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RESUMO 

A Doença de Chagas e a Tripanossomíase Africana (HAT) são doenças 

negligenciadas, cujos agentes etiológicos são Trypanosoma cruzi e Trypanosoma 

brucei, respectivamente. Um dos alvos validados para o desenvolvimento de 

medicamentos para o tratamento dessas doenças são as proteases, como a cruzaína, 

principal cisteíno-protease do T. cruzi e a TbrCATL para T. brucei. Após uma triagem, 

utilizando docking e High-throughput screening (HTS), o composto quiral N-(1-((2-

(furan-2-il)-2-(piperidin-1-il)etil)amino)-3-metil-1-oxobutan-2-il)furan-2-carboxamida 2 

foi identificado como um inibidor não covalente de cruzaína. Em outra triagem foi 

identificado o composto N4-benzil-N2-fenilquinazolina-2,4-diamina PH100 como 

inibidor não covalente das enzimas cruzaína e TbrCATL. Neste trabalho é descrita a 

síntese de quatro intermediários-chave para obtenção dos quatro estereoisômeros do 

composto 2, assim como a síntese dos quatro possíveis estereoisômeros deste 

composto. A síntese de nove análogos de PH100 também é descrita. Os building 

blocks foram sintetizados a partir do furfural ou ácido furóico, utilizando reagentes 

comerciais. Inicialmente, o furfural foi convertido em ácido furanilpropenóico através 

da reação de Doebner. Este ácido foi descarboxilado resultando em um vinilfurano, 

que foi submetido à dihidroxilação assimétrica de Sharpless, fornecendo um glicol S 

ou R. A proteção das hidroxilas foi seguida de uma SN2 com NaN3 resultando no 

derivado azido álcool, estereoespecificamente, com inversão da configuração. 

Reduzimos o grupamento azido para obter um aminoálcool, que foi protegido com 

(Boc)2O e em seguida sua hidroxila foi ativada com TsCl. Em seguida, substituímos o 

grupamento OTs por um grupamento azido em reação com NaN3. Posteriormente o 

grupo Boc foi removido e o anel piperidina foi formado. O grupamento azido foi 

reduzido, resultando no derivado de diamina 11S ou R, totalizando doze etapas para 

cada estereoisômero S ou R. Para obter os outros dois building blocks começamos 

com o ácido furóico 17 sendo acoplado ao S- ou R-2-amino-3-metilbutanoato de 

metila. Convertemos este éster a ácido carboxílico, e logo após ao éster ativado 2,5-

dioxopyrrolidin-1-yl 2-(furan-2-carboxamido)-3-metilbutanoato (20R ou S).  

Finalizamos a rota realizando o acoplamento dos building blocks 11S ou R e 20R ou 

S, em diferentes reações, resultando nos quatro estereoisômeros do composto 2. Os 

compostos foram caracterizados por seus espectros no IV e RMN.  

Palavras-chave: Doença de Chagas; HAT; cruzaína; TbrCATL; síntese assimétrica. 
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ABSTRACT 

 

Chagas disease and Human African trypanosomiasis (HAT) are neglected 

diseases, whose etiological agents are Trypanosoma cruzi and Trypanosoma brucei, 

respectively. One of the validated drug target class for the treatment of these diseases 

are proteases, such as cruzain, the main T. cruzi cysteine protease and TbrCATL for 

T. brucei. After a screening, using docking and High-throughput screening (HTS), the 

chiral compound N-(1-((2-(furan-2-yl)-2-(piperidin-1-yl)ethyl)amino)-3-methyl-1-

oxobutan-2-yl)furan-2-carboxamide 2 was identified as a non-covalent inhibitor of 

cruzain. In another computational trial, with commercially available compounds from 

database, N4-benzyl-N2-phenylquinazoline-2,4-diamine PH100 was identified as non-

covalent inhibitor for cruzain and TbrCATL.  In this work, we described the synthesis 

of four building blocks to obtain the four stereoisomers of 2, as well as the synthesis of 

these four stereoisomers. The synthesis of nine PH100 derivatives is described too. 

The building blocks were synthesized in several steps starting from furfural or 2-furoic 

acid and using commercially available reagents. First, furfural was converted to 

furanylpropenoic acid by Doebner reaction. This acid was decarboxylated providing 

vinylfuran, that was submitted to asymmetric Sharpless dihydroxylation providing S or 

R enantiomer glycol. Protection of hydroxyl groups followed by reaction with NaN3 

provided the azido alcohol derivative, stereospecifically with inversion of configuration. 

We proceeded reducing the azido group to obtain an amino alcohol. This amino was 

protected with (Boc)2O and then the hydroxyl was activated with TsCl. Next, we 

replaced the OTs with NaN3 and then the Boc group was removed. At last, we made 

the formation of a piperidine ring and the azido group was reduced resulting in the 

diamine derivative 11S or R in 12 steps for each stereoisomer. To obtain the two 

another building blocks to synthesize 2 stereoisomers, we started with 2-furoic acid 17 

being coupled to S- or R- methyl 2-amino-3-methylbutanoate. After, we convert the 

ester to carboxylic acid resulting in S- or R-2-(furan-2-carboxamido)-3-methylbutanoic 

acid 19. At last, we coupled the building blocks 11S or R and 20R or S affording four 

stereoisomers of compound 2. Compounds were characterized by its IR and NMR 

spectra. 

Keywords: Chagas disease; HAT; cruzain; TbrCATL; asymmetric synthesis. 
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DIAD   Diisopropyl Azodicarboxylate 

DIPEA  N,N-Diisopropylethylamine 

DMA   N,N-Dimethylaniline 

DMAP   4-dimethylaminopyridine 

DMF   N,N-dimethylformamide  

DCM   Dichloromethane 

DMSO  Dimethyl Sulfoxide  

DMSO-d6  Deuterated DMSO   

E64     L-trans-epoxissuccinil-leucilamido (4-guanidino) butano 

EC50   Half Maximal Effective Concentration 

EDC   1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide 

ESI   Electrospray Ionization  
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Et3N   triethylamine  
EtOH   ethanol 

HMBC   Heteronuclear Multiple Bond Correlation 

HCl   Hydrochloric Acid 

His162  Histidine 162 

HPLC   High Performance Liquid Chromatography 

HRMS   High-Resolution Mass Spectrometry  

HSQC   Heteronuclear Single Quantum Correlation 

HTS   High-Throughput Screening 

HTVS   High Throughput Virtual Screening 

Hz   Hertz 

IC50   Half Maximal Inhibitory Concentration 

ICH3   Iodomethane 

IR   Infrared spectrometry  

IV   Infravermelho 

IS   Índice de Seletividade 

J   Coupling Constant 

K2CO3   Potassium Carbonate;  

Ki    Constante de inibição 

K3Fe(CN)6  Potassium hexacyanoferrate(III) 

KOH   Potassium hydroxide 

K2OsO2(OH)4 Potassium osmate(VI) dihydrate 

LiOH   Lithium Hydroxide  

m   Multiplet 

MeOH   Methanol 

MHz   Megahertz 

MW   Molecular Weight 

NaBH4  Sodium Borohydride 

NaHCO3  Sodium Bicarbonate 

NaN3   Sodium Azide 

NaOH   Sodium Hydroxide 

Na2SO4  Sodium Sulfate 

NHS   N-hidroxissuccinimida 

NMR   Nuclear Magnetic Resonance 
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PDB   Protein Data Bank 

Pd(OAc)2  Palladium(II) Acetate 

PM   Peso Molecular 

PPh3   Triphenylphosphine 

ppm   Parts Per Million 

POCl3   Phosphoryl Chloride 

PTLC   Preparative Thin-Layer Chromatography 

Py   Pyridine  

q   Quartet 

quint   Quintet 

REA   Relação Estrutura Atividade 

RMN   Ressonância Magnética Nuclear  

rt   Room Temperature  

s   Singlet 

SAR   Structure−Activity Relationship  

SFB   Serum Fetal Bovine 

sl   Singlet Large 

t   Triplet 

ta   Temperatura Ambiente 

td   Triplet of Doublets 

T. brucei  Trypanosoma brucei  

T. cruzi  Trypanosoma cruzi 

THF   Tetrahydrofuran 

TLC   Thin-Layer Chromatography 

TMS   Tetramethylsilane 

TsCl   p-Toluenesulfonyl chloride 

UV   Ultraviolet 

Z-FRAMC  Z-Phe-Arg-aminomethylcoumarin 

δ   Chemical Shifts 
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1 Introdução 

As doenças tropicais negligenciadas são endêmicas afetando mais de um bilhão 

de pessoas em todo o mundo. As condições de pobreza, como falta de saneamento 

adequado e contato próximo com vetores infecciosos, estão diretamente relacionadas 

a essas infecções. Dentre este grupo encontram-se as tripanossomíases, Doença de 

Chagas e Doença do Sono Africana, ambas causadas por tripanossomatídeos. 

Trypanosoma cruzi é o agente causador da doença de Chagas, enquanto o 

Trypanosoma brucei causa a Doença do Sono Africana. Estas tripanossomíases se 

apresentam em fase aguda e crônica, na qual a fase crônica é mais sintomática e 

onde ocorrem os maiores agravos ao paciente. Nifurtimox (Lampit®) e benznidazol 

(Rochagan®) são os fármacos disponíveis para o tratamento da Doença de Chagas, 

ambos estando em uso há mais de 5 décadas, com mecanismos de ação baseados 

na ação de radicais livres inespecíficos para o parasito e com baixa eficácia na fase 

crônica e sintomática da enfermidade. Para Doença do Sono dispomos de 2 opções 

de tratamento para fase aguda: pentamidina (NebuPent®), suramina (Germanin®) e 

duas opções de tratamento para fase crônica: melarsoprol (Arsobal®) e eflornitina 

(Ornidyl®). Desde 2019 há uma nova opção de tratamento apenas para casos 

causados pelo T. b. gambiense, o fármaco fexinidazol.  

 Em comum estas parasitoses apresentam como suas principais cisteíno-

proteases cruzaína e TbrCATL (rodesaína), enzimas que apresentam alta homologia 

em suas estruturas primárias, assim como em seus sítios ativos. Ambas são alvos 

terapêuticos validados e realizam papéis fundamentais para a sobrevivência do 

parasito no hospedeiro. Diversos estudos utilizando as estruturas tridimensionais 

disponíveis destas enzimas foram desenvolvidos na busca por seus inibidores, tendo 

sido identificados muito compostos promissores. Em uma parceria, nosso grupo de 

pesquisa desenvolveu duas frentes de investigação com base em estudos 

computacionais utilizando estas enzimas como alvos terapêuticos. Nestes estudos 

trabalhamos com dois candidatos a inibidores enzimáticos, uma quinazolina que foi 

ativa para ambas as enzimas e um composto difuranil quiral que foi investigado 

somente para cruzaína. O composto quinazolínico foi priorizado em um estudo 

utilizando o Malária Box como fonte de compostos, por suas boas atividades frente 

cruzaína e TbrCATL. Diante destes resultados investimos em estudos computacionais 
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na busca por duas séries de análogos deste composto. Como resultado do High 

Throughput Virtual Screening (HTVS) obtivemos uma vasta gama de compostos, os 

quais foram selecionados chegando a um grupo de compostos chaves que foram 

objeto de um estudo de Docking XP, pela qual uma análise minuciosa dos candidatos 

a análogos foi conduzida. Foi proposta uma série primária de 10 compostos, 

resultando em um composto com IC50 (Half Maximal Inhibitory Concentration) frente a 

cruzaína de 2,4 µM e um EC50 (Half Maximal Effective Concentration) de 0,5 µM para 

T. cruzi. Infelizmente, ao avaliar se o composto realizava somente inibição competitiva 

foi identificado alto potencial na formação de agregados moleculares, indicando 

inibição dual e/ou inespecífica. Este perfil de inibição foi observado para a maioria dos 

compostos da série, estando diretamente relacionado aos compostos com clogP 

próximo a 5 e contendo substituintes mais hidrofóbicos. Diante destes resultados foi 

proposta uma otimização baseada na estrutura destes compostos obtendo uma nova 

série de nove compostos, focando em substituintes mais polares, com a finalidade de 

evitar inibição inespecífica. Nesta série secundária nenhum composto demonstrou 

propriedades agregantes e as atividades enzimáticas e tripanocidas foram mantidas. 

Em outro estudo virtual um composto difuranil quiral foi identificado como potencial 

inibidor de cruzaína. Na série destes compostos quirais foi realizada a síntese de 

quatro estereoisômeros deste composto em 16 passos de síntese, sua caracterização 

e elucidação estrutural. 
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2 Revisão do Tema 

2.1 Doenças Tropicais Negligenciadas 

As doenças tropicais negligenciadas (DNTs) são endêmicas principalmente entre 

populações carentes, afetando mais de um bilhão de pessoas em todo o mundo1. As 

condições de pobreza, como falta de saneamento adequado e contato próximo com 

vetores infecciosos, estão diretamente relacionadas a essas infecções2. A doença de 

Chagas é uma DTN prevalente na América Latina, a qual afeta entre 6-7 milhões de 

pessoas no mundo2,3(Figura 1). O agente etiológico desta doença é o protozoário 

Trypanosoma cruzi, que possui três estágios de vida: epimastigota, presente no vetor 

(triatomíneo); amastigota, forma intracelular e replicativa e tripomastigota, forma 

infectante e circulante no sangue4. Esta parasitose se divide em dois estágios: fase 

aguda e crônica. A fase aguda é tipicamente assintomática, apesar da alta carga 

parasitária no sangue do hospedeiro, persistindo por 4-8 semanas. Nesta fase os 

parasitos utilizam diversos mecanismos para evadir a resposta imune, a fim de 

estabelecer a infecção no organismo. Há relatos de que o T. cruzi é capaz de modular 

vias de sinalização em células de mamíferos5. O T. cruzi evade a resposta imune do 

hospedeiro através da variação antigênica e da ação de proteases, evitando a lise e 

opsonização mediadas pelo sistema complemento, obtendo condições ideais para 

estabelecer a infecção. Esta persistência a longo prazo nos tecidos acarreta na 

evolução para a fase crônica6, que geralmente dura toda a vida do hospedeiro. Após 

driblar a resposta imune celular e humoral o parasito invade fagócitos onde persiste e 

se multiplica formando os chamados ninhos de amastigotas. Neste processo 

estímulos imunológicos são produzidos ocasionando dano tecidual e a resposta 

inflamatória através do mimetismo molecular, acarretando na produção de 

autoanticorpos6. Como consequências desta fase, temos o crescimento anormal de 

órgãos do sistema digestivo e/ou do coração, sendo a miocardite a principal causa de 

morte7.  
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Figura 1 – Distribuição global de casos da Doença de Chagas em todo o mundo, com base em 
estimativas da Organização Mundial de Saúde em 2018. Fonte: Organização Mundial de Saúde. 
 

Neste mesmo contexto de doenças tropicais negligenciadas temos a 

tripanossomíase humana africana (HAT), conhecida mais popularmente como doença 

do sono africana. Esta parasitose é causada por outro protozoário do gênero 

Trypanosoma, podendo ser causada por duas subespécies diferentes de 

Trypanosoma brucei: T. brucei gambiense e T. brucei rhodesiense. A transmissão 

acontece mediante picada da mosca tsé-tsé (glossina spp). Esse parasito possui 

quatro estágios de vida: tripomastigota metacíclico (forma infecciosa), tripomastigota 

(forma de multiplicação em fluidos como sangue e linfa no hospedeiro), epimastigota 

(vetor) e tripomastigota procíclico (formas de multiplicação presentes apenas no 

vetor)1,8. A parasitose tem duas fases: aguda ou hemolinfática, que pode persistir por 

meses e causar febre e linfoedemopatia; e a fase crônica ou neurológica, na qual o 

parasito atravessa a barreira hematoencefálica (BHE) causando alterações no sono, 

distúrbios psiquiátricos e sensoriais que podem levar à morte9. Mais de 98% dos casos 

de HAT são causados por T. b. gambiense, ocorrendo em 24 países da África 

Subsaariana, onde 57 milhões de pessoas vivem em áreas de risco de 

contaminação10. Em 2009, houve uma diminuição de novos casos de HAT, e pela 

primeira vez foram relatados menos de 10.000 casos em um ano2. 

Para a doença de Chagas, existem dois medicamentos disponíveis como 

tratamento: nifurtimox (Lampit®) e benznidazol (Rochagan®), no entanto, esses 
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medicamentos estão sendo usados para tratar essa doença há mais de 5 décadas e 

seus mecanismos de ação ainda não estão totalmente esclarecidos11,12 (Figura 2).  

 

 

Figura 2 – Nifurtimox e benznidazol, fármacos disponíveis para o tratamento da Doença de Chagas. 

 

Ambos são considerados pró-fármacos, sendo ativados pelas nitroredutases e 

atuando pela formação de radicais livres, resultantes da bioredução do grupo nitro. 

Esses efeitos tripanossomicidas foram atribuídos a essas espécies radicais, devido a 

mecanismos complexos que envolvem sua reação com lipídios, proteínas e DNA do 

T. cruzi13,14. Os radicais livres e os metabólitos eletrofílicos formados por esses 

fármacos não são específicos para o parasito, sendo também prejudiciais às células 

do hospedeiro. Essa baixa seletividade causa diversos efeitos adversos graves15–17, 

que muitas vezes ocasionam em abandono do tratamento18. Além disso, estes 

fármacos apresentam baixa eficácia na fase crônica da doença19, não sendo capazes 

de eliminar completamente o parasito e estão associados a múltiplos casos de 

resistência ao longo dos anos20. O diagnóstico geralmente é feito no estágio crônico, 

durante o qual os tratamentos disponíveis são menos eficazes. 

Os medicamentos disponíveis para o tratamento da HAT são: pentamidina 

(NebuPent®), suramina (Germanin®), melarsoprol (Arsobal®) e eflornitina (Ornidyl®) 

(Figura 3). Pentamidina e suramina podem ser utilizadas apenas na fase aguda da 

doença, pois não atravessam a BHE para tratar os sintomas neurológicos comuns na 

fase crônica21,22. Acredita-se que diaminas como a pentamidina interferem nos 

mecanismos nucleares, inibindo a síntese de DNA e RNA interferindo nos processos 

de replicação e transcrição, enquanto a suramina apresentou inibiucao de enzimática 

justificando sua atividade tripanocida, sendo ativa frente enzimas como diidrofolato 

redutase, timidina quinase e enzimas glicolíticas23,24. O melarsoprol e a eflornitina são 

capazes de atravessar a BHE e podem ser utilizados na fase crônica, no entanto, 

esses medicamentos apresentam importantes limitações em termos de eficácia, 

desenvolvimento de resistência e toxicidade para o paciente22,25,26. Eflornitina age 
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através da inibição da síntese de poliaminas, agindo na ornitina descarboxilase, 

enquanto o merlasoprol não possui seu mecanismo de ação elucidado23, sabe-se que 

há afinidade por grupos sulfidrila em proteínas, por apresentar arsênico trivalente em 

sua estrutura apresenta alta toxicidade25, como encefalopatia27. Essas informações 

reforçam a ideia de que existe uma grande necessidade de desenvolvimento de novos 

fármacos capazes de tratar essas doenças, evitando efeitos adversos e aumentando 

a qualidade de vida do paciente e sua adesão ao tratamento28. Em 2018 foi aprovado 

pelo European Medicines Agency (EMA) o primeiro medicamento de uso oral para 

HAT, desenvolvido pelo Drugs for Neglected Diseases initiative (DNDi) em parceria 

com a Sanofi29,30. Foi necessária uma década de pesquisas até a aprovação no EMA 

e o desenvolvimento deste medicamento foi possível graças ao incentivo de diversas 

instituições públicas e privadas para o financiamento de pesquisas para DTNs, 

demonstrando que com incentivo é possível desenvolver novas terapias para estas 

enfermidades. O medicamento foi aprovado com o nome de Fexinidazol Winthrop® e 

é produzido pela Sanofi, sendo um derivado 5-nitroimidazol, que não possui um 

mecanismo de ação totalmente eluciadado, mas é sugerido que ocorre ativação via 

nitrorredutases29,31. Na figura 3 constam todas as estruturas dos fármacos disponíveis 

para o tratamento da HAT. 

 

 

 
Figura 3 – Estrutura dos fármacos utilizados no tratamento da HAT: Pentamidina, suramina, 
melarsoprol, eflornitina e fexinidazol. 
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2.2 Cisteíno-Proteases e seus Inibidores 

Uma estratégia potencial para o tratamento de doenças parasitárias é a síntese 

de compostos que inibem seletivamente enzimas cruciais para os parasitos32. Uma 

das classes de alvos validados para o desenvolvimento de medicamentos para o 

tratamento destas doenças são as proteases, devido à sua importância para a 

sobrevivência do parasito no hospedeiro4. Dentro desta classe de proteases, a inibição 

de cisteíno-proteases é uma estratégia promissora para o desenvolvimento de novos 

fármacos anti-trypanosoma. A enzima cruzaína é a principal cisteíno-protease do T. 

cruzi, presente em todas as suas formas de vida, importante na aquisição de 

nutrientes, invasão de macrófagos por tripomastigotas, evasão da resposta imune, 

proliferação, e sobrevivência no hospedeiro18,33,34. Cruzaína é considerada um alvo 

molecular validado para o desenvolvimento de seus inibidores como opções de 

tratamento para doença de Chagas por conta do efeito antiparasitário observado in 

vitro associado à inibição da enzima5. Esta validação ocorre somente de forma 

química, visto que não é possivel confirmar a essencialidade da enzima através do 

nocaute do gene por se tratar de múltiplas cópias35. Em 1995, McGrath e 

colaboradores publicaram a primeira estrutura 3D da cruzaína complexada com um 

inibidor irreversível de peptídeos (Z-Phe-Ala-fluorometiletilcetona 1), através de 

cristalografia por difração de raios-X (Figura 4). Este estudo demonstrou que a 

cruzaína possui 215 aminoácidos em sua estrutura, organizados em dois domínios: 

um predominantemente formado por α-hélices e o outro por folhas β antiparalelas. 

Entre esses domínios, encontra-se seu sítio ativo, formado pelos resíduos cisteína 25, 

histidina 159 e asparagina 175. 
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Figura 4 – Estrutura 3D da cruzaína e do inibidor irreversível de peptídeos Z-Phe-Ala- 
fluorometiletilcetona 1. PDB ID: 1ME3. Figura preparada através do software BIOVIA Discovery Studio 
Visualizer 2020 (BIOVIA, 2019).  
 

  

A principal cisteíno-protease do T. brucei é a TbrCATL, popularmente 

conhecida como rodesaína, termo que atualmente está em desuso36. Esta enzima é 

essencial no processo de infecção, evasão da resposta imune do hospedeiro e 

essencial para o parasito ser capaz de atravessar a BHE e causar os sintomas 

neurológicos e mais graves durante a fase crônica37,38. Ambas as enzimas têm suas 

estruturas cristalográficas publicadas32,39 e, comparando suas estruturas primárias, foi 

observada uma homologia de 70% dentre elas (Figura 5). A publicação dessas 

estruturas estimulou o desenvolvimento racional de várias classes de inibidores 

dessas enzimas e, devido a essa alta homologia, é provável que inibidores de uma 

das enzimas também inibam a outra20. 

 

1 
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Figura 5 – Comparação das estruturas cristalográficas de cruzaína e TbrCATL: A) Sobreposição de 
cruzaína e TbrCATL; B) Sobreposição dos resíduos de aminoácidos de seus sítios ativos. Fonte: Figura 
preparada por Elany Barbosa Silva. 

 

Na busca por candidatos a inibidores destas enzimas diversas classes de 

moléculas foram estudadas e avaliadas, dentre estes inibidores enzimáticos, as 

vinilsulfonas são a classe de maior destaque, sendo estudadas desde 199540. Estes 

compostos são inibidores enzimáticos covalentes e irreversíveis, classificados como 

aceptores de Michael. Seu mecanismo de ação consiste na ligação covalente a 

enzima através de um ataque nucleofílico da cisteína 25 do sítio ativo da enzima ao 

centro eletrofílico destes inibidores41. Alguns compostos desta classe se destacaram 

como K02: com boas atividades contra epimastigotas de T. cruzi42, camundongos 

infectados com o parasito43 e sua estrutura foi obtida por cristalografia complexada a 

TbrCATL44. Com base na estrutura do K02, o composto K777 foi desenvolvido e 

demonstrou melhora na atividade em relação a K02, apresentando atividade frente 

cruzaína e TbrCATL39, tripanossomicida para tripomastigotas in vitro45. Ensaios de 

metabolismo em microssomas hepáticos46 e de perfis farmacocinéticos em 

camundongos43,47 e cães48 também foram realizados, confirmando o potencial da 

classe. Com base na estrutura destas vinilsulfonas mais promissoras, vários derivados 

foram desenvolvidos almejando obter melhores propriedades49–55. Entre os derivados 

mais promissores encontrados estão os derivados de nitroalquenos nos quais a 

porção vinilsulfona foi substituída por este grupo e também os derivados 

peptideomiméticos vinil heterocíclicos (PVHIs)56,57. Ambas as classes demonstraram 

boas atividades frente as enzimas, sendo inibidores reversíveis, apresentando-se 

como promissoras novas classes de inibidores enzimáticos a serem estudadas. 
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Dentre as outras classes estudadas, destacam-se: tiossemicarbazonas58–60, 

compostos que possuem baixo peso molecular e custo de produção, alinhados com 

mecanismo de inibição covalente reversível61; tiazóis e tiazolidinas17,62–64; derivados 

contendo nitrilas20,65–69; bromoisoxazolinas70–72 e outros73–76 (Figura 6). 

 

 

 

Figura 6 – Estrutura geral das principais classes de inibidores de cruzaína e rodesaína, destacando 
K777 e K02. 

 

Em geral é preferível identificar inibidores não covalentes para evitar possíveis 

causas de toxicidade, sendo a identificação de novos inibidores não covalentes de 

cruzaína e TbrCATL de grande importância na busca de novos fármacos para tratar 

essas doenças.  

2.3 Identificação de Potenciais Inibidores de Cruzaína e TbrCATL em nosso 

Grupo de Pesquisa em parceria com a UFMG. 

Em 2010, Ferreira e colaboradores77 realizaram um estudo de triagem 

computacional utilizando High Throughput Screening (HTS), pelo qual foram 

analisados em torno de 200 mil compostos. Após a utilização de diversos filtros como 

retirada de compostos com peso molecular superior a 500 g/mol, inibidores 

inespecíficos e formadores de agregados, 5 classes de inibidores de cruzaína (Figura 
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7) foram selecionadas. Estes compostos demonstraram potenciais atividades frente a 

cruzaína não sendo ativos frente a enzima homóloga a cruzaína em humanos.  

 

 

 

Figura 7 – Demonstração das sucessivas etapas de triagem feitas utilizando Docking e HTS de modo 
paralelo resultando em 5 classes de inibidores competitivos de cruzaína, incluindo o composto 
selecionado para nosso estudo (2). 

 

Dentre estes compostos, temos o composto quiral N-(1-((2-(furan-2-il)-2-

(piperidin-1-il)etil)amino)-3-metil-1-oxobutan-2-il)furan-2-carboxamida 2 que 

apresenta dois estereocentros em sua estrutura, podendo ser obtido como quatro 

estereoisômeros diferentes (Figura 8). Neste estudo o composto 2 foi adquirido da 
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base ZINC, possivelmente como uma mistura dos 4 estereoisômeros, já que não havia 

indicação contrária. Considerando que a atividade dos diferentes estereoisômeros é 

geralmente bastante variável, é provável que o estereoisômero mais potente dentre 

os quatro possíveis seja muito mais ativo do que a mistura que já mostrou uma 

atividade muito relevante neste estudo de 2010 (IC50 de 6 µM frente a enzima 

cruzaína). 

 

Figura 8 – Estruturas dos quatro estereoisômeros possíveis do composto 2. 

Em outro estudo com intuito de identificar possíveis inibidores não-covalentes 

para cruzaína e TbrCATL foram avaliados cerca de 400 compostos advindos sem 

custos do Malária Box78. Neste estudo foram selecionados alguns inibidores 

competitivos potenciais de ambas as enzimas, dentre estes o composto quinazolínico 

N4-benzil-N2-fenilquinazolina-2,4-diamina, denominado no presente trabalho de 

PH100 (Figura 9). O composto PH100 pertence a uma classe química da qual fazem 

parte os fármacos antitumorais inibidores de tirosina-quinase, gefitinibe e erlotinibe. 

Temos relatos na literatura de uma série de atividades relacionadas a classe das 

quinazolinas, como atividades antitumorais79,80, antiparasitárias81–84, 

antimicrobiana85,86 e antivirais87,88.  
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Figura 9 – Estrutura do composto PH100. 

Devido ao potencial já demonstrado pela classe de quinazolinas, aliado aos 

resultados do composto PH100 frente a cruzaína nestes estudos, foi realizada uma 

triagem virtual (High Throughput Virtual Screening - HTVS) para identificar análogos 

do PH100 a serem sintetizados. Nesta triagem virtual foram utilizados três núcleos 

diferentes: quinazolina, purina e pirimidina sendo combinadas a 94 diferentes aminas, 

como resultado 280.166 compostos foram encontrados. No passo seguinte foi 

aplicado um filtro de peso molecular (PM) priorizando compostos com PM inferior a 

350 g/mol, devido à possibilidade de apresentarem melhores propriedades 

farmacocinéticas. Após esse filtro foram obtidos 67.221 compostos, entre os quais 

3.365 eram derivados quinazolínicos. Dentre este grupo de quinazolinas 5% dos 

compostos (47) mais bem pontuados foram submetidos a um estudo de docking XP, 

pelo qual uma análise minuciosa dos candidatos a análogos foi conduzida (Figura 

10)89.  
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Figura 10 – Triagem Virtual e construção da biblioteca de potenciais inibidores de cruzaína e TbrCATL. 

Após análise minuciosa das poses destes compostos chave, bem como dos 

grupos substituintes mais frequentes nos derivados com poses consistentes com 

modos de interação já conhecidos para a enzima, foram priorizados 6 derivados 

quinazolínicos para síntese, além do composto PH100. Utilizando estratégias 

clássicas de modificação molecular outros 4 derivados foram desenhados, além dos 

derivados purínicos e pirimidínicos para comparação, totalizando 14 compostos para 

síntese. Nesta triagem foram priorizados compostos com o mesmo padrão de 

substituição de PH100, com aminas como substituintes nas posições 2 e 4 do anel 

quinazolínico, sendo esta série primária somente com variações na posição 2. Na 

série primária destes compostos PH100 e PH107 (derivado contendo uma para-

cloroanilina na posição 2) demonstraram as melhores atividades frente a enzima e ao 

parasito, não apresentando toxicidade significativa. PH100 apresentou um IC50 frente 

a cruzaína de 8 µM, inibição da enzima de 94% e um EC50 de 0,047 µM para T. cruzi. 

Além disso, o composto não demonstra importante citotoxicidade frente a mioblastos 
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C212 com Índice de Seletividade (IS) de 211. Enquanto PH107 apresentou um IC50 

frente a cruzaína de 2,4 µM, inibição da enzima de 78% e um EC50 de 0,5 µM para T. 

cruzi. Também sem apresentar citotoxicidade e com IS de 21. Ao sintetizar análogos 

estruturais destes compostos mais ativos da série primária promovendo a troca do 

núcleo quinazolínico por um núcleo purínico ou pirimidínico ocorreu perda da atividade 

dos compostos. Estes dados demonstram que o núcleo quinazolínico foi essencial 

para atividade destes compostos89. Com base nos dados obtidos foram propostas 

avaliações quanto a propriedades de inibição inespecífica desta série primária e após 

a análise destes resultados foi proposta uma nova série de compostos com uma 

otimização baseada na estrutura.  
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2.4  Objetivos  

2.4.1 Objetivos Gerais  

Sintetizar compostos planejados via modelagem molecular e avaliar suas 

atividades frente cruzaína e TbrCATL, a fim de identificar novas entidades químicas 

com potencial para tratar Doença de Chagas e Doença do Sono Africana. 

 

2.4.2 Objetivos Específicos  

a) Sintetizar 9 análogos quinazolínicos com variação na posição 4 baseados em 

atividades previamente relatadas. 

b) Avaliar a atividade inibitória dos compostos quinazolínicos frente as enzimas 

cruzaína e TbrCATL. 

c) Avaliar as atividades in vitro dos compostos quinazolínicos contra formas 

amastigotas de T. cruzi e T. b. brucei.  

d) Avaliar a citotoxicidade dos compostos quinazolínicos frente a mioblastos 

C2C12. 

e) Padronizar e sintetizar rota sintética para obtenção dos quatro building blocks 

necessários para sintetizar os estereoisômeros do composto 2. 

f) Sintetizar, purificar e caracterizar quimicamente os quatro estereoisômeros do 

composto 2. 
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3 Capítulo 1 - Estereoisômeros 

O texto completo desta seção, que na tese defendida ocupa o intervalo de páginas 49-88, 

foi suprimido por tratar-se de informações para publicação em periódico científico. Consta 

da descrição de todos os métodos de síntese utilizados para obter os compostos descritos 

neste trabalho. 
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4.1 Abstract 

Chagas disease and Human African trypanosomiasis are neglected diseases, 

and Trypanosoma cruzi and Trypanosoma brucei are its etiologic agents, respectively. 
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Proteases are a class of therapeutic targets validated for the treatment of these 

diseases, such as cruzain, the main cysteine protease (CP) of T. cruzi and TbrCATL 

(a.k.a. rhodesain), the main CP of T. brucei. Recently, we have identified N4-benzyl-

N2-phenylquinazoline-2,4-diamine named PH100 as a potential reversible inhibitor of 

these enzymes. Next, we have prioritized its derivatives using High–Throughput Virtual 

Screening, docking XP or classical medicinal chemistry modifications. In this work, we 

synthesized 19 quinazolinic compounds and 4 compounds replacing the quinazoline 

core by a pyrimidine or purine core. All compounds were evaluated for their inhibitory 

activities against the enzymes, as well as for their trypanocidal activities in vitro against 

amastigotes for T. cruzi. All of synthesized compounds were active against the parasite 

and most of them have presented enzyme inhibition. In general, quinazoline 

derivatives were more potent than pyrimidine and purine derivatives being promising 

to be developed as novel antitrypanosomal agents. 

 

Keywords: Chagas disease. Human African Trypanosomiasis. Trypanosoma cruzi. 

Trypanosoma brucei. Cruzain. TbrCATL. Reversible inhibitors. Buchwald-Hartwig 

Reaction. 
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4.2 Introduction 

Chagas Disease and Human African trypanosomiasis (HAT) are neglected 

tropical diseases. Chagas disease is widespread in Latin America, affecting 6-7 million 

people around the world1,2 and it is caused by protozoa Trypanosoma cruzi. HAT 

occurs in 24 countries of sub-Saharan Africa where 57 million of people lives are in 

risk areas3, it is caused by two different subspecies of Trypanosoma brucei: gambiense 

and rhodesiense4. Both diseases have two stages, acute and chronic phase. 

Nifurtimox (Lampit®) and benznidazole (Rochagan®) are the available drugs Chagas 

Disease’s therapy5. However, both drugs have severe limitations in its use, as several 

resistance cases and side effects6,7, which occasionally induces treatment 

discontinuation8. For HAT, pentamidine (NebuPent®) and suramine (Germanin®) are 

prescribed only in the acute phase9, cause are not able to cross the blood-brain barrier 

(BBB)10,11. Melarsoprol (Arsobal®) and eflornithine (Ornidyl®) are prescribed to treat 

the neurological symptoms that are common in the chronic phase of HAT10,11. As well 

as Chagas disease treatments, these drugs are associated with severe side effects 

due to their nonspecific mechanism of action. Recently, WHO approved a new option 

to treat HAT infections caused by gambiense subspecies, fexinidazole (Fexinidazole 

Winthrop®)12–14. Unfortunately, infections caused by rhodesiense subspecies in 

chronic phase are only treatable with melarsoprol9. Due to these trypanosomiases’ 

treatment issues, becoming the search for new effective treatments is crucial.  

Cruzain and TbrCATL (rhodesain – outdated term15) are the main cysteine 

protease of T. cruzi and T. brucei, respectively, and therapeutic targets for drug 

development. These enzymes are involved in processes like immune evasion, 

acquisition of nutrients, proliferation and differentiation steps for T. cruzi8,16 and 

immune evasion and BBB crossing for T. brucei17,18. Due to these essential roles, many 

efforts were made to find potent inhibitors to these enzymes16,19 and several chemical 

classes were studied and evaluated. Among them, vinylsulfones are the most 

prominent class, being studied since 199520. These compounds are covalent and 

irreversible enzyme inhibitors, regarded as Michael acceptors21. Some compounds of 

this class stood out with good activities against cruzain, TbrCATL and T. cruzi20,22–25, 

cured mice26 and dog27 infected with T. cruzi. Other classes were studied with good 

outcomes: thiosemicarbazones28–30, thiazoles and thiazolidines31–34; derivatives 
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containing nitriles7,35–39; bromoisoxazolines40–42 and others43–46. Previously, our group 

have screened 400 compounds from Malaria Box, provided by Medicines for Malaria 

Venture, against cruzain and TbrCATL in order to find new potential competitive 

inhibitors47. Compound N4-benzyl-N2-phenylquinazoline-2,4-diamine, denominated in 

the present work PH100, showed promising activities against cruzain and TbrCATL. 

PH100 belongs to a chemical class with many reports in the literature of activities as 

antitumor48,49, antiparasitic50–52, antimicrobial53,54 and antiviral55,56. Grounded in all 

these data, a virtual screening was proposed aiming new series of antitrypanosomal 

compounds. In this work, we designed these series, synthesized and characterized 

these compounds, evaluated against both enzymes and parasites as well as 

performed toxicity tests. 

 

4.3 Results and Discussion 

Chemistry 

 

In this work, we synthesized 18 quinazoline derivatives of compound PH100, to 

explore the impact of modifications at positions 2 and 4, and four compounds bearing 

a pyrimidine or purine core, to evaluate the role of the central ring. To prepare 

quinazoline compounds, anthranilic acid 1 was reacted with urea, providing 2,4-

dioxaquinazoline 2, which was submitted to a dichlorination at positions 2 and 4 of the 

ring with POCl3 (phosphoryl chloride) and DMA (N, N-dimethylaniline) resulting in 2,4-

dichloroquinazoline 3. With 3 in hand, positions 2 and 4 were substituted with adequate 

amines. In position 4 a nucleophilic aromatic substitution (SNAr) with appropriate amine 

was performed50. For position 2 the compounds were prepared by SNAr or Buchwald-

Hartwig reaction (Figure 11)57.  
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Figure 11 –Synthetic procedures to obtain 2.4-dichloroquinazoline 3. Reagents and conditions: a) urea, 
200 ºC, 73%; b) POCl3, DMA, 100 ºC, 20%; c) appropriate amine, sodium acetate, THF:H2O, 65 ºC, 
62%; d) appropriate amine, EtOH, 120 ºC, 28- 88%; e) appropriate amine, Pd(OAc)2, xantphos, Cs2CO3, 
DMF, 140 ºC, 10-52%; f) appropriate amine, EtOH, 120 ºC, 18 h, 38%.  

To synthesize compounds PH108, PH109, PH116, PH119 and PH120 the 

amines coupled to position 2 were previously prepared in two steps. First, we couple 

an aniline or a morpholine to p-nitrobenzoic acid 558 and after the nitro group was 

reduced to amino in presence of aqueous hydrazine giving 7a or 7b59 (Figure 12). 

 

 

Figure 12 – Synthesis of 4-amino-N-phenylbenzamid 7a and (4-aminophenyl)(piperidin-1-yl)methanone 
7b to obtain PH108, PH109, PH116, PH119 and PH120. Reagents and conditions: a) aniline or 
morpholine, EDC, DMAP, CH2Cl2, rt, 3 h; b) aqueous hydrazine 16 %, palladium acetate (II), isopropyl 
alcohol, 82°C, 3 h. 

 

The pyrimidine compounds (PH110 and PH112) were obtained from the 2,4-

dichloropyrimidine 9, under similar conditions described for the quinazoline series 

above (Figure 13).  

 

 

Figure 13 – Synthetic procedures for pyrimidinic compounds PH110 and PH112. Reagents and 
conditions: a) appropriate amine, sodium acetate, THF:H2O, 65 ºC, 25 %; b) appropriate amine, EtOH, 
120 ºC, 28-35%. 
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Purine analogues were prepared starting from 2,6-dichloro-9H-purine 10, which 

was methylated with iodomethane58. The resulting 2,6-dichloro-9-metyl-9H-purine 11 

was treated in similar, previously described conditions with benzylamine providing 

intermediate 12. Then, the substitution with appropriate amine at position 2 of the ring 

provided PH111 and PH113 in a Buchwald-Hartwig reaction57 (Figure 14). 

 

Figure 14 – Synthetic procedures to obtain purinic compounds PH111 and PH113. Reagents and 
conditions: a) CH3I, K2CO3, DMF, 0 ºC, 77%; b) appropriate amine, sodium acetate, THF:H2O, 65 ºC, 
36%; c) appropriate amine, Pd(OAc)2, xantphos, Cs2CO3, DMF, 140 ºC, 39-42%. 
 

Biological Evaluation 

 

All compounds were evaluated against the enzymes and parasites as illustrated 

in table 1. In the first series 9 derivatives of PH100 was designed by the modification 

of the substituent of phenyl ring at position 2 of quinazoline ring (PH102, 103, 106 and 

107) or replacement of the phenyl ring with heterocyclic cores (PH104 and 106) or with 

alkyl substituents (PH101) or by the extension of the structure (PH108 and PH109).  

All complete structures as well as enzyme activities are described in Table 1.  

 
Table 1. IC50 for cruzain and TbrCATL by PH100 analogs. 

     

Compound R1 R2 

IC50 

cruzain b 

(μM) 

T. cruzi  

EC50 

(μM)a 

IC50 

TbrCATL b 

(μM) 

T. b. brucei 

EC50 

(μM)c 



94 

  

PH100 

 
 

8 ± 1  0.047 ± 0.008 17.5 ± 0.5 17.5 ± 5.2 

PH101 

 

 

22 ± 1 0.5 ± 0.2  LA >50 

PH102 

 
 

18 ± 3 5.9 ± 3.2 23 ± 2 >50 

PH103 

 
 

18 ± 3 0.93 ± 0.04 26 ± 2 13.8 ± 5.2 

PH104 

 
 

LA 2.7 ± 0.9 LA >50 

PH105 

  

16 ± 2 5.6 ± 3.7 12.5 ± 0.5 >50 

PH106 

 
 

52 ± 4 0.5 ± 0.3 33 ± 2 15.1 ± 8.3 

PH107b 

 
 

2.4 ± 0.2 0.5 ± 0.3 3 ± 3 9.3 ± 5.2 

PH108b 

 

 

LA 1.8 ± 1.4 LA >50 

PH109 

 

 

7 ± 1 0.8 ± 0.5 22 ± 3 >50 

PH110 

 
 

LA 7 ± 1 LA >50 

PH112 b 

 
 

LA 7 ± 4 LA 25.0 ± 5.9 

PH111 

 
 

LA 2.2 ± 0.9 LA 23.8 ± 11.3 

PH113 

 
 

LA 12 ± 4 LA 18.4 ± 4.7 

PH114 

 

 

LA 0.07 ± 0.01 LA 9.0 ± 3.2 

PH115 
 

 

25 ± 5 0.09 ± 0.04 LA 17.8 ± 6.5 
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a IC50 values represent averages and standard errors of the mean obtained from at least two independent 

experiments, which were determined using seven different concentrations of the compounds in triplicate. Most 

curves were obtained from assays without pre-incubation with the enzymes, except for PH106 and PH117, which 

were pre-incubated with the enzymes for 10 minutes before addition of the substrate. b Compound evaluated at 20 

μM due to limited solubility. LA -low activity.  

 

The majority of compounds of the first series have inhibited at least 50% of 

enzymes activity at 100 μM. Only derivatives with a percentage of inhibition higher than 

50% against the enzymes were considered for the IC50 determination and they 

presented IC50 ranges between 2.4-52 μM for cruzain and 3-33 μM for TbrCATL. In 

general, this series was more active against cruzain than against TbrCATL. Among the 

derivatives designed by the modification of ring substituent, we highlight derivative 

PH107 which bears a hydrophobic and electron-withdrawing group (-Cl). It was active 

against cruzain and TbrCATL with a IC50 value of 2.4 and 3 μM, respectively. On the 

other hand, the presence of polar substituents (PH102, PH103 and PH106) or the 

replacement of phenyl by a polar ring (PH104 and PH105) decreased the activity of 

the series while the extension of the structure (PH109) kept the activity.      Based on 

PH116 

 

 
15 ± 4 22 ± 9 LA >50 

PH118 

 

 
7.30 ± 0.02 0.25 ± 0.03 LA 9.0 ± 1.4 

PH117 b 

  

14 ± 2 0.9 ± 0.5 LA 16.5 ± 5.2 

PH119 

 

 

13.5 ± 0.5 15 ± 3 LA >50 

PH120 

 

 

LA 0.8 ± 0.1 LA 2.7 ± 0.7 

PH121 
 

 

LA 35 ± 5 LA >50 

PH122 

 
 

2.50 ± 0.01 0.370 ± 0.003 LA 23.6 ± 2.2 

Benznidazole - - - 5.4 ± 0.3  LA 

Pentamidine - - - -  0.026 ± 0.004 

E64 

 (1 μM) 

-  0.030 ± 0.009 - 0.0037 ± 

0.0006  

- 
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PH100 and PH107 activities we synthesized some analogues replacing the core with 

a pyrimidine (PH110 - PH112) or purine ring (PH111 - PH113). Interestingly, these 

compounds showed poor activities for both enzymes, leading us to believe that the 

quinazoline ring is essential for enzyme inhibition.  

In order to evaluate if the inhibitory activities could be related to aggregation 

properties some confirmatory assays against cruzain in presence of Triton-X100 and 

BSA60 were performed. In these assays the activities against the enzyme were 

disturbed for some compounds including PH100 and PH107 indicating at least part of 

the activity could result from this unspecific mechanism.  

Fortunately, compounds PH101 and PH109, which are hydrophilic compounds in 

comparison with PH100, were not affected neither by BSA preincubation nor by Triton 

X100 concentrations. Based on all these biological activities we designed a new series 

of hydrophilic quinazoline derivatives bearing different substituents in position 4 of the 

quinazolinic ring and the most promising groups found at 2-position with the first series 

(PH114 to PH122).   

In general, these modifications resulted in poor activities against TbrCATL and 

modest to good activities against cruzain. In this new series, PH118 and PH122 

showed better activities for cruzain with IC50 values of 7.3 and 2.5 μM, respectively. 

Both compounds have polar substituents in position 4 and a para-chlorophenyl in 

position 2, confirming that this substituent is effective for cruzain. Furthermore, 

confirmatory assays using BSA and Triton X100 in different concentrations were also 

performed and none of the compounds were sensitive60. These data corroborate with 

the idea that polar groups at 4-position are more acceptable to achieve a competitive 

inhibition against cruzain. It is important to note that compounds PH118 and PH122 

are analogs of PH107 demonstrating that the benzylamine substituent could be 

involved in the aggregator behavior since both compounds had para-chlorophenyl and 

do not presented these characteristics. Also in Table 1, we present the results for anti-

trypanosomal activities. All 23 compounds were active against T. cruzi with no 

important cytotoxicity against the myoblasts and 13 compounds were active against T. 

b. brucei. Even compounds that were inactive for the enzymes presented cytotoxicity 

against the parasites, indicating that other targets could also be involved. Twelve 

compounds presented an EC50 for T. cruzi <1 μM, while the lowest EC50 against T. b. 

brucei was 2.7 μM. Compounds PH118 and PH122 stood out as the best inhibitors for 

cruzain and achieved EC50 for T. cruzi values of 0.9 and 0.37 μM, respectively. 
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Comparing these compounds, PH122 was almost 3-fold more potent against cruzain 

than PH118 and PH122 was more specific, being not able to inhibit TbrCATL or T. b. 

brucei growth. Six compounds evaluated in this series showed EC50, allied to SI, with 

better values than the drug recommended for the treatment of Chagas Disease, 

benznidazole. Compound PH118 was 6-fold more potent than benznidazole (EC50 = 

5.4 µM), while PH122 was 15-fold more potent combined with an SI of 27. PH100 had 

an EC50 for T. cruzi of 0.047 µM, but it was not a competitive inhibitor of cruzain. Thus, 

the search of the molecular target of its action will continue. On the other hand, PH122 

was able to inhibit cruzain with better IC50 values and maintaining the trypanocidal 

potential and Selectivity Index. For T. b. brucei, PH120 was the best compound, 

presenting an EC50 of 2.7 µM, but not able to inhibit TbrCATL. In general, the 

compounds were not as active for T. brucei as for T. cruzi, but four compounds 

presented IC50 values lower than 10 µM, being considered good prototypes for further 

development.  

4.4 Conclusion 

In this work, we synthesized 23 compounds, 19 compounds with the quinazoline 

core and 4 compounds replacing the quinazoline core by a pyrimidine or purine core. 

All compounds were evaluated for their inhibitory activities against the enzymes 

cruzain and TbrCATL, as well as for their trypanocidal activities in vitro against the 

trypanosomes. All of synthesized compounds were active against the parasite and 

most of them have presented enzyme inhibition. In general, quinazoline derivatives 

were more potent than pyrimidine and purine derivatives being promising to be 

developed as novel antitrypanosomal agents.  

 

4.5 Experimental Section 

General 

 

All reagents and solvents were purchased from commercial sources (Sigma-

Aldrich, Synth, Fluka, Merck) and used without further purification. The NMR spectra 
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were obtained in a Bruker 400 MHz or Varian 400 MHz spectrometer (H1 and C13), 

tetramethylsilane (TMS) was the internal standard. The solvents used in the NMR 

spectrum were obtained from Sigma-Aldrich. High-resolution mass spectrometry 

(HRMS) was performed in a Bruker Impact II equipment using the electrospray 

ionization (ESI) technique. 

 

Synthesis 

 

Synthesis of 2,4-dichloroquinazoline (3) Anthranilic acid 1 (0.5 g, 3.65 mmol) 

and urea (0.77 g, 12.7 mmol) were triturated and added to a round-bottom flask. The 

mixture was heated at 200 °C under stirring. After 3 h, it was cooled, diluted with water 

and triturated. The resulting mixture was filtered to give 2,4-dioxaquinazoline 2 (434 

mg, 73 % yield) which was used in the next step without further purification.  

To a stirred solution of 2 (0.62 g, 3.81 mmol) in phosphorus oxychloride (5.26 g, 34 

mmol) was added N,N-dimethylaniline (0.46 g, 3.81 mmol) under N2 atmosphere at 

100 °C. After 18 h, it was cooled, diluted with cold water (30 mL) and chloroform (15 

mL) and the resulting suspension was filtered. The filtrate was extracted with 

chloroform (3x15 mL). The combined organic layers were dried over Na2SO4, filtered 

and concentrated under reduced pressure. The residue was purified by silica gel 

column chromatography (hexanes/ethyl acetate 8:2) to give 3 as a white solid, 206 mg 

(20 % yield). 1H NMR (400 MHz, CDCl3) δ (ppm): 8.27- 8.24 (m, 1H), 7.99- 8.00 (m, 

2H) e 7.76 - 7.72 (m, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm): 164.12, 155.25, 152.49, 

136.27, 129.38, 128.14, 126.18, 122.48. 

 

General Procedure to obtain 4a-d. To a solution of 2.4-dichloroquinazoline 3 

(0.5 g, 2.51 mmol) in THF/H2O (3:1) (15 mL), sodium acetate (0.226 g, 2.76 mmol) and 

appropriate amine (2.76 mmol) were added. The mixture was stirred for 6 h at 65 °C. 

After, it was cooled and diluted with ethyl acetate (40 mL) and water (40 mL) and the 

organic layer was washed with water (2x40 mL), dried over Na2SO4, filtered and 

concentrated under reduced pressure.  The residue was purified by silica gel column 

chromatography. 

 

N-benzyl-2-chloroquinazolin-4-amine (4a). Obtained as 0.462 g of a white solid, 62% 

yield.1H NMR (400 MHz, (CD3)2CO) δ (ppm): 8.41 (br, 1H), 8.24–8.21 (m, 1H), 7.83–
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7.78 (m, 1H), 7.67–7.65 (m, 1H), 7.54–7.50 (m, 1H), 7.46–7.43 (m, 2H), 7.35–7.31 (m, 

2H), 7.27-7.23 (m, 1H), 4.88 (d, 2H, J = 5.6 Hz); 13C NMR (100 MHz, (CD3)2CO) δ 

(ppm): 162.3, 158.4, 152.0, 139.4, 134.3, 129.3, 128.7, 128.1, 128.0, 127.0, 123.2, 

114.6, 45.4. In accordance with ref 50. 

 

2-chloro-N-(3-fluorophenyl)quinazolin-4-amine (4b). Obtained as 0.15 g of a white 

solid, 36% yield. 1H NMR (400 MHz, CDCl3) δ (ppm): 7.90 (d, 2H), 7.81–7.73 (m, 3H), 

7.55–7.51 (m, 1H), 7.41–7.39 (m, 1H), 7.35–7.29 (m, 1H), 6.89–6.84 (m, 1H). 13C NMR 

(100 MHz, CDCl3) δ (ppm): 164.3, 161.8, 158.5, 157.0, 151.3, 139.2, 139.1, 134.2, 

130.3, 130.2, 128.2, 127.0, 120.8, 116.9, 116.8, 113.5, 111.9, 111.7, 109.2, 109.0.  

 

3-((2-(chloroamino)quinazolin-4-yl)amino)propan-1-ol (4c). Obtained as 0.223 g of a 

white solid, 62% yield. 1H NMR (400 MHz, DMSO-d6) δ (ppm): 8.69 (t, 1H, J = 5.4 Hz), 

8.25 (dd, 1H, J = 1.0 Hz, J = 8.0 Hz), 7.79-7.75 (m, 1H), 7.61-7.59 (m, 1H), 7.53-7.49 

(m, 1H), 4.56 (s, 1H), 3.58–3.50 (m, 4H), 1.81 (quint, 2H, J = 6.7 Hz). 13C NMR (100 

MHz, CDCl3) δ (ppm): 161.1, 157.0, 150.2, 133.5, 126.6, 126.0, 123.1, 113.6, 58.5, 

38.3, 31.5. In accordance with ref 61. 

 

2-chloro-N-(2-morpholinoethyl)quinazolin-4-amine (4d). Obtained as 0.169 g of a white 

solid, 39% yield. 1H NMR (400 MHz, CDCl3) δ (ppm): 7.75–7.69 (m, 3H), 7.47-7.43 (m, 

1H,), 6.97 (s, 1H), 3.77–3.71 (m, 6H), 2.73 (t, 2H, J = 5.8 Hz), 2.58 (d, 4H, J = 4.4 Hz). 

13C NMR (100 MHz, CDCl3) δ (ppm): 160.9, 157.8, 150.8, 133.6, 127.8, 126.3, 121.1, 

113.5, 67.0, 56.4, 53.3, 37.2. In accordance with ref 62. 

 

General Procedure for the preparation of quinazolinic compounds (PH100-103, 

PH106-107, PH114-PH115 PH118 and PH121) To a stirred solution of N-substituted-

2-chloroquinazolin 4-amine (1 eq.) in ethanol at 0.4 M concentration, the appropriate 

amine was added (1.5 eq.) and heated to 120 °C. After 3 h, it was cooled, diluted with 

ethyl acetate and washed with a saturated aqueous NaHCO3 and water. The organic 

layer was dried over Na2SO4, filtered and concentrated under reduced pressure. The 

residue was purified by silica gel column chromatography. 

  

Compound PH100. Obtained as 0.196 g of a yellow solid, 81% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 9.02 (s, 1H, 8.68 (t, 1H, J = 5.4 Hz), 8.16 (d, 1H, J = 8.0 Hz), 
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7.84 – 7.82 (m, 2H), 7.60 (t, 1H, J = 8.0 Hz), 7.44- 7.40 (m, 3H), 7.33 (t, 2H, J = 7.4 

Hz), 7.25- 7.18 (m, 4H), 6.86 (t, 1H, J = 7.2 Hz), 4.83 (d, 2H, J = 5,4 Hz). 13C NMR (100 

MHz, DMSO-d6) δ 160.10, 156.95, 151.35, 141.42, 139.68, 132.64, 128.29, 128.24, 

127.10, 126.71, 125.33, 122.78, 121.48, 120.43, 118.57, 111.63, 43.54. HRMS: m/z 

calcd for C21H19N4 [M + H]+ 327.1604; found 327.1604. In accordance with ref 50. 

 

Compound PH101. Obtained as 0.024 g of a yellow oil, 84% yield. 1H NMR (400 

MHz, DMSO-d6) δ 7.85 (d, 1H, J = 8 Hz), 7.47-7.43 (m, 1H) 7.34-7.01 (m, 7H, CH), 

4.75 (sl, 2H), 3.60- 3.59 (m, 2H), 3.48- 3.47 (m, 2H), 1.73- 1.72 (m, 2H). 13C NMR (100 

MHz, CDCl3) δ 160.11, 150.89, 138.52, 133.13, 128.88, 127.97, 127.71, 125.07, 

121.59, 120.99, 111.15, 58.04, 45.15, 37.18, 34.04. HRMS: m/z calcd for C18H21N4O 

[M + H]+ 309.1710; found 309.1706. 

 

Compound PH102. Obtained as 0.0221 g of a brown solid, 68% yield. 1H NMR 

(400 MHz, CD3OD) δ 7.98 (dd,1H, J = 1.0 Hz, J = 8.2 Hz), 7.62- 7.59 (m, 1H), 7.41 (d, 

1H, J = 8.2 Hz), 7.36- 7.19 (m, 8H), 6.71 (d, 2H, J = 8.8 Hz), 4.80 (sl, 2H). 13C NMR 

(100 MHz, CD3OD) δ 162.02, 158.75, 154.22, 151.17, 140.54, 134.12, 133.20, 129.40, 

128.35, 127.92, 124.68, 124.08, 123.48, 123.06, 116.12, 112.71, 45.39. HRMS: m/z 

calcd for C21H19 N4O [M + H]+ 343.1553; found 343.1549. 

 

Compound PH103. Obtained as 0.0233 g of a brown solid, 74% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 9.17 (s, 1H), 8.86 (s, 1H), 8.61 (t, 1H, J = 5.6 Hz), 8.12 (d, 1H, 

J= 8.2 Hz), 7.60 (t, 1H, J = 8.2 Hz), 7.47 (d, 1H, J = 1.6 Hz), 7.41 (d, 3H), 7.33- 7.30 

(m, 2H), 7.25- 7.16 (m, 3H), 6.99- 6.95 (m, 1H), 6.32- 6.29 (m, 1H), 4.82 (d, 2H, J = 5.6 

Hz). 13C NMR (100 MHz, DMSO-d6) δ 160.06, 157.42, 156.98, 151.37, 142.52, 139.80, 

132.69, 128.86, 128.35, 127.39, 126.81, 125.41, 122.79, 121.55, 111.67, 109.86, 

107.86, 105.92, 43.55. HRMS: m/z calcd for C21H19 N4O [M + H]+ 343.1553; found 

343.1554. 

 

Compound PH106. Obtained as 0.0369 g of an ivory solid, 28% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 8.84 (s, 1H), 8.61 (t, 1H, J = 5.4 Hz), 8.12 (d, 1H, J = 8.2 Hz), 

7.72- 7.70 (m, 2H), 7.57 (t, 1H, J = 8.2 Hz), 7.41-7.31 (m, 5H), 7.25-7.13 (m, 2H), 6.80 

(d, 2H, J = 9.2 Hz), 4.80 (d, 2H, J = 5.4 Hz), 3.71 (s, 3H). 13C NMR (100 MHz, CD3OD) 

δ 162.11, 159.06, 156.63, 152.11, 140.66, 134.74, 133.97, 129.40, 128.26, 127.89, 
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125.34, 123.36, 122.92, 114.78, 112.84, 55.93, 45.33. HRMS: m/z calcd for C22H21N4O 

[M + H]+ 357.1710; found 357.1704. In accordance with ref 63. 

 

Compound PH107. Obtained as 0.121 g of an ivory solid, 60% yield.1H NMR 

(400 MHz, DMSO-d6) δ 9.20 (s, 1H, 8.74 (t, 1H, J = 5.8 Hz), 8.16 (dd, 1H, J = 8.2 Hz, 

J = 1.0 Hz), 7.87- 7.85 (m, 2H), 7.63- 7.59 (m, 1H, CH), 7.44 (dd, 1H, J = 8.4 Hz, J = 

0.8 Hz), 7.42- 7.39 (m, 2H), 7.35- 7.31 (m, 2H), 7.25- 7.19 (m, 4H), 4.82 (d, 2H, J = 5.8 

Hz). 13C NMR (100 MHz, DMSO-d6) δ 160.22, 156.77, 151.21, 140.49, 139.63, 132.82, 

128.38, 128.10, 127.10, 126.81, 125.47, 123.89, 122.87, 121.86, 119.99, 111.77, 

43.64. HRMS: m/z calcd for C21H18ClN4 [M + H]+ 361.1215; found 361.1211. In 

accordance with ref 63. 

 

Compound PH114.  Obtained as 0.0265 g of a white solid, 88% yield. 1H NMR 

(400 MHz, DMSO-d6) δ (ppm): 11.28 (s, 1H), 10.66 (s, 1H), 8.78 (dd, 1H, J = 8,4 Hz), 

7.92- 7.88 (m, 1H), 7.69- 7.66 (m, 1H), 7.63 (dd, 1H, J = 8,4 Hz), 7.57- 7.51 (m, 2H), 

7.49- 7.46 (m, 2H), 7.44- 7.40 (m, 1H), 7.36- 7.31 (m, 2H), 7.22- 7.18 (m, 1H), 7.13- 

7.08 (m, 1H). 13C NMR (100 MHz, d6- DMSO) δ (ppm): 162.91, 160.49, 159.43, 

151.64, 139.48, 138.65, 138.54, 136.33, 135.72, 129.72, 129.86, 128.69, 125.10, 

124.89, 122.47, 120.28, 117.43, 112.69, 111.74, 110.39. HRMS: m/z calcd for 

C20H16FN4 [M + H]+ 331.1354; found 331.1353. 

 

Compound PH115. Obtained as 0.010 g of a white solid, 35% yield. 1H NMR 

(400 MHz, DMSO-d6) δ (ppm): 9.48 (s,1H), 8.29 (d, 1H, J=7.6 Hz), 8.08 (d, 1H, J= 

12.4 Hz), 7.74 (dd, 1H, J=1.7 Hz, J= 8.2Hz), 7.59- 7.55 (m, 1H), 7.40- 7.31 (m, 1H), 

7.14 (t, 1H, J=7.4 Hz), 6.93 (t, 1H, J= 5.6Hz), 6.87 (td, 1H, J= 2.4Hz), 3.50 (t, 2H, J= 

6.4 Hz), 3.44- 3.39 (m, 2H), 1.73 (qui, 2H, J= 6.4 Hz). 13C NMR (100 MHz, DMSO- d6) 

δ (ppm): 163.29, 160.90, 158.84, 158.84, 157.82, 141.78, 132.87, 129.82, 124.94, 

123.03, 120.47, 116.85, 109.16, 108.09, 58.64, 37.89, 32.71. HRMS: m/z calcd for 

C17H18FN4O [M + H]+ 313.1459; found 313.1458. 

 

Compound PH118. Obtained as 0.0217 g of a white solid, 63% yield. 1H NMR 

(400 MHz, DMSO-d6) δ (ppm): 9.19 (s,1H), 8.12- 8.06 (m, 2H), 7.99 (d, 2H, J= 8.2 Hz), 

7.58 (t, 1H, J= 7.6 Hz), 7.40 (d, 1H, J= 8 Hz), 7.28 (d, 2H, J= 8.2 Hz), 7.17 (t, 1H, J= 8 

Hz), 4.55 (s, 1H), 3.63- 3.35 (m, 4H), 1.92- 1.86 (m, 2H). 13C NMR (100 MHz, DMSO- 
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d6) δ (ppm): 160.17, 156.80, 150.94, 140.63, 132.53, 128.10, 125.33, 123.78, 122.77, 

121.58, 119.93, 111.81, 58.79, 38.09, 31.94. HRMS: m/z calcd for C17H18ClN4O [M + 

H]+ 329.1164; found 329.1164. 

 

Compound PH121. Obtained as 0.0091 g of a white solid, 32% yield. 1H NMR 

(400 MHz, DMSO-d6) δ (ppm): 7.89 (d, 1H, J= 8 Hz), 7.41 (t, 1H, J= 7.5 Hz) 7.15 (t, 

1H, J= 8 Hz), 6.96 (d, 1H, J= 7.5 Hz), 3.55- 3.50 (m, 8H), 3.40 (t, 2H, J= 6.3 Hz), 3.31 

(q, 2H, J= 6.4 Hz), 2.44- 2.39 (m, 4H), 1.61 (qui, 2H, J= 6.3 Hz). 13C NMR (100 MHz, 

CDCl3) δ (ppm): 159.85, 159.35, 151.18, 132.31, 124.11, 122.79, 120.05, 111.16, 

66.24, 58.56, 57.05, 53.45, 37.70, 37.49, 32.90. HRMS: m/z calcd for C17H26N5O2 [M 

+ H]+ 332.2081; found 332.2078. 

 

General Procedure to obtain 4-amino-N-phenylbenzamide (7a) and (4-

aminophenyl) (piperidin-1-yl)methanone (7b) to synthesized PH108 and PH109. To a 

stirred solution of 4-nitrobenzoic acid 5 (0.2 g, 1.2 mmol) in dichloromethane (4 mL), 

EDC (0.37 g, 1.92 mmol) and DMAP (0.015 g, 0.12 mmol) were added. After 5 min, 

the appropriate amine was added (1.92 mmol) at room temperature. After 3 h, it was 

diluted with ethyl acetate (30 mL) and washed with aqueous HCl 0.5M (15 mL), 

saturated aqueous NaHCO3 (15 mL) and water (20 mL). The organic layer was dried 

with Na2SO4, filtered and concentrated under reduced pressure. The resulting product 

was used in the next step without further purification. Compound 6 (0.110 g, 0.454 

mmol) was solubilized in isopropyl alcohol (5.5 mL), palladium acetate (II) (0.014 g, 

0.056mmol) and aqueous hydrazine 16 % (0.32 mL) were added. The mixture was 

stirred for 3 h at 82°C. After, the mixture was filtrated hot, washed with heated isopropyl 

alcohol (25 mL) and concentrated under reduced pressure. The resulting 4-amino-N-

phenylbenzamide 7a or (4-aminophenyl) (piperidin-1-yl) methanone 7b was used in 

the next step without further purification.  

 

General Procedure for the preparation of quinazolinic compounds (PH104-105, 

PH108-109, PH116, PH119-120 and PH122) To a stirred solution of N-substituted-2-

chloroquinazolin-4-amine 4 (1 eq.) in toluene or DMF at 0.06 M concentration, 

palladium acetate (II) (0.007 equiv), xantphos (0.007 equiv), appropriate amine (1.5 

equiv) and cesium carbonate (2 equiv) were added and heated to 140°C under N2 

atmosphere. After 18 h, it was cooled, diluted with ethyl acetate and filtered, the 
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solution was concentrated under reduced pressure. The residue was purified by silica 

gel column chromatography. 

  

Compound PH104. Obtained as 0.008 g of a brown solid, 26% yield. 1H NMR 

(400 MHz, CD3OD) δ 8.17 (d, 1H), 8.06 (d, 1H, J = 8.4 Hz), 7.87- 7.86 (m, 1H), 7.69- 

7.59 (m, 2H), 7.53 (d, 1H, J = 8.4 Hz), 7.47- 7.29 (m, 4H), 7.26- 7.22 (m, 1H,), 6.96- 

6.93 (m, 1Hl), 6.60- 6.56 (m, 1H), 4.58 (sl, 2H). 13C NMR (100 MHz, CD3OD) δ 162.40, 

154.61, 148.28, 147.72,140.35, 139.34, 134.31, 129.53, 128.11, 128.04, 124.27, 

123.51, 118.49, 114.71, 113.94, 113.30, 110.34, 45.65. HRMS: m/z calcd for C20H18N5 

[M + H]+ 328.1557; found 328.1557. 

 

Compound PH105. Obtained as 0.0089 g of a yellow solid, 26% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 8.88 (t, 1H, J = 6 Hz), 8.18 (d, 1H, J = 8 Hz), 7.69- 7.65 (m, 

1H), 7.51 (d, 1H, J = 8.4 Hz), 7.45- 7.43 (m, 2H), 7.36- 7.21 (m, 5H), 7.01 (d, 1H), 4.90 

(d, 2H, J = 6 Hz). 13C NMR (100 MHz, DMSO-d6) δ 160.51, 154.24, 150.26, 139.46, 

137.58, 133.23, 128.39, 127.71, 126.97, 125.24, 123.08, 122.73, 111.98, 109.34, 

43.99. HRMS: m/z calcd for C18H16N5S [M + H]+ 334.1121; found 334.1120. 

 

Compound PH108. Obtained as 0.0723 g of a white solid, 52% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 10.03 (s,1H), 9.44 (s, 1H), 8.80 (t, 1H, J = 5.7 Hz), 8.20 (d, 1H, 

J = 7.7 Hz), 8.00 (d, 2H, J = 8.4 Hz), 7.89 (d, 2H, J = 8.4 Hz), 7.79 (dd, 2H, J = 8.4 Hz, 

J = 0.8 Hz), 7.65 (td, 1H, J = 1.1 Hz, J = 7.7 Hz), 7.50- 7.48 (m, 1H, 7.45- 7.43 (m, 2H), 

7.37- 7.32 (m, 4H), 7.27- 7.23 (m, 2H), 7.10- 7.05 (m, 1H), 4.87 (d, 2H, J = 5.7Hz). 13C 

NMR (100 MHz, DMSO-d6) δ 165.24, 160.27, 156.68, 151.09, 144.70, 139.57, 139.53, 

132.86, 128.58, 128.38, 127.18, 126.84, 126.18, 125.57, 123.32, 122.87, 122.87, 

122.11, 120.34, 117.44, 111.85, 43.67. HRMS: m/z calcd for C28H24N5O [M + H]+ 

446.1975; found 446.1971. 

 

Compound PH109. Obtained as 0.0175 g of a yellow solid, 22% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 9.29 (s, 1H), 8.74 (t, 1H, J = 5.8 Hz), 8.16 (d, 1H, J = 8.0 Hz), 

7.87 (d, 2H, J = 8.8 Hz), 7.65- 7.60 (m, 1H), 7.46- 7.40 (m, 3H), 7.34 (t, 2H, J = 7.4 Hz), 

7-28- 7.20 (m, 4H), 4.83 (d, 2H, J = 5.8 Hz), 3.60 (d, 4H, J = 4.4 Hz), 3.50 (sl, 4H). 13C 

NMR (100 MHz, CDCl3) δ 170.83, 160.31, 156.53, 151.38, 142.31, 138.30, 133.18, 
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129.00, 128.62, 127.87, 127.77, 126.63, 122.80, 120.89, 118.28, 111.73, 67.11, 45.48. 

HRMS: m/z calcd for C26H26N5O2 [M + H]+ 440.2081; found 440.2075. 

 

Compound PH116. Obtained as 0.0346 g of a white solid, 41% yield. 1H NMR 

(400 MHz, CDCl3) δ (ppm): 7.77- 7.72 (m, 2H), 7.56- 7.48 (m, 3H), 7.38- 7.31 (m, 2H), 

7.12- 7.08 (m, 2H), 3.75- 3.68 (m, 13H), 1.84 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 

(ppm): 170.95, 160.58, 155.63, 149.19, 142.11, 133.27, 128.39, 127.84, 124.91, 

122.94, 121.57, 118.74, 111.54, 67.02, 60.82, 39.78, 31.20. HRMS: m/z calcd for 

C22H26N5O3 [M + H]+ 408.2030; found 408.2030. 

 

Compound PH119. Obtained as 0.017 g of a white solid, 22% yield. 1H NMR 

(400 MHz, CDCl3) δ (ppm): 7.81 (d, 2H, J= 7.6 Hz), 7.63- 7.57 (m, 3H), 7.39 (d, 2H, J= 

8.4 Hz), 7.22 (t, 1H, J= 7.6 Hz), 6.73 (s, 1H), 4.53 (s, 1H), 3.77- 3.75 (m, 4H), 3.68- 

3.63 (m, 10H), 2.71 (t, 2H, J= 6.0 Hz), 2.54 (d, 4H). 13C NMR (100 MHz, CDCl3) δ 

(ppm): 170.78, 160.32, 156.19, 150.04, 142.22, 133.25, 128.54, 127.88, 125.60, 

122.89, 121.15, 118.51, 111.69, 67.11, 67.05, 56.49, 53.36, 37.34. HRMS: m/z calcd 

for C25H31N6O3 [M + H]+ 463.2452; found 463.2449. 

 

Compound PH120. Obtained as 0.010 g of a white solid, 10% yield. 1H NMR 

(400 MHz, CDCl3) δ (ppm): 8.04 (d, 1H, J= 3.2 Hz), 7.84- 7.79 (m, 4H), 7.68- 7.56 (m, 

6H), 7.33 (t, 2H, J= 7.3 Hz), 7.23- 7.19 (m, 1H), 7.11 (t, 1H, J= 7.3 Hz), 6.65 (s, 1H), 

3.75 (d, 4H, J= 3.6 Hz), 3.67- 3.61 (m, 2H), 2.69 (t, 2H, J= 5.8 Hz), 2.52 (s, 4H). 13C 

NMR (100 MHz, CDCl3) δ (ppm): 165.67, 160.29, 156.42, 150.76, 144.05, 138.37, 

133.10, 129.11, 128.21, 127.22, 126.25, 124.31, 122.89, 121.11, 120.33, 118.18, 

111.92, 67.10, 56.50, 53.34, 37.31. HRMS: m/z calcd for C27H29N6O2 [M + H]+ 

469.2347; found 469.2343. 

 

Compound PH122. Obtained as 0.018 g of a white solid, 23% yield. 1H NMR 

(400 MHz, DMSO-d6) δ (ppm): 7.70- 7.66 (m, 2H), 7.60 (d, 2H, J= 7.6 Hz) 7.55 (dd, 

1H, J= 1.4 Hz, J= 8.8 Hz), 7.28- 7.27 (m, 1H), 7.25- 7.24 (m, 1H), 7.22 (dd, 1H, J= 1.4 

Hz, J= 8.8 Hz), 6.88 (s, 1H), 3.77 (t, 4H, J= 4.4 Hz), 3.68 (s, 2H), 2.72 (t, 2H, J= 6 Hz), 

2.55 (t, 4H, J= 4.4 Hz). 13C NMR (100 MHz, CDCl3) δ (ppm): 179.81, 160.33, 155.46, 

138.46, 133.72, 128.80, 127.95, 123.98, 123.13, 121.30, 121.05, 111.12, 67.05, 56.36, 

53.39, 37.52. HRMS: m/z calcd for C20H23ClN5O [M + H]+ 384.1586; found 384.1576. 
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General Procedure for the preparation of quinazolinic compound PH117. To a 

stirred solution of 2,4-dichloroquinazoline 3 (0.1 g, 0.502 mmol) in ethanol (3 mL), 

sodium acetate (0.082 g, 1 mmol) and aniline (0.327 g, 3.52 mmol) were added and 

heated to 120 °C. After 18 h, it was cooled and diluted with ethyl acetate (20 mL) and 

with saturated aqueous NaHCO3 (20 mL). The organic layer was washed with water 

(2x20 mL), dried over Na2SO4, filtered and concentrated under reduced pressure. The 

residue was purified by silica gel column chromatography (hexanes/ethyl acetate 8:2) 

to give PH117 as a white solid, 0.0589 g (38 % yield). 1H NMR (400 MHz, CDCl3) δ 

(ppm): 7.67- 7.65 (m, 4H), 7.61- 7.57 (m, 2H), 7.39- 7.34 (m, 2H), 7.26 (t, 2H), 7.21- 

7.16 (m, 2H), 7.14- 7.12 (m, 1H), 7.00- 6.96 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 

(ppm): 158.68, 156.59, 152.06, 140.11, 138.36, 133.25, 129.05, 128.84, 126.78, 

124.52, 122.71, 122.21, 122.17, 120.63, 119.62, 111.68. HRMS: m/z calcd for 

C20H17N4 [M + H]+ 313.1448; found 313.1449. In accordance with ref 63. 

 

Intermediate 9. To a stirred solution of 2,4-dichloropyrimidine 8 (0.3 g, 2.01 

mmol) in THF/H2O (6.75/2.25 mL), sodium acetate (0.182 g, 2.22 mmol) and 

appropriate amine (0.238 g, 2.22 mmol) were added and heated to 65 °C. After 6 h, it 

was cooled and diluted with ethyl acetate (40 mL) and water (40 mL). The organic layer 

was washed with water (2x40 mL), dried over Na2SO4, filtered and concentrated under 

reduced pressure. The residue was purified by silica gel column chromatography 

(hexanes/EtOAc 8:2) to give 9 as a white solid, 0.110 g (25% yield). 1H NMR (400 

MHz, CDCl3) δ 7.89 (sl, 1H), 7.26- 7.16 (m, 5H), 6.46 (d, 1H, J = 4.8 Hz), 6.19 (sl, 1H), 

4.55 (d, 2H, J = 6.0 Hz). 13C NMR (100 MHz, CDCl3) δ 162.37, 159.19, 138.57, 128.75, 

127.70, 127.51, 110.29, 45.61. In accordance with ref 64. 

 

General Procedure for the preparation of pyrimidinic compounds PH110 and 

PH112. To a stirred solution of 9 (0.05 g, 0.23 mmol) in ethanol (1 mL) the appropriate 

amine was added (0.34 mmol) and heated to 120 °C. After 3 h, it was cooled, diluted 

with ethyl acetate (20 mL) and washed with saturated aqueous NaHCO3 (20 mL). The 

organic layer was washed with water (20 mL), dried over Na2SO4, filtered and 

concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography. 
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Compound PH110. Obtained as 0.0218 g of a yellow solid, 35% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 7.92 (d, 1H, J= 5.8 Hz) 7.37- 7.24 (m, 9H), 7.12- 7.07 (m, 1H), 

6.76 (s, 1H), 6.04 (d, 1H, J= 5.8 Hz), 5.51 (sl, 1H) e 4.62 (d, 2H, J= 5.6 Hz). 13C NMR 

(100 MHz, DMSO-d6) δ 161.93, 160.57, 156,18, 140.97, 140.49, 128.50, 128.10, 

126.88, 126.35, 121.40, 119.23, 96.80, 44.11. HRMS: m/z calcd for C17H17N4 [M + H]+ 

277.1448; found 277.1446. 

 

Compound PH112. Obtained as 0.032 g of a white solid, 28% yield. 1H NMR 

(400 MHz, DMSO-d6) δ (ppm): 9.14 (s, 1H), 7.84−7.70 (m, 4H), 7.34−7.33 (m, 4H), 

7.26−7.18 (m, 3H), 6.04 (br s, 1H), 4.54 (br s, 2H). 13C NMR (100 MHz, DMSO-d6) δ 

161.87, 160.33, 156.49, 140.86, 139.54, 128.29, 128.16, 126.82, 126.40, 124.73, 

120.54, 96.66, 44.14.  HRMS: m/z calcd for C17H16ClN4 [M + H]+ 311.1058; found 

311.1056. 

 

Synthesis of 2,6-dichloro-9-methyl-9H-purine (11) To a stirred solution of 2,6-

dichloro-9H-purine 10 (0.3 g, 1.59 mmol) in DMF (2 mL), potassium carbonate (0.66 g, 

4.77 mmol) and iodomethane (0.5 mL, 8.75 mmol) were added at for 1 h and 4h rt. 

After, it was diluted with ethyl acetate (30 mL) and water (30 mL). The aqueous layer 

was washed with ethyl acetate (30 mL), the organic layer was dried over Na2SO4, 

filtered and concentrated under reduced pressure.  The residue was purified by silica 

gel column chromatography (hexanes/EtOAc 7:3) to give 11 as a white solid, 0.248 g, 

(77 % yield). 1H NMR (400 MHz, CDCl3) δ 8.09 (s, 1H), 3.91 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 153.60, 153.19, 151.90, 146.43, 130.77 e 30.65. In accordance with ref 

65. 

 

Synthesis of Intermediate 12. To a stirred solution of 11 (0.15 g, 0.739 mmol) in 

THF/H2O (6 mL/2 mL), sodium acetate (0.067 g, 0,813 mmol) and appropriate amine 

(0.87 g, 0.813 mmol) were added and heated to 65 °C. After 18 h, it was cooled and 

diluted with ethyl acetate (40 mL) and water (40 mL). The organic layer was washed 

with water (2x40 mL), dried over Na2SO4, filtered and concentrated under reduced 

pressure.  The residue was purified by silica gel column chromatography 

(hexanes/EtOAc 6:4) to give 12 as a white solid, 0.072 g (36 % yield). 1H NMR (400 

MHz, DMSO-d6) δ 8.76 (t, 1H, J = 5.6 Hz), 8.11 (s, 1H), 7.35- 7.28 (m, 4H), 7.24- 7.20 

(m, 1H), 4.64 (d, 2H, J =5.6 Hz), 3.69 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 154.93, 
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153.05, 150.32, 142.06, 139.35, 128.33, 127.30, 126.87, 118.07, 43.18, 29.69. In 

accordance with ref 65. 

 

General Procedure for the preparation of purinic compounds PH111 and 

PH113. To a stirred solution of 12 in DMF (1 mL), palladium acetate (II) (0.003 g, 

0.0128 mmol), xantphos (0.008 g, 0.0128 mmol), appropriate amine (0.274 mmol) and 

cesium carbonate (0.119 g, 0.365 mmol) were added and heated to 140°C under N2 

atmosphere. After 18 h, it was cooled, diluted with ethyl acetate (20 mL), filtered and 

concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography.  

 

Compound PH111. Obtained as 0.0237 g of a white solid, 39% yield. 1H NMR 

(400 MHz, DMSO-d6) δ 8.95 (s, 1H), 8.12 (d, 1H, J = 6.4 Hz), 7.83 (s, 1H), 7.76- 7.75 

(m, 2H), 7.38 (d, 2H, J = 7.4 Hz), 7.30 (t, 2H, J = 7.4 Hz), 7.22- 7.14 (m, 3H), 6.82 (t, 

1H, J = 7.2 Hz), 4.72 (sl, 2H), 3.65 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ 156.21, 

154.44, 150.90, 141.72, 140.42, 139.03, 128.21, 127.04, 126.56, 120.03, 118.08, 

114.17, 43.11, 29.18. HRMS: m/z calcd for C19H19N6 [M + H]+ 331.1666; found 

331.1661. 

 

Compound PH113. Obtained as 0.028 g of a white solid, 42% yield.1H NMR 

(400 MHz, DMSO-d6) δ 9.13 (s, 1H), 8.17 (sl, 1H), 7.85 (s, 1H), 7.76 (d, 2H, J = 7.2 

Hz), 7.36 (d, 2H, J = 7.2 Hz), 7.30 (t, 2H, J = 7.2 Hz), 7.25- 7.15 (m, 3H), 4.71 (s, 2H), 

3.65 (s, 3H). 13C NMR (100 MHz, DMSO-d6) δ (ppm): 155.91, 154.49, 140.73, 140.31, 

139.27, 128.25, 128.02, 127.30, 126.95, 126.60, 123.36, 119.44, 43.18, 29.26. HRMS: 

m/z calcd for C19H18ClN6 [M + H]+ 365.1276; found 365.1274. 

 

Cruzain and Rhodesain Inhibition Assays  

 

Cruzain and rhodesain activity was measured by monitoring the cleavage of the 

fluorescent substrate Z-Phe-Arg-aminomethylcoumarin (Z-FR-AMC), in a Synergy 2 

(Biotek) fluorimeter, of the Centre for Flow Cytometry Fluorimetry at the Department of 

Biochemistry and Immunology (UFMG). All assays were performed in 96-well plate 

format, in a final volume of 200 μL, in a buffer solution of 0.1 M sodium acetate pH 5.5 

in the presence of 0.1 mM beta-mercaptoethanol, 0.01% Triton X-100, 0.5 nM cruzain 
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or rhodesain and 2.5 µM of the substrate, as described previously47. The assay was 

performed without and with pre-incubation of the compounds with the enzyme. The 

initial screen was performed with 100 μM of inhibitors. For each assay, two 

independent experiments were performed, each in triplicates and monitored for 5 

minutes. Enzymatic activities were calculated based on comparison with a DMSO 

control, from initial rates of reaction. E64 was used as positive control at the 

concentration of 1 μM in the assay. Compounds were observed to be no time-

dependent, then all subsequent assays were performed without pre-incubation. IC50 

curves were determined in two independent experiments, each involving at least seven 

compound concentrations in triplicates. IC50 curves were determined with GraphPad 

Prism. 

 

Assays using Triton-X 100 Assay and Preincubation with BSA.  

 

Assays were performed as described in60. 

 

Intracellular Trypanosoma cruzi Assays and Cytotoxicity  

 

These tests were carried out in partnership with Professor Jair Siqueira's group 

at the University of California, San Diego (UCSD). Mouse myoblast cell line C2C12 

was cultivated in Dulbecco’s Modified Eagle’s Medium containing 4.5 g/l glucose 

(DMEM), supplemented with 5% fetal bovine serum (FBS), 1% of penicillin and 

streptomycin. T. cruzi CA-I/72 trypomastigotes were obtained from C2C12 infected-

culture supernatants after 7 days of infection. Cultures were maintained at 37°C with 

5% CO2. To assess anti-parasitic activity of the compounds, 500 C2C12 cells were 

seeded in 384-well plate in 50 μL of DMEM media per well and 7500 parasites/well. 

Compounds were added at 10 mM in 50 nL per well using a Biomek FX (Beckman 

Coulter) for a final 10 μM concentration in 50 μl total volume. The plate was incubated 

for 72 h at 37°C with 5% CO2. After the incubation, the plate was fixed with the addition 

of a 4% paraformaldehyde solution for 1 h, followed by two successive washing steps 

using phosphate buffered saline (PBS). Finally, a staining solution containing 0.2 μg/ml 

of 4',6-diamidino-2-phenylindole (DAPI) was added to each well of the plate and 

incubated for at least 2 hours. The analysis was performed using the ImageXpress 

device, and for differential cell and parasite counting, the MetaXpress software was 
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used. The size parameters used to segment host and parasite organelles were 125 

μm2 for host nucleus, and 1–2 μm2 for parasite nucleus/kinetoplast. Numbers of host 

cells and intracellular amastigotes were determined based on host cell and parasite 

nucleus quantification, providing a measure of growth inhibition during the first 72 h of 

post-infection treatment compared to untreated controls. The anti-parasitic results 

were expressed in terms of relative activity normalized based on the average infection 

ratio (number of infected cells/total number of cells) of negative controls (1% DMSO, 

0% activity) and positive controls (50 μM of benznidazole, EC100, 100% activity). The 

host cell viability was assessed based on the total number of cells divided by the 

average number of cells from untreated controls (1% DMSO), when <0.5 considered 

a cytotoxic compound. The test was performed in duplicate66. 

 

Intracellular Trypanosoma b. brucei Assays  

 

These tests were carried out in partnership with Professor Jair Siqueira's group at the 

University of California, San Diego (UCSD). Bloodstream forms of T. b. brucei Lister 

427 were cultured in modified HMI-9 medium67,68 in T25 vented flasks (Thermo Fisher 

Scientific; Cat Nº. FB012933) in a humidified atmosphere of 5% CO2 at 37ºC. Parasites 

were conserved in log-phase growth and passaged every 48 h. The SYBR Green 

assay was used to determine the compounds’ effects on T. b. brucei growth. 

Compounds were serially diluted over eight concentrations ranging from 50 μM to 390 

nM. The positive drug control, pentamidine, was diluted from 4 μM to 0.88 nM. All 

compounds were added to the cultures as solutions in dimethyl sulfoxide (DMSO; 

Thermo Scientific™ 85190 (Cat Nº. PI85190). Data reported are from two biological 

experiments and a total of three or four technical replicates, except for PH108 for which 

the data are from two technical replicates. Trypanosomes in log-phase growth were 

suspended as 2x105 trypanosomes/mL in modified HMI-9 medium under continuous 

agitation, and dispensed (100 μL/well) into 96-well plates (Corning 3903) containing 

1 μL of the test compound in 0.5% DMSO and 100 μL/well of fresh medium (20,000 

cells/well). The plates were incubated for 72 h at 37 °C and 5% CO2, followed by 

addition of 50 μL/well of lysis solution (30 mM Tris pH 7.5, 7.5 mM EDTA, 0.012% 

saponin (Sigma-Aldrich Cat. No. S9430), and 0.12% Triton X-100 (Thermo Fisher 

Scientific; CAS 9002-93-1)) containing 0.3 μL/mL SYBR Green I (10,000x in DMSO; 

Invitrogen, Carlsbad, CA). After incubation in the dark for at least 1 h at room 
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temperature, plates were read on the 2104 EnVision® multilabel plate reader 

(PerkinElmer, Waltham, MA) with excitation at 485 nm and emission at 535 nm. The 

activity of test compounds was normalized against DMSO controls from the same 

plate. Half-maximal effective concentration (EC50) values were calculated using 

GraphPad Prism software, version 9.00 for MAC OS. 
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4.7 Supplementary Material 

Structure-based optimization of quinazolines as cruzain and TbrCATL 

inhibitors  

 
NMR and MS Spectra  

 

 

Figure 15 – 1H NMR (400 MHz, CDCl3) 2,4-dichloroquinazoline 3. 
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Figure 16 – 13C NMR (100 MHz, CDCl3) 2,4-dichloroquinazoline 3. 

 

 

Figure 17 – 1H NMR (400 MHz, (CD3)2CO N-benzyl-2-chloroquinazolin-4-amine 4a. 
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Figure 18 – 13C  NMR (100 MHz, (CD3)2CO N-benzyl-2-chloroquinazolin-4-amine 4a. 

 

 

Figure 19 – 1H NMR (400 MHz, CDCl3) of 2-chloro-N-(3-fluorophenyl)quinazolin-4-amine 4b. 
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Figure 20 – 13C NMR (100 MHz, CDCl3) of 2-chloro-N-(3-fluorophenyl)quinazolin-4-amine 4b. 

 

 

Figure 21 – 1H NMR (400 MHz, DMSO-d6) of 3-((2-(chloroamino)quinazolin-4-yl)amino) propan-1-

ol 4c. 
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Figure 22 – 13C NMR (100 MHz, DMSO-d6) of 3-((2-(chloroamino)quinazolin-4-yl)amino)propan-1-

ol 4c. 

 

 

Figure 23 – 1H NMR (400 MHz, CDCl3) of 2-chloro-N-(2-morpholinoethyl)quinazolin-4-amine 5d. 
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Figure 24 – 13C NMR (100 MHz, CDCl3) of 2-chloro-N-(2-morpholinoethyl)quinazolin-4-amine 5d. 

 

 

 

Figure 25 – 1H NMR (400 MHz, DMSO-d6) of PH100. 
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Figure 26 – 13C NMR (100 MHz, DMSO-d6) of PH100.  

 

 
Figure 27 – Mass spectrum of PH100. 
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Figure 28 – 1H NMR (400 MHz, DMSO-d6) of PH101. 

 

 

Figure 29 – 13C NMR (100 MHz, CDCl3) of PH101. 
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Figure 30 – Mass spectrum of PH101.  

 

 

Figure 31 – 1H NMR (400 MHz, CD3OD) of PH102. 

 

309.1706

310.1736

+MS, 0.3min #17

0

1

2

3

4

5

5x10

Intens.

308.5 309.0 309.5 310.0 310.5 311.0 311.5 312.0 312.5m/z



131 

  

 

Figure 32 – 13C NMR (100 MHz, CD3OD) of PH102. 

 

 

Figure 33 – Mass spectrum of PH102. 
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Figure 34 – 1H NMR (400 MHz, DMSO-d6) of PH103.  

 

 

Figure 35 – 13C NMR (100 MHz, DMSO-d6) of PH103. 
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Figure 36 – Mass spectrum of PH103. 

 

 

Figure 37 – 1H NMR (400 MHz, DMSO-d6) of PH106. 
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Figure 38 – 13C NMR (100 MHz, CD3OD) of PH106. 

 

 

Figure 39 – Mass spectrum of PH106. 
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Figure 40 – 1H NMR (400 MHz, DMSO-d6) of PH107. 

 

 

Figure 41 – 13C NMR (100 MHz, DMSO-d6) of PH107. 
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Figure 42 – Mass spectrum of PH107. 

 

 
Figure 43 – 1H NMR (400 MHz, CD3OD) of PH104. 
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Figure 44 – 13C NMR (100 MHz, CD3OD) of PH104. 

 

 

Figure 45 – Mass spectrum of PH104. 
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Figure 46 – 1H NMR (400 MHz, DMSO-d6) of PH105. 

 

Figure 47 – 13C NMR (100 MHz, CD3OD) of PH105. 
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Figure 48 – Mass spectrum of PH105. 

 

 
Figure 49 – 1H NMR (400 MHz, DMSO-d6) of PH108. 
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Figure 50 – 13C NMR (100 MHz, DMSO-d6) of PH108. 

 

 
Figure 51 – Mass spectrum of PH108. 
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Figure 52 – 1H NMR (400 MHz, DMSO-d6) of PH109. 

 

 

Figure 53 – 13C NMR (100 MHz, CDCl3) of PH109. 
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Figure 54 – Mass spectrum of PH109. 

 

 

Figure 55 – 1H NMR (400 MHz, CDCl3) of 9. 
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Figure 56 – 13C NMR (100 MHz, CDCl3) of 9. 

 

 

Figure 57 – 1H NMR (400 MHz, CDCl3) of PH110. 
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Figure 58 – 13C NMR (100 MHz, DMSO-d6) of PH110. 

 

 
Figure 59 – Mass spectrum of PH110. 
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Figure 60 – 1H NMR (400 MHz, DMSO-d6) of PH112. 

 

 

 Figure 61 – 13C NMR (100 MHz, DMSO-d6) of PH112. 
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Figure 62 – Mass spectrum of PH112. 

 

 

Figure 63 – 1H NMR (400 MHz, CDCl3) of 2,6-dichloro-9-methyl-9H-purine 11. 
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Figure 64 – 13C NMR (100 MHz, CDCl3) of 2,6-dichloro-9-methyl-9H-purine 11. 

 

 

Figure 65 – 1H NMR (400 MHz, DMSO-d6) of 12. 
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Figure 66 – 13C NMR (100 MHz, DMSO-d6) of 12. 

 

 

Figure 67 – 1H NMR (400 MHz, DMSO-d6) of PH111. 
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Figure 68 – 13C NMR (100 MHz, DMSO-d6) of PH111. 

 

 
Figure 69 – Mass spectrum of PH111. 

 

331.1661

332.1690

+MS, 0.1-0.2min #7-14

0

1

2

3

6x10

Intens.

330.5 331.0 331.5 332.0 332.5 333.0 333.5 m/z



150 

  

 

Figure 70 – 1H NMR (400 MHz, DMSO-d6) of PH113. 

 

 

Figure 71 – 13C NMR (100 MHz, DMSO-d6) of PH113. 
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Figure 72 – Mass spectrum of PH113. 

 

 

Figure 73 – 1H NMR (400 MHz, DMSO-d6) of PH114. 
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Figure 74 – 13C NMR (100 MHz, DMSO-d6) of PH114. 

 

 

Figure 75 – Mass spectrum of PH114. 
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Figure 76 – 1H NMR (400 MHz, DMSO-d6) of PH115. 

 

 

Figure 77 – 13C NMR (100 MHz, DMSO-d6) of PH115. 
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Figure 78 – Mass spectrum of PH115. 

 

 
Figure 79 – 1H NMR (400 MHz, CDCl3) of PH116. 
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Figure 80 – 13C NMR (100 MHz, CDCl3) of PH116. 

 

 
Figure 81 – Mass spectrum of PH116. 
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Figure 82 – 1H NMR (400 MHz, DMSO-d6) of PH118. 

 

 

Figure 83 – 13C NMR (100 MHz, DMSO-d6) of PH118. 
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Figure 84 – Mass spectrum of PH118. 

 

 

Figure 85 – 1H NMR (400 MHz, CDCl3) of PH117. 
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Figure 86 – 13C NMR (100 MHz, CDCl3) of PH117. 

 

 
Figure 87 – Mass spectrum of PH117. 
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Figure 88 – 1H NMR (400 MHz, CDCl3) of PH119. 

 

 

Figure 89 – 13C NMR (100 MHz, CDCl3) of PH119. 
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Figure 90 – Mass spectrum of PH119. 

 

 

Figure 91 – 1H NMR (400 MHz, CDCl3) of PH120. 
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Figure 92 – 13C NMR (100 MHz, CDCl3) of PH120. 

 

 
Figure 93 – Mass spectrum of PH120. 
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Figure 94 – 1H NMR (400 MHz, DMSO-d6) of PH121. 

 

 

Figure 95 – 13C NMR (100 MHz, DMSO-d6) of PH121. 
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Figure 96 – Mass spectrum of PH121. 

 

 

Figure 97 – 1H NMR (400 MHz, CDCl3) of PH122. 
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Figure 98 – 13C NMR (100 MHz, CDCl3) of PH122. 

 

 
Figure 99 – Mass spectrum of PH122. 
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HPLC ANALISYS 

 

 

Figure 100 – HPLC chromatogram of PH100. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 

 

 

Figure 101 – HPLC chromatogram of PH101. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 
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Figure 102 – HPLC chromatogram of PH102. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 

 

 

Figure 103 – HPLC chromatogram of PH103. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 
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Figure 104 – HPLC chromatogram of PH104. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 

 

 

Figure 105 – HPLC chromatogram of PH106. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 
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Figure 106 – HPLC chromatogram of PH107. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 

 

 

Figure 107 – HPLC chromatogram of PH108. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 
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Figure 108 – HPLC chromatogram of PH109. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 

 

 

Figure 109 – HPLC chromatogram of PH110. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 
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Figure 110 – HPLC chromatogram of PH112. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 

 

 

Figure 111 – HPLC chromatogram of PH111. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 
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Figure 112 – HPLC chromatogram of PH113. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 

 

 

Figure 113 – HPLC chromatogram of PH114. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 
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Figure 114 – HPLC chromatogram of PH115. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 

 

 

Figure 115 – HPLC chromatogram of PH116. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 
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Figure 116 – HPLC chromatogram of PH118. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 

 

 

Figure 117 – HPLC chromatogram of PH117. Mobile phase: 0.1% aqueous TFA/ acetonitrile (50:50). 
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Figure 118 – HPLC chromatogram of PH119. Mobile phase: 0.1% aqueous TFA/ acetonitrile (65:35). 

 

 

Figure 119 – HPLC chromatogram of PH120. Mobile phase: 0.1% aqueous TFA/ acetonitrile (65:35). 
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Figure 120 – HPLC chromatogram of PH121. Mobile phase: 0.1% aqueous TFA/ acetonitrile (65:35). 

 

 

Figure 121 – HPLC chromatogram of PH122. Mobile phase: 0.1% aqueous TFA/ acetonitrile (65:35). 
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5 Discussão Geral 

O texto completo desta seção, que na tese defendida ocupa o intervalo de páginas 177-

200, foi suprimido por tratar-se de informações para publicação em periódico científico. 

Consta da discussão dos resultados obtidos neste trabalho e de breve relação estrutura 

atividade dos compostos relatados.  
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6 Conclusões 

O texto completo desta seção, que na tese defendida ocupa a página 201, foi 

suprimido por tratar-se de informações para publicação em periódico científico. Consta da 

conclusão deste trabalho, destacando os resultados mais relevantes. 
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Anexos  

O texto completo desta seção, que na tese defendida ocupa o intervalo de páginas 217-

220, foi suprimido por tratar-se de informações para publicação em periódico científico. 

Consta da disposição de todos os espectros de Infravermelho, RMN de Hidrogênio e de 

Carbono referentes a alguns compostos apresentados na tese defendida.   
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