a and 8b (0.5 mmol) in DMSO (2 mL) was kept under
argon atmosphere and added to the reaction mixture with subsequent stirring for 3 h at
80 °C. After completion of the reaction (evaluated by TLC), the reaction mixture was
allowed to cool, poured into crushed ice, and then extracted with ethyl acetate (3 x 50
mL). The organic layer was washed with water and dried using magnesium sulfate
before to be evaporated and dried under vacuum.? Purification of the compound was
accomplished by flash chromatography on silica gel (Macherey-Nagel, 35-70 mesh)
eluting with hexane and ethyl acetate (7:3, 1:1, 3:7, 0:1) and ethyl acetate and methanol
(9:1).

MeO O

2-((6-Methoxy-2-methylquinolin-4-yl)amino)-N-(2-methoxyphenyl)acetamide (9a):
Yield 31% (0.113 g), m.p.: 174-175 °C. *H NMR (500 MHz, DMSO-ds) & ppm 2.4 (s, 3
H), 3.7 (s, 3 H), 3.9 (s, 3H), 4.2 (s, 2 H), 6.4 (s, 1 H), 6.9 (t, J=7.1 Hz, 1 H), 7.0 (d,
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J=7.8 Hz, 1 H), 7.0 (d, J=7.3 Hz, 1 H), 7.3 (d, J=8.8 Hz, 1 H), 7.6 (s, 1 H), 7.7 (m, 2 H),
8.0 (d, J=7.3 Hz, 1 H), 9.3 (s, 1 H). 3C NMR (126 MHz, DMSO-de) & ppm 24.3, 46.4,
55.6, 55.7, 99.0, 100.9, 111.2, 117.8, 120.4, 120.8, 120.9, 124.4, 126.9, 128.7, 149.1,
149.8, 155.4, 155.8, 168.0. FTMS (ESI) m/z 352.1669 [M + H]*; calcd for CaoH21N3Os:
352.1656.
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2-((6-Methoxy-2-methylquinolin-4-yl)amino)-N-(naphthalen-2-yl)acetamide (9b):
Yield 28% (0.107 g), m.p.: 243-244 °C. 'H NMR (500 MHz, DMSO-ds) & ppm 2.39 (s,
3H), 3.89 (s, 3H), 4.19 (s, 2H), 6.28 (s, 1H), 7.23 (d, J=9.3 Hz, 1H), 7.3 (m, 2 H), 7.4
(m, 1 H), 7.5 (s, 1 H), 7.6 (d, J=7.8 Hz, 2H), 7.7-7,8 (m, 3 H), 8.29 (s, 1H), 10.3 (s, 1H).
13C NMR (126 MHz, DMSO-ds) & ppm 24.99, 46.36, 55.52, 98.72, 100.87, 115.44,
117.93, 120.02, 120.22, 124.63, 126.41, 127.23, 127.42, 128.38, 129.78, 133.35,
136.37, 143.56, 149.42, 155.46, 155.91, 168.58. FTMS (ESI)m/z 372.1707 [M + H];
calcd for C23H21N302: 372.1707.

1.5 General procedure for the preparation of the 4-hydroxyquinolines 10 and 11.

The solution containing 4-hydroxyquinoline 5a (1.1 mmol) and excess of K.COs (3.12
mmol) dissolved in 6 mL of dimethylformamide (DMF) was added 2-bromo-1-
(naphthalen-2-yl)ethan-1-one or 2-(2-bromoethyl)naphthalene (1 mmol). The resulting
solution was kept under argon atmosphere and stirred for 8 h at 25 °C. After this time,
the reaction mixture was dissolved in 200 mL of distilled water. The precipitated
product was filtered off, washed with water and dried under vacuum. Purification of the
compounds was performed by flash chromatography on silica gel (Macherey-Nagel, 35-
70 mesh) using hexane: ethyl acetate (1:1) as eluent.

2-((6-Methoxy-2-methylquinolin-4-yl)oxy)-1-(naphthalen-2-yl)ethan-1-one (10): Yield
61% (0.113 g); m.p.: 176-177 °C; *H NMR (500 MHz, DMSO-ds) & ppm 2.5 (s, 3 H),
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3.9 (s, 3H), 6.0 (s, 2 H), 7.0 (5, 1 H), 7.3 (d, J=9.3 Hz, 1 H), 7.5 (s, 1 H), 7.7 (m, 2 H),
7.8 (dd, J=9.3, 2.0 Hz, 1 H), 8.0 (d, J=8.8 Hz, 2 H), 8.1 (m, 1 H), 8.2 (d, J=8.3 Hz, 1 H),
8.8 (s, 1 H); °C NMR (126 MHz, DMSO-ds) & ppm 25.0, 55.3, 70.5, 99.7, 102.5,
119.8, 1215, 123.3, 127.1, 127.8, 128.5, 128.9, 129.5, 129.6, 130.0, 131.5, 132.1,
135.3, 144.2, 156.3, 156.9, 159.4, 193.4; FTMS (ESI) m/z 358.1432 [M + H]"; calcd for
C23H19NO3: 358.1438.

(@)
s
N~ “CHj

6-Methoxy-2-methyl-4-(naphthalen-2-ylmethoxy)quinoline (11): Yield 76% (0.245 g),
m.p.: 158-159 °C. *H NMR (500 MHz, DMSO-ds) & ppm 2.5 (s, 3 H), 3.8 (s, 3 H), 5.5
(s,2H),7,0(s,1H),7.3(d,J=88Hz,1H),7.4(s,1H),75(s,2H), 7.7 (d,J=7.8Hz, 1
H), 7.8 (d, J=9.3 Hz, 1 H), 8.0 (m, 3 H), 8.1 (s, 1 H). *C NMR (126 MHz, DMSO-ds) &
ppm 25.1, 55.3, 69.7, 99.7, 102.5, 119.9, 121.3, 125.5, 126.3, 126.3, 126.4, 127.6,
127.9, 128.3, 129.6, 132.6, 132.8, 133.9, 144.1, 156.3, 157.0, 159.6. FTMS (ESI) m/z
323.1396 [M + H]*; calcd for C20H20N204: 323.1390.
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7. !H NMR and 13C NMR spectra of synthesized compounds
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Figure S1.*H RMN spectrum of 2-[(6-methoxy-2-ethylquinolin-4-yl)oxy]-N-(2-
methoxyphenyl)acetamide (6a) in DMSO-ds.
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Figure S2.3C RMN spectrum of 2-[(6-methoxy-2-ethylquinolin-4-yl)oxy]-N-(2-
methoxyphenyl)acetamide (6a) in DMSO-de.
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Figure S3.H RMN spectrum of 2-[(6-methoxy-2-propylquinolin-4-yl)oxy]-N-(2-
methoxyphenyl)acetamide (6b) in DMSO-ds.
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Figure S4.3C RMN spectrum of 2-[(6-methoxy-2-propylquinolin-4-yl)oxy]-N-(2-
methoxyphenyl)acetamide (6b) in DMSO-ds.
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Figure S5.*H RMN spectrum of 2-[(6-methoxy-2-isopropylquinolin-4-yl)oxy]-N-(2-
methoxyphenyl)acetamide (6¢) in DMSO-ds.
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Figure S6.*C RMN spectrum of 2-[(6-methoxy-2-isopropylquinolin-4-yl)oxy]-N-(2-
methoxyphenyl)acetamide (6¢) in DMSO-de.
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Figure S10. *C RMN spectrum of 2-[(6-ethoxy-2-methylquinolin-4-yl)oxy]-N-(2-
methoxyphenyl)acetamide (6e) in DMSO-de.
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Figure S12. C RMN spectrum of 2-[(6-fluoro-2-methylquinolin-4-yl)oxy]-N-(2-

methoxyphenyl)acetamide (6f) in DMSO-ds.

O/
(¢} NH
T
[e]
i AN
=
N CH,
6f
T
JL S .
95 9.0 85 8.0 75 70 6.5 6.0 55 chg:\‘ga\ shit (p:;:) 40 35 30 25 20 15 10 05
Figure S11.*H RMN spectrum of 2-[(6-fluoro-2-methylquinolin-4-yl)oxy]-N-(2-
methoxyphenyl)acetamide (6f) in DMSO-ds.
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Figure S13.*H RMN spectrum of 2-[(6-chloro-2-methylquinolin-4-yl)oxy]-N-(2-
methoxyphenyl)acetamide (6g) in DMSO-ds.
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Figure S14. 3C RMN spectrum of 2-[(6-chloro-2-methylquinolin-4-yl)oxy]-N-(2-
methoxyphenyl)acetamide (6g) in DMSO-ds.
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Figure S15.*H RMN spectrum of 2-[(6-bromo-2-methylquinolin-4-yl)oxy]-N-(2-

methoxyphenyl)acetamide (6h) in DMSO-ds.
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Figure S16.*C RMN spectrum of 2-[(6-bromo-2-methylquinolin-4-yl)oxy]-N-(2-

methoxyphenyl)acetamide (6h) in DMSO-ds.
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Figure S17.*H RMN spectrum of 2-[(6-trifluoromethyl-2-methylquinolin-4-yl)oxy]-N-
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Figure S18.*C RMN spectrum of 2-[(6-trifluoromethyl-2-methylquinolin-4-yl)oxy]-N-
(2-methoxyphenyl)acetamide (6i) in DMSO-de.
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Figure S20. *C RMN spectrum of N-[(6-methoxy-2-methylquinolin-4-yl)-N*-(2-
methoxyphenyl)glycinamide (9a) in DMSO-ds.
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Figure S21.*H RMN spectrum of N2-[(6-methoxy-2-methylquinolin-4-yl)-N*-(2-
naphtyl)glycinamide (9b) in DMSO-de.
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Figure S22. C RMN spectrum of N-[(6-methoxy-2-methylquinolin-4-yl)-N*-(2-
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Figure S23.*H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-1-(2-
napfthyl)ethanone (10) in DMSO-ds.
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Figure S24. 3C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-1-(2-
napfthyl)ethanone (10) in DMSO-ds.
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Figure S27.'H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(2-
methoxylphenyl)-N-methylacetamide (12a) in DMSO-de.
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Figure S28. 3C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(2-
methoxylphenyl)-N-methylacetamide (12a) in DMSO-ds.
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Figure S29.'H RMN spectrum of 6-methoxy-2-methyl-4-(2-oxo-piperidin-1-
ylethoxy)quinoline (12b) in DMSO-ds.
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Figure S30. *C RMN spectrum of 6-methoxy-2-methyl-4-(2-oxo-piperidin-1-
ylethoxy)quinoline (12b) in DMSO-ds.
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Figure S31.'H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N,N-
diphenylacetamide (12c) in DMSO-ds.
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Figure $32. 3C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N,N-
diphenylacetamide (12c) in DMSO-db.
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Figure S33.H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-
(5,6,7,8-tetrahydronaphthalen-2-ylphenyl)acetamide (12d) in DMSO-ds.
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Figure S34. C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-
(5,6,7,8-tetrahydronaphthalen-2-ylphenyl)acetamide (12d) in DMSO-ds.
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Figure S35.'H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(2,3-
dihydro-1H-inden-5-yl)phenylacetamide (12e) in DMSO-ds.
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Figure S36. 3C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(2,3-
dihydro-1H-inden-5-yl)phenylacetamide (12e) in DMSO-de.
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Figure S37.'H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-
(5,6,7,8-tetrahydronaphtalen-1-ylphenyl)acetamide (12f) in DMSO-ds.
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Figure S38.*C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-
(5,6,7,8-tetrahydronaphtalen-1-ylphenyl)acetamide (12f) in DMSO-de.
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Figure S39. 'H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-[(1S)-
1,2,3,4-tetrahydronapfthalen-1-yl]acetamide (12g) in DMSO-de.
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Figure S40. 3C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-[(1S)-
1,2,3,4-tetrahydronapfthalen-1-yl]acetamide (12g) in DMSO-de.
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Figure S41.*H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-[(1R)-
1,2,3,4-tetrahydronapfthalen-1-yl]acetamide (12h) in DMSO-ds.
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Figure S42. 3C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-[(1R)-
1,2,3,4-tetrahydronapfthalen-1-yl]acetamide (12h) in DMSO-ds.
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Figure S43.H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(3,4-
dimethylphenyl)acetamide (12i) in DMSO-ds.
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Figure S44. 3C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(3,4-
dimethylphenyl)acetamide (12i) in DMSO-ds.
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Figure S45.H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(4-
methylphenyl)acetamide (12j) in DMSO-de.
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Figure S46. 3C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(4-
methylphenyl)acetamide (12j) in DMSO-ds.
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Figure S47.H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(4-
ethylphenyl)acetamide (12k) in DMSO-de.
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Figure S48. 3C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(4-
ethylphenyl)acetamide (12k) in DMSO-de.
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Figure S49.'H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(4-
propylphenyl)acetamide (121) in DMSO-de.
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Figure S50. *C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(4-
propylphenyl)acetamide (121) in DMSO-ds.
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Figure S51. *H RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(4-
butylphenyl)acetamide (12m) in DMSO-ds.
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Figure S52. C RMN spectrum of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-N-(4-
butylphenyl)acetamide (12m) in DMSO-de.

84



. DMSO-d6
]
T 3
o
2 3
2 S
] |
=t
~ i}
8 %
~ 1)
. 2 o8
) o ;\ﬁ
g 3 BT
B o -
\ \ ! B
117 0.96 1.84 193 1.00 186 284 0.68 2.86 217 4.38 3.06
EHoOHH H H H H H el = =
LR A A R B B s R s L L B A A B B I A AN N L A A A AN A A A A AE AR RS SR AL s AR RAASA RAAAA ARAR
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)
H-9
<
&
<~
CH,

NOESY pulse (H-3)

|
WA A

—253

3
AR A B SN SN KN SN LA AR LN LR LA RARAE RSN REARS RALAN AN AAAN AL AN R RALAY AR
. . 70 65 6.0 55 50 45 40 35 30 25 20 15

Chemical Shift (ppm)

Figure S53. Top: Spectrum of *H NMR of 2-[(6-methoxy-2-methylquinolin-4-yl)oxy]-
N-(4-penthylphenyl)acetamide (12n) in DMSO-de; Bottom: Selective 1D NOESY
irradiation at = 6.83 ppm, the long-range interactions were observed between H-3

with H-9 and CHs.
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Figure S54. Top: 13C APT NMR spectrum of 2-[(6-methoxy-2-methylquinolin-4-

yl)oxy]-N-(4-penthylphenyl)acetamide (12n) in DMSO-ds; Bottom: *C NMR of
compound 12n in DMSO-ds.
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Table S1. *H NMR and 3C NMR chemical shift (5) values for compound 12n.
Oj/NH @
(‘3H3 o N 8 SCH,
[¢] 4a 4\3
a L/z CH

12n

3

Entry 'HNMR & (ppm) 3C NMR § (ppm)

CHs 2.54 25.06
2 - 156.22
3 6.85 102.15
4 - 156.80
4* - 119.73
5 7.52 100.08
6 - 159.44
7 7.34 121.54
8 7.79 128.47
R - 144.21
9 4.99 67.10
OCH; 3.89 55.35
C=0 - 165.38
I - 136.02
22,27 7.54 119.69
3,37 7.13 128.46
4 - 137.75
5’ 2.51 34.51
6’ 1.55 30.79
7 1.28 30.67
8 1.28 21.93

9 0.84 13.88




2. Biological Experimental Section

2.1 Mycobacterium tuberculosis inhibition assay

The measurements of the minimum inhibitory concentrations (MICs) for each tested
compound were performed in 96-well U-bottom polystyrene microplates. Isoniazid
(INH, control drug) and compound solutions were prepared at concentrations of 1
mg/ml in neat DMSO. They were diluted in Middlebrook 7H9 medium containing 10%
ADC (albumin, dextrose, and catalase) to a concentration of 20 pg/mL of each
compound containing 5% DMSO. Serial two-fold dilutions of each drug in 100 ul of
Middlebrook 7H9 medium containing 10% ADC were prepared directly in 96-well
plates at concentration ranges from 10.0 to 0.02 pg/ml. Growth controls without
antibiotic and sterility controls without inoculation were included. The MIC was
determined for M. tuberculosis H37Rv and for clinical isolate (PE-003) strains (see the
main text for more information about this strain). Mycobacterial strains were grown in
Middlebrook 7H9 containing 10% OADC (oleic acid, albumin, dextrose, and catalase)
and 0.05% tween 80, and cells were vortexed with sterile glass beads (4 mm) for 5 min
to disrupt clamps and then allowed to settle for 20 min. The supernatants were measured
spectrophotometrically at an absorbance of 600 nm. The M. tuberculosis suspensions
were aliquoted and stored at -20 °C. Each suspension was appropriately diluted in
Middlebrook 7H9 broth containing 10% ADC to achieve an optical density of 0.006 at
600 nm, and 100 ul was added to each well of the plate except to the sterility controls.
The plates were covered, sealed with parafilm, and incubated at 37 °C. After 7 days of
incubation, 60 ul of 0.01% resazurin solution was added to each well, and the plate was
incubated for an additional 48 hours at 37 °C.%2 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 conducted independently for each
compound and each strain, and the MIC values reported here were either observed in at
least two experiments or were the highest value observed among the three assays.

2.2 Cytotoxicity investigation

Cellular viability was determined after incubation with the test compounds essentially
as previously described.* The results were expressed as percentage of cell viability, in
which the untreated control wells were considered as 100% of cell viability. Briefly,
Vero cells were grown in DMEM media (Dulbecco's Modified Eagle Medium)
supplemented with 10% inactivated fetal bovine serum and 1% antibiotics (penicillin-
streptomycin). The cells were maintained in culture bottles at 37 °C in a humidified
atmosphere with 5% CO,. Cells were seeded at 3 x 10* cells/well (Vero) in a 96-well
microtiter plate and incubated for 24 hours to adhere. The medium was carefully
aspirated and replaced with 190 uL of DMEM and 10 pL of treatment drugs, resulting
in concentration of 20 uM (DMSO 0.5%, v/v). After 72 h at 37 °C under 5% COg, the
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cultures were incubated with MTT (1 mg/mL) for 2 h. The formazan crystals were dried
at room temperature for at least 24 h and dissolved in DMSO. The absorbance was
measured at 595 nm (Spectra Max M2e, Molecular Devices, USA). The precipitated
purple formazan crystals were directly proportional to the number of live cells with
active mitochondria. The percentage of cell viability for the treated groups was reported,
in which the control wells (DMSO 0.5%-treated) were considered as 100% of cell
viability: cell viability (%) = (absorbance of treated wells/absorbance of control wells) x
100. Data were expressed as the means of cell viability + standard error of the means of
three independent experiments performed in triplicate. Statistical analysis was
performed by one-way analysis of variance followed by Bonferroni’s post-test using
GraphPad Prism 5.0 (San Diego, CA, USA). Differences were considered significant at
the 95% confidence level.
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5 CONSIDERACOES FINAIS

Este trabalho foi realizado buscando aprimorar caracteristicas
farmacéuticas do composto 5s (Pissinate et al. 2016), previamente
desenvolvido pelo Centro de Pesquisa em Biologia Celular e Molecular.
Podemos observar que o aumento da lipofilicidade dos compostos levou a uma
melhora no MIC, chegando ao composto 12n com MIC de 5,1 nM frente & cepa
H37Rv sendo definido como o novo composto lider.

Mais trabalhos ainda serdo necessarios para avaliar melhor as
caracteristicas farmacéuticas do composto 12n, assim como caracterizar sua
farmacodinamica e farmacocinética.
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