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RESUMO
EVANGELISTA, Roberta da Silva, D.Sc., Universidade Federal de Vigosa, julho de
2024. Busca por novos compostos para o tratamento das leishmanioses

explorando o scaffold eugenol/1,2,3-triazol. Orientador: Rébson Ricardo Teixeira.

O eugenol (4-alil-2-metoxifenol) é um liquido amarelado encontrado em diversas
espécies vegetais, conhecido por apresentar varias bioatividades, incluindo atividade
antileishmanial. O presente trabalho descreve a sintese e a avaliagdo da atividade
antileishmanial de dois grupos de derivados do eugenol contendo fragmentos 1,2,3-
triazdlicos em suas estruturas. O primeiro grupo de compostos consistiu em derivados
diidroxilados que foram obtidos por meio de uma rota sintética que envolveu: i)
epoxidacao do eugenol com acido meta-cloroperbenzdico (m-CPBA), resultando em
(x) 2-metoxi-4-(oxiran-2-ilmetil)fenol (1) com 99% de converséo; ii) reacao de abertura
de anel de epdxido de (1) com azida de sddio, gerando (%) 4-(3-azido-2-hidroxipropil)-
2-metoxifenol (2) com 94% de rendimento; iii) reacdo CuAAC [reacdo de cicloadicao
(C) 1,3-dipolar entre um alcino terminal (A) e uma azida organica (A) catalisada por
cobre (Cu(l))] entre a substancia 2 e diferentes alcinos terminais, resultando em
dezoito derivados diidroxilados (3a-3r) com rendimentos variando de 30% a 89%. O
segundo grupo de compostos consistiu em derivados do orto eugenol contendo
grupos 1,2,3-triazdlicos. A obtencédo de vinte e dois derivados do orto eugenol foi
possivel por meio das seguintes etapas: iv) alquilagdo do guaiacol com brometo de
alila resultando na obtengéo de 1-(aliloxi)-2-metoxibenzeno (rendimento de 93%); v)
rearranjo de Claisen conduzido com 1-(aliloxi)-2-metoxibenzeno resultando no orto
eugenol (rendimento de 82%); vi) procedimentos de alquilagdo realizados com o orto
eugenol produziram 1-alil-3-metoxi-2-(prop-2-in-1-iloxi)benzeno (rendimento de 73%)

e 1-alil-3-metoxi-2-(pent-4-in-1-iloxi)benzeno (rendimento de 53%); vii) reacdes



CuAAC envolvendo os alcinos obtidos em vi com diferentes azidas benzilicas
resultaram em vinte e dois derivados do orto eugenol com funcionalidades 1,2,3-triazol
(rendimento de 48% a 93%).0s compostos foram purificados por cromatografia em
coluna de silica gel e caracterizados pelas espectroscopias no infravermelho (V) e de
ressonancia magnética nuclear (RMN) de 'H e '3C, bem como espectrometria de
massas de alta resolugdo. A avaliacao inicial da citotoxicidade dos compostos 3a—3r
e os derivados do orto eugenol contendo grupos 1,2,3-triazélicos na concentracao de
10 umol L'mostrou que os derivados do eugenol ndo possuem citotoxicidade
relevante em macréfagos RAW 264.7 e sdo menos citotdxicos do que o farmaco
comercial anfotericina B. Subsequentemente, os derivados,também na concentracao
de 10 umol L, tiveram seus efeitos avaliados frente a amastigotas do parasito
Leishmania braziliensis, causador da leishmaniose tegumentar. Os compostos (*)-4-
(3-(4-butil-1H-1,2,3-triazol-1-il)-2-hidroxipropil)-2-metoxifenol ~ (3e),  ()-4-((1-(2-
hidroxi-3-(4-hidroxi-3-metoxifenil)propil)-1H-1,2,3-triazol-4-il)metoxi)-3-

metoxibenzaldeido (3h), 4-((2-alil-6-metoxi)fenoximetil)-1-(4-clorobenzil)-1H-1,2,3-
triazol e 4-((2-alil-6-metoxi)fenoximetil)-1-(4-trifluorometoxibenzil)-1 H-1,2,3-triazol
foram os mais eficazes em reduzir a viabilidade celular em aproxidamente 40%. Os
valores de CGCso (concentracdo citotoxica 50% frente a macrofagos), [Cso
(Concentracao Inibitéria 50% frente a amastigotas) e IS (indice de seletividade) foram
determinados para 3e (CCso> 200 pmol L' ICso = 17,48 umol L' e IS = 11,4), 3h
(CCso0> 200 pmol L 1Cs0 = 37,87 umol L', e IS = 5,3), 4-((2-alil-6-metoxi)fenoximetil)-
1-(4-clorobenzil)-1H-1,2,3-triazol (CCso = 274,5 umol L, ICso = 28,09 umol L' e IS =
9,7 e  4-((2-alil-6-metoxi)fenoximetil)-1-(4-trifluorometoxibenzil)-1 H-1,2,3-triazol
(CCs0> 300 umol L, ICso = 52,03 umol L' e IS > 5,7). Os compostos estudados no

presente trabalho, explorando o scaffold eugenol/1,2,3-triazol, tém potencial como



novos agentes leishmanicidas contra L. braziliensis e podem representar um ponto de

partida para o desenvolvimento de tratamentos alternativos para leishmaniose

tegumentar.

Palavras-chave: Eugenol; Reacao Click; Antileishmanial; Leishmaniose tegumentar.



ABSTRACT

EVANGELISTA, Roberta da Silva, D.Sc., Universidade Federal de Vigosa, July, 2023.
Search for new compounds for the treatment of leishmaniasis exploring the
eugenol/1,2,3-triazole scaffold. Adviser: Rdbson Ricardo Teixeira.

Eugenol (4-allyl-2-methoxyphenol) is a yellowish liquid found in several plant species,
known to have several bioactivities, including antileishmanial activity. The present work
describes the synthesis and evaluation of the antileishmanial activity of two groups of
eugenol derivatives containing 1,2,3-triazole fragments in their structures. The first
group of compounds consisted of dihydroxylated derivatives that were obtained
through a synthetic route that involved: i) epoxidation of eugenol with meta-
chloroperbenzoic acid (m-CPBA), resulting in (%) 2-methoxy-4-(oxiran -2-
ylmethyl)phenol (1) with 99% conversion; ii) epoxide ring opening reaction of (1) with
sodium azide, generating (x) 4-(3-azido-2-hydroxypropyl)-2-methoxyphenol (2) in 94%
yield; iii) CuUAAC reaction [1,3-dipolar cycloaddition reaction (C) between a terminal
alkyne (A) and an organic azide (A) catalyzed by copper (Cu(l))] between substance 2
and different terminal alkynes, resulting in eighteen dihydroxylated derivatives (3al13r)
with yields ranging from 30% to 89%. The second group of compounds consisted of
ortho eugenol derivatives containing 1,2,3-triazole groups. Obtaining twenty-two ortho
eugenol derivatives was possible through the following steps: iv) alkylation of guaiacol
with allyl bromide resulting in obtaining 1-(allyloxy)-2-methoxybenzene (93% yield); v)
Claisen rearrangement conducted with 1-(allyloxy)-2-methoxybenzene resulting in
ortho eugenol (82% yield); vi) alkylation procedures carried out with ortho eugenol
produced 1-allyl-3-methoxy-2-(prop-2-yn-1-yloxy)benzene (73% yield) and 1-allyl-3-
methoxy-2- (pent-4-yn-1-yloxy)benzene (53% yield); vii) CUAAC reactions involving

the alkynes obtained in vi with different benzylic azides resulted in twenty-two ortho



eugenol derivatives with 1,2,3-triazole functionalities (yield from 48% to 93%). The
compounds were purified by silica gel column chromatography and characterized by
infrared (IR) and 1H and 13C nuclear magnetic resonance (NMR) spectroscopy, as
well as high-resolution mass spectrometry. The initial evaluation of the cytotoxicity of
compounds 3alJ3r and ortho eugenol derivatives containing 1,2,3-triazole groups at a
concentration of 10 umol L-1 showed that eugenol derivatives do not have relevant
cytotoxicity in RAW 264.7 macrophages and are less cytotoxic than the commercial
drug amphotericin B. Subsequently, the derivatives, also at a concentration of 10 pmol
L-1, had their effects evaluated against amastigotes of the Leishmania braziliensis
parasite, which causes cutaneous leishmaniasis. The compounds (+)-4-(3-(4-butyl-1H-
1,2,3-triazol-1-yl)-2-hydroxypropyl)-2-methoxyphenol (3e), (+)-4-( (1-(2-hydroxy-3-(4-
hydroxy-3-methoxyphenyl)propyl)-1H-1,2,3-triazol-4-yl)methoxy)-3-

methoxybenzaldehyde (3h), 4-(( 2-allyl-6-methoxy)phenoxymethyl)-1-(4-
chlorobenzyl)-1H-1,2,3-triazole  and  4-((2-allyl-6-methoxy)phenoxymethyl)-1-(4-
trifluoromethoxybenzyl )-1H-1,2,3-triazole were the most effective in reducing cell
viability by approximately 40%. The values of CC50 (cytotoxic concentration 50%
against macrophages), IC50 (Inhibitory Concentration 50% against amastigotes) and
IS (selectivity index) were determined for 3e (CC50> 200 umol L=-1, IC50 = 17.48
umol L-1 and IS = 11.4), 3h (CC50> 200 pumol L=-1, IC50 = 37.87 pmol L-1, and IS =
5.3), 4-((2-allyl-6 -methoxy)phenoxymethyl)-1-(4-chlorobenzyl)-1H-1,2,3-triazole
(CC50 = 274.5 pymol L-1, IC50 = 28.09 ymol L-1 and IS = 9.7) and 4-((2-allyl-6-
methoxy)phenoxymethyl)-1-(4-trifluoromethoxybenzyl)-1H-1,2,3-triazole (CC50> 300
pgmol L-1, 1IC50 = 52.03 ymol L- 1 and IS > 5.7). The compounds studied in the present

work, exploiting the eugenol/1,2,3-triazole scaffold, have potential as new



leishmanicidal agents against L. braziliensis and may represent a starting point for the
development of alternative treatments for cutaneous leishmaniasis.

Keywords: Eugenol; Click Reaction; Antileishmanial; Tegumentary Leishmaniasis.
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1. INTRODUCAO

As leishmanioses sdao doengas parasitarias negligenciadas cujos agentes
etiologicos sdo pelo menos vinte espécies de parasitos pertencentes ao género
Leishmania. Os parasitos sao transmitidos aos mamiferos hospedeiros por meio das
picadas de insetos fémeas, denominados de flebotomineos (BURZA et al.,2018).
Ocorrem principalmente em regides tropicais e subtropicais, com ocorréncia entre
700.000 e 1 milhdo de novos casos das doengas por ano. As principais manifestacdes
clinicas das leishmanioses sédo tegumentar e visceral (World Health Organization,
2024). Até a presente data, ndo ha vacinas disponiveis para as leishmanioses
humanas e o tratamento € realizado pela utilizagcdo de farmacos que apresentam
importantes problemas relacionados aos seus usos, a saber: desenvolvimento de
resisténcia dos parasitos, elevada toxicidade, severos efeitos colaterais e custo
elevado de algumas formulacdes desses farmacos (BASTOS et al, 2016; DE
MENEZES et al., 2015). Diante dos problemas relacionados aos medicamentos
atualmente empregados no tratamento das leishmanioses, torna-se imperativo
desenvolver alternativas terapéuticas mais eficientes (Ebiomedice, 2023).

Na busca por tratamentos alternativos para as leishmanioses, a utilizagao de
metabdlicos secundarios (produtos naturais) € uma importante estratégia que vem
sendo utilizada. Uma miriade de compostos (aromaticos, fendlicos, aciclicos, ciclicos,
cumarinas, fenilpropandides, flavonoides, alcaléides, dentre outros) isolados a partir
de plantas, algas e microorganismos tém sido identificados como promissores agentes
antileishmaniais (ROCHA et al., 2005; DE OLIVEIRA et al. 2017; GERVAZONI et al.,
2020; RAJ et al., 2020; KOKO et al., 2022). Dentre estes compostos, merece destaque

0 eugenol.
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O eugenol, também conhecido como 4-alil-2-metoxifenol de acordo com Unido
Internacional de Quimica Pura e Aplicada,com férmula molecular € C1oH1202, € um
composto natural pertencente a classe dos fenilpropandides (Figura 1). Este composto
fendlico € encontrado em diferentes espécies vegetais. No entanto, a principal fonte
desta substancia é a espécie vegetal Eugenia caryophyllata (Syzygium aromaticum),
conhecida como arvore do cravo. O 6leo essencial obtido dos botbes florais secos
desta espécie vegetal contém de 45-90% de eugenol (KAMATOU et al., 2012;

GAZOLLA, 2020).

Figura 1 — Botdes florais secos da arvore do cravo e estrutura do eugenol.

Antifungica

Antimicrobiana

Eugenol

-~ Analgesica
Y

Anti-inflamatoria

Fonte: Elaborada pela prépria autora.

Identificado originalmente em 1929 como constituinte da espécie E.
caryophyllata (ZARI et al., 2021), o eugenol é um liquido amarelado, possui baixa
solubilidade em &gua (2,46g L' a 25 °C) (LIMA et al., 2019) e apresenta carater 4cido
(pKa = 10,19 a 25 °C) (NCBI, 2024), devido a presencga da hidroxila fendlica em sua
estrutura. Além disso, o eugenol possui diversas atividades bioldgicas, algumas
destacadas na Figura 1. Do ponto de vista sintético, o eugenol tem sido utilizado como
material de partida para a preparacdo de um numero variado de compostos

(KAUFMAN, 2015). Na Figura 2 (pagina 16) estdo mostrados alguns produtos
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naturais, juntamente com suas bioatividades que foram preparadas empregando o
eugenol como material de partida.
Figura 2 — Estruturas de substancias naturais sintetizadas empregando o eugenol

como material de partida.

MeO Me
P HO =
MeO e
O HO
Carinatol OMe ©
(antitumoral, antibactericida,
X

antioxidante e inibidor enzimatico)

Obovotol
OH (antitumoral e anti-inflamatéria)
H;CO
Me
= HO
MeO Q 4 O — — OMe
0 | MeO = 'lii
OoM
€ Imperaneno HO OH
Santalina b Eugenol (Anti-inflamatério, diurético

(melhoria da disgestéo e tosse) e antiagregacgao plaquetares)

O OH
OH MeO
/L:;:r/\\éf\V/ e :I:::T/\\/JL\/JWCHA4Me
HO
HO 6-Gingerol

OMe (Antioxidante, anti-inflamatoério, antitumoral,
(E)-4-(4-hidroxi-3-metoxifenil)but-2-enol antibacteriano,
(anti-inflamatoério e antioxidante) antiagregacao plaquetares)

Fonte: Elaborada pela prépria autora. A porcéao derivada do eugenol é destacada em

vermelho nas estruturas dos produtos sintetizados.

O eugenol possui varias bioatividades relacionadas, algumas delas mostradas
na Figura 1 (pagina 15) (KAMATOU et al., 2012; GAZOLLA, 2020, ULANOWSKA e
OLAS, 2021), dentre elas antileishmanial (UEDA-NAKAMURA et al., 2006;
ISLAMUDDIN et al., 2014; HUGES et al., 2023; LE et al., 2023). A incorporacao de
fragmentos 1,2,3-triazélicos em substancia tem sido utilizada em diversos estudos
como objetivo a obtencao de derivados com importantes bioatividades, dentre elas o

efeito antileishmanial, uma vez que atuam como grupo farmacoférico e oferece maior
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estabilidade para os derivados (HEIN e FOKIN, 2010; BORGATI et al., 2013; DHEER
et al., 2017; RAZZAGHI-ASL et al., 2020; LI et al., 2013; AGALAVE et al., 2011;

ASTRUC et al., 2012).

Considerando estes fatos, pesquisas no Grupo de Sintese e Compostos
Bioativos (GSPCB) do Departamento de Quimica da Universidade Federal de Vigosa
comecgaram a ser desenvolvidas voltadas para a sintese de compostos formados pela
combinacao dos fragmentos eugenol e 1,2,3-triazol e avaliacdo da atividade
leishmanicida destes compostos. Estas investigagdes resultaram na descoberta da
substancia | mostrada na Figura 3 que apresentou significativo efeito antileishmanial

tanto in vitro quanto in vivo (TEIXEIRA et al., 2018; TEIXEIRA et al., 2022).

Figura 3 — Estrutura do derivado do eugenol 4-(3-(4-alil-2-metoxifenoxi)propil)-1-(4-
metilbenzil)-1H-1,2,3-triazol e que possui significativa atividade antileishmanial.

OCHj

4-(3-(4-alil-2-metoxifenoxi)propil)-1-(4-metilbenzil)-1H-1,2,3-triazol

Fonte: Elaborada pela prépria autora.

Considerando as premissas e dando continuidade as pesquisas que vém sendo
desenvolvidas no GSPCB visando a descoberta de novas alternativas terapéuticas
para o tratamento das leishmanioses, o presente estudo objetivou a sintese de
compostos inspirados no scaffold eugenol/1,2,3-triazol e avaliacdo de suas atividades

antileishmaniais.
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2. OBJETIVOS

2.1. OBJETIVO GERAL
Sintetizar derivados 1,2,3-triazélicos do eugenol e avaliar suas atividades

antileishmaniais.

2.2. OBJETIVOS ESPECIFICOS

e Sintetizar uma série de compostos derivados do eugenol apresentando as
estruturas gerais Il e Il mostradas a seguir e avaliar suas atividades
antileishmaniais. No presente estudo, estes compostos sdo denominados de

derivados diidroxilados do eugenol contendo grupos 1,2,3-triazélicos.

OH OH
OCHs OCH,

HO HO

N N>/I

,/N N
Ar
0

Ar/

m (1)

Ar = diferentes grupos aromaticos

e Sintetizar uma série de compostos derivados do eugenol apresentando a
estrutura geral IV mostrada a seguir e avaliar suas atividades antileishmaniais.
Na presente investigacao, estes compostos séo denominados de orfo eugenol
1,2,3-triazolicos.

OCH;
N=N Ar = diferentes grupos aromaticos

@) | n=1o0u3
AN A
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3. REVISAO DA LITERATURA

3.1. Doencas Negligenciadas e Leishmanioses

As doencas negligenciadas (DNs) s&do aquelas causadas por agentes
infecciosos que sdo endémicas, predominantemente, em populagbes de regides de
baixa e média renda, sendo algumas das principais causas de morbidade e
mortalidade em todo o mundo. Essas enfermidades também apresentam indicadores
ruins e investimentos reduzidos em pesquisas, produc¢do de medicamentos e em seu
controle (FEASAY et al., 2010; LINDOSO e LINDOSO, 2009). Elas sao causadas por
parasitos, bactérias, virus, fungos e toxinas e incluem: ulcera de Buruli; doenca de
Chagas; dengue e Chikungunya; dracunculiase (doenca do verme da Guiné);
equinococose; trematodiases transmitidas por alimentos; tripanossomiase africana
(doenca do sono); leishmanioses; hanseniase (lepra); filariose linfatica (elefantiase);
micetoma, cromoblastomicose e outras micoses profundas; malaria; oncocercose (a
cegueira dos rios); raiva; escabiose (sarna) e outras ectoparasitoses;
esquistossomose (bilharziose); envenenamento por picada de cobra; helmintiases
transmitidas pelo solo; teniase e cisticercose; tracoma; bouba (BVS, 2024). Essas
doencas tendem a receber pouca atencdo da industria farmacéutica e de 6rgaos
governamentais devido ao baixo retorno financeiro dos investimentos em pesquisa e
desenvolvimento. Como resultado, a falta de investimento compromete a
disponibilidade de tratamentos eficazes, vacinas e medidas preventivas, prolongando
o ciclo de pobreza e doenca nessas populacdes vulneraveis. A Organizacdo Mundial
de Saude (OMS) estima que DNs afetam mais de 1 bilhdo de pessoas, enquanto o
namero de pessoas que necessitam de intervencdes para DNs (tanto preventivas

qguanto curativas) é de 1,6 bilhao (WHO, 2024).
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O conjunto de DNs conhecidas como leishmanioses sdo causadas por pelo
menos vinte espécies de parasitos pertencentes ao género Leishmania e séo a
segunda maior causa de morte por parasitas no mundo, depois da malaria
(Ebiomedice, 2023).

Conforme mostrado na Figura 4, a transmisséao do parasito para o homem (e
outros mamiferos como 0s cées) ocorre por meio da picada de insetos fémeas

flebotomineos.

Figura 4 — Ciclo de transmiss&o das leishmanioses.
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Fonte: Burza et al. (2018).

O inseto flebotomineo, que carrega a forma promastigota do protozoario, o
deposita na pele do mamifero hospedeiro durante o repasto sanquineo. A forma
promastigota do protozoario é entdo fagocitada pelos macréfagos do hospedeiro,
onde se transforma na forma amastigota, multiplicando-se até que o macréfago se

rompa. Quando a fémea do vetor pica um hospedeiro infectado, ela ingere macréfagos
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contaminados com a forma amastigota. Estes se rompem no organismo do inseto,
transformando-se na forma promastigota no intestino do vetor.

As leishmanioses sao mais comuns em quatro areas: América Latina, Sudeste
Asiatico, Africa Oriental e Norte da Africa. Essas doencas sdo reconhecidas como
sensiveis ao clima e suscetiveis a modificacdes na distribuicao geografica devido aos
impactos das mudancas climaticas na propagacao do inseto vetor e no ciclo de vida
dos parasitos (Ebiomedice, 2023). Em uma avaliagédo publicada em setembro de 2022
(BEASLEY et al.,, 2022), foram registrados casos endémicos de leishmaniose
transmitida por vetores em quatro estados dos Estados Unidos da América. As
ramificagbes secunddrias das mudangas climaticas, como o deslocamento
populacional e a caréncia nutricional, tenderdo a aumentar ainda mais a
vulnerabilidade as leishmanioses. A possibilidade de aumento na ocorréncia das
leishmanioses significa que opc¢des de tratamento e controle adequadas séo
indispensaveis (Ebiomedice, 2023).

As manifestagdes clinicas das leishmanioses sdo as formas tegumentar e
visceral (Ministério da Saude do Brasil, 2024). A leishmaniose tegumentar é
caracterizada pelo aparecimento de lesdes cutaneas que podem ser Unicas, multiplas,
disseminadas ou difusas, apresentando-se como Ulceras com bordas elevadas e
fundo granuloso, geralmente sem dor (Figura 5A, pagina 22). Ja as lesbées nas
mucosas Sao mais comuns no nariz, boca e garganta (Figura 5B, pagina 22). Quando
afetam o nariz, podem provocar entupimento, sangramento, coriza, surgimento de
crostas e feridas. Na garganta, os sintomas incluem dor ao engolir, rouquidao e tosse.
O periodo de incubacdo da doencga, que € o tempo entre a infecgdo e o inicio dos
sintomas, varia em média de 2 a 3 meses, podendo ser mais curto (2 semanas) ou

mais longo (2 anos). No Brasil, uma das formas mais frequentes de leishmanioses é
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a tegumentar. Ela € também conhecida pelos nomes de Ulcera de Bauru, nariz de
tapir, botao do oriente e ferida brava.

Embora menos comum que a leishmaniose tegumentar, a leishmaniose visceral
(Figura 5C) é significativamente mais grave, podendo levar a morte se o paciente nao
for tratado prontamente e de forma adequada. Os principais sinais e sintomas da
leishmaniose visceral incluem febre prolongada e irregular (por mais de 7 dias), perda
de apetite, perda de peso, fraqueza e aumento do volume abdominal (aumento do
figado e baco). Esses sintomas geralmente aparecem, em média, entre 2 e 6 meses

apés a picada do inseto flebotomineo infectado (Ministério da Saude do Brasil, 2024).

Figura 5 — Manifestacgdes clinicas das leishmanioses.

Fontes: Morgado et al., 2018 (5A); Gomes et al., 2004 (5B); Silveira et al., 2016 (5C).

Atualmente n&o ha vacinas disponiveis para humanos para a prevencao das
leishmanioses. O tratamento é feito pela administracdo dos farmacos mostrados na

Figura 6 (pagina 23).
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Figura 6 — Farmacos utilizados no tratamento das leishmanioses.
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Os antimoniais pentavalentes estibogluconato de sédio (Pentostan®) - produ-
zido pela GSK e o antimoniato de meglumina (Glucantime®) — fabricado pela Sanofi-
Aventis S.A. - sdo os farmacos de primeira escolha no tratamento das leishmanioses
e sao utilizados desde 1945. Entretanto, seu uso no ambiente clinico apresenta varias
limitac6es. Esses compostos precisam ser administrados por via parenteral, diaria-
mente, por pelo menos trés semanas (tipicamente, 20 mg de Sb/kg/dia por 20 a 30
dias). A terapia com antiménio muitas vezes € acompanhada por dor local durante as

injecOes intramusculares e por efeitos colaterais sistémicos, exigindo uma supervisao
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médica muito cuidadosa. Os efeitos colaterais tipicos incluem nauseas, vomitos, fra-
gueza e mialgia, colica abdominal, diarreia, erupg¢des cutaneas, hepatotoxicidade e
cardiotoxicidade. O surgimento de resisténcia dos parasitos aos antimonais pentava-
lentes é outro problema importante no tratamento das leishmanioses com estes com-
postos (FREZARD et al., 2009).

A anfotericina B, um produto natural pertencente a classe dos polienos, foi ori-
ginalmente isolada de culturas de Streptomyces nodosus e possui atividade antifun-
gica (BASTOS et al., 2016). Ela age tanto nas formas promastigotas quanto amasti-
gotas e tem como alvo o ergosterol na membrana superficial do parasita, levando a
um aumento da permeabilidade e ao influxo de ions (LINDOSO et al., 2012). Este
composto tem sido utilizado em situagées em que ha elevados niveis de resisténcia
aos antimoniais pentavalentes. Devido a sua elevada massa molecular e a presenca
de muitos grupos doadores e aceptores de ligacées de hidrogénio, a anfotericina B
tem baixa biodisponibilidade oral em humanos, sendo administrada por via intrave-
nosa. Esse método de administragao limita seu uso, uma vez que requer hospitaliza-
cao do paciente. A nefrotoxicidade é o principal efeito adverso deste farmaco. Para
superar esse problema, foram desenvolvidas formulagées lipossomais da anfotericina
B. Entretanto, o custo elevado dessas formulacdes também representa uma barreira
para sua utilizacdo em paises com recursos limitados (BASTOS et al., 2016).

A pentamidina é uma dibenzamidina que interfere na sintese do DNA dos pa-
rasitos de Leishmania, agindo no cinetoplasto e na membrana mitocondrial, resultando
na morte dos parasitos (LINDOSO et al., 2012). Este medicamento pode ser adminis-
trado por via parenteral, intramuscular ou intravenosa. O protocolo terapéutico con-
siste em 4 mg/kg trés vezes por semana, por 3—4 semanas (10-12 injecdes). Os efei-

tos adversos mais comuns incluem mialgia, ndusea e cefaleia, e, com menor
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frequéncia, podem ocorrer sabor metalico, sensagao de queimagao, dorméncia e hi-
potensao (BASTOS et al., 2016).

Inicialmente desenvolvida para o tratamento do cancer, a miltefosina inibe a
biossintese de fosfolipidios e esterdis, tanto in vitro quanto in vivo contra as espécies
de Leishmania. A limitagdo para o seu uso € a sua toxicidade para os sistemas gas-
trointestinal, hepético e renal. Também é teratogénica, o que restringe seu uso em
mulheres gravidas (LINDOSO et al., 2012).

A paromomicina € um antibiético aminoglicosideo de amplo espectro que foi
encontrado por ter atividade antileishmanial na década de 1960. Os principais efeitos
colaterais sao ototoxicidade e dor local apds a injecao. Supostamente, o medicamento
afeta a fluidez da membrana plasmaética, interfere com os ribossomos e o potencial da
membrana mitocondrial, inibindo a respiracao (LINDOSO et al., 2012).

Enfatizando, os problemas relacionados aos farmacos utilizados para o trata-
mento das leishmanioses demonstram a necessidade de pesquisa por novas alterna-

tivas terapéuticas.

3.2. Eugenol, derivados e atividade antileishmanial

O eugenol é caracterizado, do ponto de vista estrutural, pela presenca dos gru-
pos hidroxila (-OH), metoxila (-OCHs) e alila (-CH2-CH=CH2) conectados a um anel
aromatico. A grande maioria dos estudos envolvendo preparacao de derivados do eu-
genol e avaliagcdo de atividade antileishmanial envolve modificagbes realizados no
grupo hidroxila. Por exemplo, DE MORAIS e colaboradores (2014) prepararam os de-
rivados V e VI mostrados na Figura 7 (pagina 26) por meio de reagdes de acilacao do
eugenol com cloreto de etanoila e cloreto de benzoila.
Figura 7 — Derivados acilados do eugenol preparados por DE MORAIS e colaborado-

res (2014).
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Fonte: Elaborada pela prépria autora.

Estes compostos, juntamente com o eugenol, tiveram suas atividades antileish-
maniais avaliadas in vitro contra Leishmania infantum chagasi e os resultados sao

mostrados na Tabela 1.

Tabela 1 — Resultados dos ensaios de avaliacdo da atividade antileishmanial e citoto-
xicidade dos compostos acilados V e VI derivados do eugenol. O eugenol, a anfoteri-

cina B e a pentamidina foram utilizados como controles positivos.

Promastigota ICs0 Amastigota ICso Citotoxicidade’

Composto

(ug mL7) (ng mL7) (%)
\' 23,21 + 3,46 18,53 £ 4,79 > 100
\ 10,58 £ 0,18 14,93 + 4,50 97,7 +5,6
Eugenol 56,13 £ 2,09 20,81 £1,59 29 +1,3
Anfotericina B Nd 20,44 £ 0,98 98,5+75
Pentamidina 5,30 £ 0,81 Nd 85,6 £6,9

ICs0 = Concentracgéao inibitéria 50%.
Nd = Nao determinado.
*Os valores de citotoxicidade correspondem ao percentual de sobrevivéncia celular
na concentracdo de 100 pg mL'. As atividades foram determinadas contra a linhagem
celular RAW 264.7.

Os dados apresentados na Tabela 1 revelam que os compostos foram mais
ativos que o eugenol contra as formas promastigota e amastigota de L. infantum, de-
monstrando que a conversao do eugenol nos derivados acilados gerou compostos

com atividade antileishmanial potencializada. Outro aspecto importante é que, ao
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contrario do eugenol, os derivados V e VI ndo apresentaram citotoxicidade frente a
linhagem celular RAW 264.7. Além disso, os derivados apresentaram atividade anti-
leishmanial contra as formas amastigota comparavel ao farmaco anfotericina B.
Utilizando reacdes de esterificacdo entre o eugenol e diferentes acidos carbo-
xilicos de cadeias alifaticas e aromaticas, Raja e colaboradores (2017) sintetizaram
uma série de trinta e seis derivados do eugenol que tiveram suas atividades avaliadas
contra as formas promastigota e amastigota de Leishmania donovani que também
causa leishmaniose visceral. Entre os derivados sintetizados, o composto VIl (Figura
8) mostrou a melhor atividade antileishmanial contra a forma promastigota extracelular

(ICso= 20,13 £ 0,91 umol L") e amastigota intracelular (ICso= 4,25 + 0,26 umol L7).

Figura 8 — Estrutura do composto VII. Este composto foi produzido por meio da reagéo
de esterificacdo entre o eugenol e o0 acido cis-oleico.

OCHj

Fonte: Elaborada pela prépria autora.

Quando avaliado frente a macrofagos peritoniais, este composto apresentou
valor de concentragao citotoxica 50% (CCso) igual a 346,20 + 6,02 umol L'. Assim, o
indice de seletividade (IS), que é determinado pela razdo entre CCso e ICso0 (contra a
forma amastigota intracelular), correspondeu a 82,24 * 3,77. Este indice de seletivi-
dade foi superior em 10 e 13 vezes, respectivamente, em comparacao com anfoteri-
cina B e miltefosina, utilizados como controles positivos nos ensaios in vitro de avali-

acao antileishmanial (Tabela 2).
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Tabela 2 — Resultados dos ensaios in vitro de avaliacao da atividade antileishmanial
contra L. donovani VII. Miltefosina e anfotericina B foram utilizados como controles

positivos. A citotoxicidade foi avaliada empregando macréfagos peritoniais.

_ _ Citotoxici- indice de
Promastigota Amastigota o
Composto dade seletividade

Cs0 (umol L) ICso (pmol L) CCso (umol L)  (IS)

Vil 20,13 + 0,91 4,25 + 0,26 346,20 +6,02 82,24 + 3,77
Miltefosina 10,38 + 0,32 6,40 +£ 0,42 40,66 + 2,18 6,34 + 0,45
AnfotericinaB 1,36 +0,16 1,18 +0,13 9,18 +0,85 7,78 £0,59

O tratamento com composto VII (5 mg mL') aumentou a geragéo de éxido ni-
trico (NO), a expressdo de mRNA de iINOS2 (~8 vezes) e diminuiu a atividade de ar-
ginase-1 (~4 vezes) em macro6fagos peritoneais infectados por L. donovani. O deri-
vado do eugenol VIl também aumentou a expressao de mRNA de interleucina (IL-12)
(~6 vezes) e diminuiu a expressao e liberacao de interleucina-10 (IL-10) (~3 vezes) in
vitro. Os resultados de estudos in vivo conduzidos com VIl revelaram que o tratamento
com o composto na dosagem de 35 a 25 mg kg™' de peso corporal eliminou eficiente-
mente a carga parasitaria hepatica e esplénica com uma resposta Th1 aumentada em
camundongos BALB/c infectados por L. donovani. Assim, esta investigacdo mostrou
que o composto VIl apresenta atividade imunomoduladora, capaz de induzir uma res-
posta imune protetora do hospedeiro contra a leishmaniose visceral por meio do au-
mento da geracao de NO e da resposta Th1, que sdo essenciais contra essa doenca

que pode ser fatal.

Conforme descrito anteriormente, o derivado 1,2,3-triazélico do eugenol I,
mencionado na pagina 17, demonstrou atividade antileishmanial significativa

(TEIXEIRA et al., 2018). Esse derivado foi avaliado quanto ao seu efeito
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antileishmanial in vitro contra a espécie Leishmania amazonensis, responsavel pela
leishmaniose tegumentar. Em relagdo a forma promastigota, o valor de 1Cso foi de 7,4
umol L. Notavelmente, este composto mostrou baixa citotoxicidade em relagédo aos
macréfagos (CCso = 211,9 umol L) e exibiu atividade significativa contra as formas
amastigota intracelular (ICso = 1,6 umol L'). O indice de seletividade foi calculado
como 132,5 para a forma amastigota. Adicionalmente, o composto | demonstrou maior
efichAcia quando comparado com a pentamidina e o glucantime, farmacos

habitualmente utilizados no tratamento da leishmaniose (Tabela 3).

Tabela 3 - Resultados dos ensaios in vitro de avaliacao da atividade antileishmanial
contra L. amazonensis do composto I. Glucantime e pentamidina foram utilizados
como controles positivos. A citotoxicidade foi avaliada empregando macréfagos

peritoniais.

_ _ o indice de
Promastigota Amastigota  Citotoxicidade CCso .
Composto seletividade

ICs0 (umol L") ICs0 (umol L") (umol L)

(1)
| 7,4+0,8 1,6 £0,2 211,9+23 132,5
Glucantime Nd 455+1,6 755126 1,6
Pentamidina 4,2+04 1,8+0,2 8,5+0,6 4,7

Quando avaliado in vivo e administrado por via oral, o derivado | se comportou
de forma semelhante ao glucantime na reducéo da lesdo dos camundongos infectados
por parasitos que causam a leishmaniose tegumentar, com efeito toxico inferior ao do
medicamento utilizado para o tratamento da doenca (TEIXEIRA et al., 2022).

A obtencao de compostos com potencial atividade antileishmanial envolvendo
modificacdes na porcao alilica do eugenol e apresentando grupos triazélicos em sua

composicao ainda nao foi descrita na literatura. Além disso, ndo h4 relatos reportando
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a utilizacao de isbmeros constitucionais do eugenol, como o orto eugenol, para a ob-
tencéo de derivados 1,2,3-triazélicos. Assim, neste trabalho os compostos de estru-
tura geral Il e lll mostrados na pagina 18 foram preparados modificando-se a porgéao
alilica do eugenol para a incorporagéao de fragmentos 1,2,3-triazélicos. Ja os derivados
de estrutura geral IV mostrados na pagina 18 correspondem a compostos 1,2,3-tria-
z6licos preparados a partir do orto-eugenol. A reacao de cicloadicao (C) 1,3-dipolar
entre um alcino terminal (A) e uma azida orgénica (A) catalisada por Cu(l) (reacéo
CuAAC) correspondeu ao processo chave envolvido nas sinteses dos compostos II,

lll e IV derivados do eugenol.

3.3. Areacao CuAAC

Os 1,2,3-triazdis (Figura 9) sdo compostos de natureza heterociclica
apresentando em suas estruturas um anel de cinco membros, com trés atomos de
nitrogénio, de origem exclusivamente sintética (MELO et al., 2006; CANDUZINI, 2012;

PRAVEENA et al., 2015).

Figura 9 — Estrutura do anel 1,2,3-triazélico.
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Fonte: Elaborada pela prépria autora.

Os compostos heterociclicos contendo nucleos 1,2,3-triazélicos tém sido
objetos de numerosos estudos devido as suas diversas aplicagcbes na industria
farmacéutica e agroquimica, em virtude de suas bioatividades (HEIN e FOKIN, 2010;
BORGATI et al,, 2013; ZHANG et al., 2014; MAO et al., 2015). Os 1,2,3-triazélicos

podem ser empregados para realizar a conexao entre duas ou mais substancias de



31

interesse, bem como grupos farmacoféricos. Além disso, funcionam como bioisésteros
do grupo amida, uma vez que exibem propriedades fisico-quimicas semelhantes e séo
mais estaveis, ndo sendo facilmente hidrolisados, oxidados ou reduzidos (LI et al.,
2013; AGALAVE et al., 2011; ASTRUC et al., 2012).

Uma metodologia classica para a obtencdo de compostos 1,2,3-triazélicos foi
descrita por Michael em 1893 e desenvolvida por Huisgen em 1967, envolvendo uma
reagao concertada de cicloadigédo térmica 1,3-dipolar entre azidas organicas e alcinos
terminais ou internos (Esquema 1). No entanto, devido a necessidade de elevadas
temperaturas, tempos de reagéo prolongados, baixos rendimentos e formagéo de uma
mistura de regioisdmeros triazolicos 1,4 e 1,5-dissubstituidos, esse tipo de reacao
tornou-se pouco atrativo para a sintese organica (KOLB et al., 2001; FREITAS et al.,

2011; BORGATI, 2012).

Esquema 1 - Regioisémeros obtidos via cicloadicao térmica classica de Huisgen.
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Fonte: Elaborada pela prépria autora.

Para contornar esse problema, Meldal (MELDAL e TORNGE, 2008) e
Sharpless (ROSTOVTSEV et al., 2002) demonstraram em seus estudos que a
utilizacao de Cu(l) acelerava significativamente a reacao (a velocidade da reagao
aumentava em até 7 vezes), tornando-a mais rapida em relacdo a proposta de
Huisgen. Além disso, o emprego de Cu(l) resultava na formacdo exclusiva do
regioisdbmero 1,4-dissubstituido em condi¢cdes brandas de reacao (TORNQE et al.,
2002; ROSTOVTSEV et al., 2002; MOSES e MOORHOUSE, 2007; TRON et al., 2008;

MELDAL e TORNGE, 2008). Essa metodologia especifica para a formacgao



32

regiosseletiva de 1,2,3-triaz6is-1,4-dissubstituidos (Esquema 2), conhecida como
reagdo de cicloadicdo (C) 1,3-dipolar entre um alcino terminal (A) e uma azida
orgéanica (A) catalisada por Cu(l) (reacdo CuAAC), passou a ser amplamente adotada
na sintese de compostos 1,2,3-triazélicos (PEREIRA et al.,, 2010; FREITAS et al.,
2011; WANG et al., 2016; DHEER et al., 2017; MEGHANI et al., 2017; OUYANG et

al., 2018).

Esquema 2 - Reacéo de cicloadi¢ao 1,3-dipolar entre um alcino terminal e uma azida

organica catalisada por Cu(l) (reacado CuAAC).

Fonte: Elaborado pela prépria autora.

O aumento da velocidade da reag&o e do rendimento pode ser explicado pelo
ciclo catalitico apresentado no Esquema 3 (pagina 33). Inicialmente, ocorre a
complexacao n entre Cu(l) e o alcino terminal (estrutura VIII, Esquema 3). Em seguida,
ha a formacao doacetileto de cobre (IX); a diminuicdo do pKa do hidrogénio de 25 para
9,8 favorece a desprotonacao em meios aquosos. Em seguida, ha conversdo do
intermediario IX no complexo azida-acetileto (X), no qual o cobre torna o nitrogénio
terminal da azida mais eletrofilico e o carbono do tipo B-vinilidénico mais nucleofilico,
definindo a formacao do metalociclo (XI). Essa etapa determina a regiosseletividade
da reacgéo, pois € endotérmica, com energia de ativagdo de 15 kcal mol!, menor do
que para a reagdo nao catalisada (26 kcal mol'). Na proxima etapa, ocorre uma
contragdo do anel por meio de uma associagao transanular do par de elétrons nao
ligantes do N-1 com o orbital antiligante de C-5, resultando na formacao da triazolila

de cobre (XIl). Por fim, ocorre a formagdo do composto 1,2,3-triazélico-1,4-
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dissubstituido (XIll) e a regeneracdo do catalisador apdés a protonagdo do

intermediario triazolila de cobre (FREITAS et al., 2011).

Esquema 3 — Etapas do ciclo catalitico envolvido na reagéo de conversao de alcino

terminal e azida em compostos 1,2,3-triazdlicos.
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Fonte: FREITAS et al., 2011.

A reacdo CuAAC, também conhecida como reacdo "click", foi descrita por
Sharpless como uma reacédo que deve ocorrer de forma rapida, estereoespecifica
(mas nao necessariamente enantiosseletiva), produzindo produtos secundarios
inofensivos e de facil remocao. Além disso, idealmente, deve ocorrer sem o0 uso de
solventes ou com a utilizagdo de solventes atdxicos e inofensivos, utilizando materiais
de partida estaveis e de facil obtencéo, e ndo necessitando de condicdes especiais,
sendo insensivel a oxigénio e agua (KOLB et al., 2001; FREITAS, 2011; HOU et al.,

2012; WANG et al., 2016).
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4. MATERIAIS E METODOS

As informagdes descritas nesta secdo correspondem a sintese e a avaliagéo
da atividade antileishmanial dos derivados diidroxilados do eugenol contendo grupos
1,2,3-triazdlicos [compostos de estruturas geral Il e lll (pagina 18)]. As informacdes a
respeito da sintese e avaliagdo da atividade antileishmanial dos compostos
denominados de orto eugenol 1,2,3-triazdlicos, de estrutura geral IV (pagina 19) estao
apresentadas no artigo ‘Synthesis and Evaluation of the Antileishmanial Activity of
Novel Eugenol Analogs Containing 1,2,3-triazoles fragments against Intracellular
Leishmania braziliensis’ publicado no periddico Journal of the Brazilian Chemical
Society, Vol. 34, N° 12, 1810-1824, 2023. Uma reproducdo do artigo esta

disponibilizada na Secao 6 deste trabalho.

4.1. Generalidades Metodoldgicas
Foram utilizados reagentes de grau P.A. para a sintese dos compostos.

As substancias fenilacetileno, 1-etinil-4-nitrobenzeno, 1-etinil-4-metoxibenzeno, 1-
etinil-4-metilboenzeno, hex-1-ino, 1-etinilcicloexan-1-ol, 1-etinil-4-fluorobenzeno, 1-
etinil-3-fluorobenzeno, 1-etinil-2-fluorobenzeno, 1-etinil-3,5-difluorobenzeno, 1-etinil-
3,4-difluorobenzeno, 1-etinil-2,4-difluorobenzeno, 1-etinil-2-(trifluorometil)benzeno, 1-
etinil-3-(trifluorometil)benzeno,  1-etinil-4-(trifluorometil)benzeno,  1-etinil-3,5-bis-
(trifluorometil)benzeno, eugenol, vanilina, sulfato de cobre(ll) pentaidratado, ascorbato
de sédio, azida de sodio e acido m-cloroperbenzdico foram adquiridas comercialmente
da Sigma Aldrich (St. Louis, MO, Estados Unidos) e utilizados sem prévia purificagao.
Os alquinos 4-alil-2-metoxi-1-(prop-2-in-1-iloxi)benzeno (derivado do eugenol) e 3-

metoxi-4-(prop-2-in-1-iloxi)benzaldeido (derivado da vanilina) foram preparados
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empregando-se metodologias previamente descritas na literatura (TEIXEIRA et al.,
2018; GAZOLLA et al., 2023).

Cloreto de sodio, bicarbonato de sddio, carbonato de sédio, cloreto de aménio
e sulfito de sodio foram adquiridos da FMaia (Belo Horizonte, Brasil). Os solventes
metanol, cloroféormio, diclorometano, acetato de etila e hexano foram adquiridos da
Exodo Cientifica (Sumaré, Sao Paulo, Brasil) e utilizados apés destilagdo realizada
por meio do evaporador rotativo.

As andlises por cromatografia em camada delgada (CCD) foram realizadas
utilizando-se placas cromatograficas de silica-gel impregnadas sobre aluminio. Apos
a eluicao, as placas de CCD foram observadas sob luz ultravioleta (A = 254 nm) e
reveladas com solugao de permanganato de potassio (3 g de KMnOs4, 20 g de K2COs,
5 mL de NaOH 5% m v-', 300 mL de agua).

As separagbes em coluna cromatografica foram realizadas utilizando-se
silica-gel (70-230 mesh), como fase estacionaria. Os solventes utilizados como
eluentes foram usados apds prévia purificacdo por meio do evaporador rotativo.

As temperaturas de fusdo foram determinadas em aparelho MQAPF-302 e
nao foram corrigidas.

Os espectros no infravermelho (IV) foram obtidos empregando-se a técnica
reflectancia total atenuada (ATR) em equipamento Varian 660-IR com acessoério
GladiATR na regigo de 4000 a 500 cm™.

Os espectros de ressonancia magnética nuclear de hidrogénio (RMN de 'H,
300 MHz, 400 MHz e 600 MHz) e de carbono (RMN de '3C, 75 MHz, 100 MHz e 150
MHz) foram obtidos em espectrometros BRUKER AVANCE. Foram utilizados como

solventes cloroformio (CDCIs), dimetilsulfoxido (DMSO-ds) e metanol (CDsOD)
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deuterados. As constantes de acoplamento escalar (J) foram expressas em Hertz
(Hz).

A numeracdo utilizada nas estruturas dos compostos e nas descrigées dos
dados referentes aos espectros de RMN de 'H e 3C nao estdo necessariamente
relacionadas com aquelas recomendadas nas regras de nomenclatura sugeridas pela

International Union of Pure and Applied Chemistry (IUPAC).

4.2. PROCEDIMENTOS SINTETICOS

4.2.1. Sintese do (+)-2-metoxi-4-(oxiran-2-ilmetil)fenol (1)

A um baldo de fundo redondo (50 mL) foram adicionados eugenol (1,00 g; 6,10
mmol) e acido m-cloroperbenzoico (2,60 g; 11,6 mmol) dissolvidos em cloroférmio
(30,0 mL). A mistura de reacao foi mantida sob agitacdo a temperatura ambiente por
7 h. Decorrido este periodo, a fase aquosa foi extraida com cloroférmio (3 x 20,0 mL).
Os extratos organicos foram reunidos e a fase organica resultante foi seca com sulfato
de sodio anidro, filtrada e concentrada sob presséo reduzida. O composto 1 foi purifi-
cado por cromatografia em coluna de silica gel eluida com hexano-acetato de etila
(2:1 v v'') e com 99% de taxa de converséo (1,08 g; 6,00 mmol).

Caracteristica: 6leo amarelo.

CCD: Rf = 0,46 (hexano-acetato de etila 2:1 v v'1).
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IV (ATR) v, /em™: 3399, 3057, 2998, 2933, 2842, 2057, 1733, 1603, 1513, 1462,
1431, 1402, 1367, 1269, 1235, 1200, 1150, 1121, 1030, 927, 822, 791, 732, 627, 561,
432. O espectro é apresentado na Figura 10 (pagina 72).

RMN de 'H (400 MHz, CDCls) &: 2,56 (dd, 1H, J=5,0 Hz e J= 2,6 Hz, H-9a); 2,80-2,83
(m, 3H, H-7a, H-7b/H-9b); 3,12-3,17 (m, 1H, H-8); 3,90 (s, 3H, OCHgs); 6,75 (dd, 1H, J
=8,0 Hz e J=1,8 Hz, H-5); 6,78 (d, 1H, J= 1,8 Hz, H-3); 6,87 (d, 1H, J = 8,0 Hz, H-
6). O espectro é apresentado na Figura 11 (pagina 73).

RMN de 13C (100 MHz, CDCI3) &: 38,3 (C-7); 46,7 (C-9); 52,7 (C-8); 55,9 (OCHsa);
111,6 (C-3); 114,3 (C-6); 121,6 (C-5); 129,1 (C-4); 144,4 (C-1); 146,5 (C-2). O espectro

é apresentado na Figura 13 (pagina 75).

4.2.2. Sintese do (*)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2)

A um balédo de fundo redondo (25 mL) foram adicionados (+)2-metoxi-4-(oxi-
ran-2-ilmetil)fenol (1) (0,700 g; 3,89 mmol), azida de sodio (1,26 g; 19,4 mmol), cloreto
de amonio (0,520 g; 9,73 mmol) e 8,00 mL de metanol-agua (4:1 v v''). A mistura
reacional foi mantida sob agitacao por 18 horas a temperatura de 60 °C e monitorada
por CCD. Terminada a reacao, adicionaram-se 10,0 mL de agua destilada. A fase
aquosa foi extraida com diclorometano (8 x 30,0 mL), lavada com solug¢ao saturada
de NaCl, seca com sulfato de sddio anidro, filtrada e concentrada sob pressao redu-

zida. O residuo foi purificado por cromatografia em coluna de silica gel eluida com
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hexano-acetato de etila (2:1 v v''). O composto (*)-4-(3-azido-2-hidroxipropil)-2-meto-
xifenol (2) foi obtido com 94% de rendimento (0,815 g; 3,66 mmol).

Caracteristica: 6leo amarelo.

CCD: Rf = 0,33 (hexano-acetato de etila 2:1 v v').

IV (ATR)v,, /cm™: 3386, 2957, 2926, 2858, 2097, 1604, 1514, 1462, 1432, 1367,

1269, 1233, 1206, 1152, 1122, 1069, 1032, 927, 858, 814, 795, 741, 633, 557,451. O
espectro € apresentado na Figura 15 (pagina 79).

RMN de 'H (400 MHz, CDCls) &: 2,70 (dd, 1H, J= 13,8 Hz e J = 7,8 Hz, H-7a); 2,75
(dd, 1H, J= 13,8 Hz e J= 5,8 Hz, H-7b); 3,28 (dd, 1H, J= 12,6 Hz e J = 6,6 Hz, H-9a);
3,37 (dd, 1H, J=12,6 Hz e J = 3,8 Hz, H-9b); 3,87 (s, 3H, OCHs); 3,92-3,99 (m, 1H,
H-8); 6,69 (dd, 1H, J=7,8 Hze J= 1,8 Hz, H-5); 6,71 (d, 1H, J= 1,8 Hz, H-3); 6,85 (d,
1H, J = 7,8 Hz, H-6). O espectro é apresentado na Figura 16 (pagina 80).

RMN de 3C (100 MHz, CDCls) &: 40,4 (C-7); 55,90 (OCHs); 55,94 (C-9); 71,7 (C-8);
111,8 (C-3); 114,6 (C-6); 121,8 (C-5); 128,7 (C-4); 144,5 (C-1); 146,6 (C-2). O espectro

é apresentado na Figura 17 (pagina 81).

4.2.3. Sintese dos compostos triazélicos 3a—-3r

OH
OCHs
HO
/N ~
N}’,JN
R (3a-3r)

A um balao de fundo redondo (25 mL) foram adicionados a azida (£) 4-(3-
azido-2-hidroxipropil)-2-metoxifenol (2) (1,00 equivalente), o alquino de interesse

(1,00 equivalente), ascorbato de sodio (0,400 equivalente), 2,00 mL de agua destilada
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e 2,00 mL de diclorometano. Em seguida, adicionou-se o CuSO45H20 (0,200
equivalente). A mistura de reagdo permaneceu sob agitagdo vigorosa por 1 hora a
temperatura ambiente. Apds o término da reacao, determinado via analise por CCD,
a mistura resultante foi lavada com solugcédo saturada de Na2COs e a fase aquosa
extraida com diclorometano (3 x 20,0 mL). Os extratos organicos foram reunidos e a
fase organica foi seca com sulfato de sodio anidro, filtrada e concentrada sob pressao
reduzida. O material resultante foi purificado por cromatografia em coluna de silica-
gel utilizando como eluente uma mistura de hexano-acetato de etila (1:1 v v''). Os
derivados triazélicos do eugenol 3a-3r foram obtidos com rendimentos variando de
30%—-89%. A seguir estao descritas as informacgdes relativas as reacées envolvidas
na preparacdo dos compostos e os dados que suportam as estruturas destas

substancias.

Sintese do (%)-4-(2-hidroxi-3-(4-fenil-1H-1,2,3-triazol-1-il)propil)-2-metoxifenol (3a)

OH
1
OCH
6 3

Este composto foi obtido como um sélido branco (0,106 ¢;0,326 mmol) com
89% de rendimento empregando-se fenilacetileno (0,0380 g; 0,370 mmol), () 4-(3-
azido-2-hidroxipropil)-2-metoxifenol (2) (0,0820 g; 0,370 mmol), ascorbato de sédio
(0,0300 g; 0,152 mmol) e CuSO4-5H20 (0,0190 g; 0,0740 mmol).

Caracteristica: solido branco.
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CCD: Rf = 0,32 (hexano-acetato de etila 1:1 v v'').

Faixa de fusao: 132,9-133,4 °C.

IV (ATR) v, . /cm™: 3351, 3159, 3066, 2938, 2840, 2163, 1730, 1605, 1516,
1464,1445, 1428, 1366, 1273, 1231, 1209, 1154, 1123, 1076, 1034, 976, 897, 862,
817,767,693, 632, 560, 510, 469, 433. O espectro é apresentado na Figura 1A (pagina
122) no anexo.

RMN de 'H (400 MHz, CD3s0D) &: 2,69 (d, 2H, J = 6,4 Hz, H-7); 3,78 (s, 3H, OCHs3);
4,13-4,20 (m, 1H, H-8); 4,28 (dd, 1H, J= 14,0 Hz e J = 8,0 Hz, H-9a); 4,44 (dd, 1H, J
= 14,0 Hz, J = 3,4 Hz, H-9b); 6,66 (dd, 1H, J=8,1 Hz e J= 1,3 Hz, H-5); 6,69 (d, 1H,
J = 8,1 Hz, H-6); 6,81 (d, 1H, J= 1,3 Hz, H-3); 7,27 (t, 1H, J = 7,4 Hz, H-4"); 7,36 {(t,
2H, J= 7,4 Hz, H-3'/H-5"); 7,74 (d, 2H, J = 7,4 Hz, H-2"/H-6"); 8,19 (s, 1H, H-10). O
espectro é apresentado na Figura 2A (pagina 123) no anexo.

RMN de '3C (100 MHz, CDsOD) &: 40,1 (C-7); 55,0 (C-9); 55,1 (OCHs); 71,2 (C-
8);112,6 (C-3); 114,8 (C-6); 121,6 (C-5); 122,0 (C-10); 125,2 (C-27/C-67); 127,9 (C-
47);128,5 (C-3'/C-57); 128,9 (C-17); 130,3 (C-4); 144,8 (C-1); 147,1 (C-2); 147,4 (C-11).

O espectro é apresentado na Figura 3A (pagina 124) no anexo.

Sintese do (%)-4-(2-hidroxi-3-(4-(4-nitrofenil)-1 H-1,2,3-triazol-1-il)propil)-2-metoxifenol

(3b)
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Este composto foi obtido como um sélido branco (0,0820 g; 0,221 mmol) com
68% de rendimento empregando-se 1-etinil-4-nitrobenzeno (0,0470 g; 0,320 mmol),
(x)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,0720 g; 0,320 mmol), ascorbato de
s6dio (0,0250 g; 0,129 mmol) e CuSO4-5H20 (0,0160 g; 0,0650 mmol).
Caracteristica: solido branco.
CCD: Rf = 0,13 (hexano-acetato de etila 1:1 v v').
Faixa de fusao: 86,8-87,6 °C.

IV (ATR) v, /cm™: 3326, 3132, 2932, 2846, 2163, 2042, 1742, 1604, 1514,

1454,1430, 1343, 1268, 1235, 1151, 1108, 1053, 1029, 977, 934, 854, 800, 755, 711,
689,655, 637, 500, 460. O espectro é apresentado na Figura 4A (pagina 125) no
anexo.

RMN de 'H (400 MHz, CD3s0D) &: 2,70 (d, 2H, J = 6,4 Hz, H-7); 3,78 (s, 3H, OCHj3);
4,13-4,19 (m, 1H, H-8); 4,30 (dd, 1H, J= 13,8 Hz e J= 7,8 Hz, H-9a); 4,48 (dd, 1H, J
= 13,8 Hz e J = 3,4 Hz, H-9b); 6,65 (dd, 1H, J=8,1 Hz e J= 1,3 Hz, H-5); 6,68 (d, 1H,
J=8,1Hz, H-6);6,81 (d, 1H, J= 1,3 Hz, H-3); 7,98 (d, 2H, J = 8,8 Hz, H-2'/H-6"); 8,22
(d, 2H, J = 8,8 Hz, H-3'/H-5"); 8,39 (s, 1H, H-10). O espectro é apresentadona Figura
5A (pagina 126) no anexo.

RMN de 3C (100 MHz, CDsOD) &: 40,4 (C-7); 55,0 (C-9); 55,2 (OCHs); 71,2 (C-
8);112,6 (C-3); 114,8 (C-6); 121,6 (C-5); 123,8 (C-37/C-57); 123,7 (C-10); 125,8 (C-
2°/C-6"); 128,7 (C-4); 136,9 (C-17); 144,9 (C-1); 145,0 (C-2); 147,2 (C-4"); 147,5 (C-

11). O espectro é apresentado na Figura 6A (pagina 127) no anexo.

Sintese do (1)-4-(2-hidroxi-3-(4-(4-metoxifenil)-1 H-1,2,3-triazol-1-il)propil)-2-

metoxifenol (3c)
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Este composto foi obtido como um sélido branco (0,0870 g; 0,245 mmol) com
72% de rendimento empregando-se 1-etinil-4-metoxibenzeno (0,0450 g; 0,340 mmol),
(¥)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,0760 g; 0,340 mmol), ascorbato de
sodio (0,0270 g; 0,136 mmol) e CuSO4-5H20 (0,0170 g; 0,0680 mmol).
Caracteristica: sélido branco.
CCD: Rf = 0,22 (hexano-acetato de etila 1:1 v v').
Faixa de fusao: 136,1-136,8 °C.

IV (ATR) v, /cm™: 3463, 3230, 3020, 2978, 2920, 2842, 2036, 1613, 1560, 1515,

1498, 1439, 1352, 1275, 1240, 1174, 1150, 1123, 1094, 1023, 980, 830, 794, 665,
608, 559, 534, 455. O espectro é apresentado na Figura 18 (pagina 84) no anexo.
RMN de 'H (600 MHz, CD3OD) ¢: 2,73 (d, 2H, J = 6,6 Hz, H-7); 3,81 (s, 3H, OCHj3");
3,84 (s, 3H, OCHs); 4,18-4,23 (m, 1H, H-8); 4,31 (dd, 1H, J= 14,0 Hz e J= 7,8 Hz, H-
9a); 4,48 (dd, 1H, J= 14,0 Hz e J = 3,3 Hz, H-9b); 6,71 (dd, 1H, J=79Hze J=1,6
Hz, H-5); 6,74 (d, 1H, J = 7,9 Hz, H-6); 6,86 (d, 1H, J= 1,6 Hz, H-3); 6,97 (d, 2H, J =
8,7 Hz, H-3'/H-5"); 7,70 (d, 2H, J = 8,7 Hz, H-2'/H-6"); 8,14 (s, 1H, H-10). O espectro
é apresentado na Figura 19 (pagina 85) no anexo.

RMN de '3C (150 MHz, CD3OD) &: 44,3 (C-7); 58,3 (C-9); 58,9 (OCH3"); 59,0 (OCHs3);

75,0 (C-8); 116,7 (C-3); 117,9 (C-3°/C-5"); 118,7 (C-6); 125,1 (C-5); 125,5 (C-17); 126,8
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(C-10); 130,7 (C-2°/C-6"); 132,9 (C-4); 148,5 (C-1); 150,9 (C-2); 151,5 (C-11); 163,8

(C-4"). O espectro € apresentado na Figura 20 (pagina 86) no anexo.

Sintese do (+)-4-(2-hidroxi-3-(4-(p-tolil)-1H-1,2,3-triazol-1-il)propil)-2-metoxifenol (3d)

OH
1
OCH
6 2 3

Este composto foi obtido como um sélido branco (0,0970 g; 0,286 mmol) com
81% de rendimento empregando-se 1-etinil-4-metiloenzeno (0,0410 g; 0,35 mmol),
(¥)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,0780 g; 0,350 mmol), ascorbato de
s6dio (0,0280 g; 0,140 mmol) e CuSO4-5H20 (0,0170 g; 0,0700 mmol).
Caracteristica: sélido branco.
CCD: Rf = 0,29 (hexano-acetato de etila 1:1 v v'1).
Faixa de fusao: 122,5-123,3 °C.

IV (ATR) v, /ecm™: 3534, 3238, 2921, 1607, 1513, 1433, 1371, 1267, 1242, 1210,

1140, 1124, 1096, 1078, 1057, 1036, 980, 927, 887, 851, 826, 798, 766, 728, 666,
640, 557, 516, 425. O espectro é apresentado na Figura 7A (pagina 128) no anexo.

RMN de 'H (400 MHz, CDCIs) &: 2,38 (s, 3H, CHs); 2,73 (dd, 1H, J=13,8 Hze J=7,0
Hz, H-7a); 2,83 (dd, 1H, J= 13,8 Hz e J= 4,6 Hz, H-7b); 3,87 (s, 3H, OCH3); 4,27-4,34
(m, 2H, H-9a/H-8); 4,52 (dd, 1H, J= 17,2 Hz e J= 6,0 Hz, H-9b); 6,72 (dd, 1H, J= 8,0

Hz e J=1,4 Hz, H-5); 6,76 (d, 1H, J= 1,4 Hz, H-3); 6,87 (d, 1H, J = 8,0 Hz, H-6); 7,21
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(d, 2H, J = 8,0 Hz, H-3"/H-5%); 7,66 (d, 2H, J = 8,0 Hz, H-2"/H-6"); 7,84 (s, 1H, H-10).
O espectro é apresentado na Figura 8A (pagina 129) no anexo.

RMN de '3C (100 MHz, CDCl3) & 21,2 (CHa); 40,5 (C-7); 55,2 (C-9); 55,9 (OCH3); 71,3
(C-8); 111,8 (C-3); 114,6 (C-6); 120,9 (C-5); 122,0 (C-10); 125,6 (C-27/C-6); 127,3 (C-
17); 128,4 (C-4); 129,5 (C-3/C-5'); 138,1 (C-4°); 144,6 (C-1); 146,6 (C-2); 147,3 (C-

11). O espectro € apresentado na Figura 9A (pagina 130) no anexo.

Sintese do ()-4-(3-(4-butil-1H-1,2,3-triazol-1-il)-2-hidroxipropil)-2-metoxifenol (3e)

OH
1
OCH
6 3

Este composto foi obtido como um éleo incolor (0,098 g; 0,321 mmol) com
82% de rendimento empregando-se hex-1-ino (0,032 g; 0,39 mmol), (x)-4-(3-azido-2-
hidroxipropil)-2-metoxifenol (2) (0,087 g; 0,39 mmol), ascorbato de sédio (0,0310
9;0,156 mmol) e CuS0O4-5H20 (0,0200 g; 0,0780 mmol).
Caracteristica: 6leo incolor.
CCD: Rf = 0,17 (hexano-acetato de etila 1:1 v v'1).

IV (ATR) v, /cm™: 3399, 3140, 2954, 2930, 2859, 1704, 1600, 1553, 1514,

1453,1430, 1365, 1270, 1217, 1153, 1123, 1033, 933, 860, 801, 741, 633, 565, 458.

O espectro é apresentado na Figura 10A (pagina 131) no anexo.
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RMN de 'H (400 MHz, CDCIs) &: 0,94 (t, 3H, J= 7,2 Hz, H-4"); 1,39 (sext, 2H, J=7,4
Hz, H-3"); 1,66 (quint, 2H, J= 7,6 Hz, H-2"); 2,69-2,74 (m, 2H, H-7a/H-17); 2,80 (dd,1H,
J=13,8 Hz e J=4,6 Hz, H-7b); 3,89 (s, 3H, OCHs); 4,22-4,30 (m, 2H, H9a/H-8); 4,47
(dd, 1H, J= 16,8 Hz e J = 6,0 Hz, H-9b); 6,71 (dd, 1H, J=8,0 Hz e J = 1,6 Hz, H-5);
6,76 (d, 1H, J = 1,6 Hz, H-3); 6,87 (d, 1H, J = 8,0 Hz, H-6); 7,43 (s, 1H,H-10). O es-
pectro é apresentado na Figura 11A (pagina 132) no anexo.

RMN de '3C (100 MHz, CDCls) &: 13,7 (C-4°); 22,2 (C-3°); 25,1 (C-17); 31,4 (C-27);40,5
(C-7); 55,0 (C-9); 55,9 (OCHs); 71,3 (C-8); 111,8 (C-3); 114,4 (C-6); 121,8 (C-5);122,3
(C-10); 128,3 (C-4); 144,6 (C-1); 146,6 (C-2); 148,0 (C-11). O espectro € apresentado

na Figura 12A (pagina 133) no anexo.

Sintese do (%)-4-(2-hidroxi-3-(4-(1-hidroxicicloexil)-1H-1,2,3-triazol-1-il)propil)-2-meto-

xifenol (3f)

Este composto foi obtido como um sélido branco (0,0920 g; 0,265 mmol) com
77% de rendimento empregando-se 1-etinil-1-cicloexan-1-ol (0,0430 g; 0,350 mmol),
(¥)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,0780 g; 0,350 mmol), ascorbato de
sédio (0,0280 g; 0,140 mmol) e CuSO4:5H20 (0,0180 g; 0,0700 mmol).
Caracteristica: solido branco.

CCD: Rf = 0,22 (hexano-acetato de etila 1:1 v v').
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Faixa de fusao: 133,2-133,9 °C.

IV (ATR) v, /ecm™: 3273, 3158, 3024, 2933, 2852, 1713, 1596, 1527, 1449, 1362,

1283, 1253, 1218, 1153, 1127, 1047, 1034, 963, 914, 846, 811, 798, 756, 689, 623,
555, 509, 478, 455. O espectro é apresentado na Figura 13A (pagina 134) no anexo.
RMN de 'H (600 MHz, CD3OD) &: 1,31-1,86 (m, 10H, H-2'/H-3'/H-4‘/H-5'/ H-6"); 2,69
(dd, 2H, J= 14,1 Hz e J = 6,3 Hz, H-7a, H-7b); 3,86 (s, 3H, OCHs); 4,15-4,20 (m, 1H,
H-8); 4,29 (dd, 1H, J= 13,8 Hz e J= 7,8 Hz, H-9a); 4,45 (dd, 1H, J=13,8 Hze J= 3,3
Hz, H-9b); 6,71 (dd, 1H, J=7,8 Hz e J= 1,5 Hz, H-5); 6,75 (d, 1H, J = 7,8 Hz, H-6);
6,86 (d, 1H, J= 1,5 Hz, H-3); 7,84 (s, 1H, H-10). O espectro é apresentado na Figura
14A (pagina 135) no anexo.

RMN de '3C (150 MHz, CDsOD) &: 21,4 (C-3'/C-5"); 24,9 (C-47); 37,4 (C-2°/C-6"); 40,3
(C-7); 54,8 (C-9); 54,9 (OCHs); 68,7 (C-8); 71,1 (C-1"); 112,8 (C-3); 114,9 (C-6); 121,4
(C-5);122,1 (C-10); 128,9 (C-4); 144,8 (C-1/C-2); 147,5 (C-11). O espectro € apresen-

tado na Figura 15A (pagina 136) no anexo.

Sintese do (*)-4-(3-(4-((4-alil-2-metoxifenoxi)metil)-1 H-1,2,3-triazol-1-il)-2-

hidroxipropil)-2-metoxifenol (3g)
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1
OCH
6 3

(39)

Este composto foi obtido como um sélido branco (0,0960 g; 0,226 mmol) com
80% de rendimento empregando-se 4-alil-2-metoxi-1-(prop-2-in-1-iloxi)benzeno
(0,0570 g; 0,280 mmol), (x)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,0620 g;
0,280 mmol), ascorbato de sdédio (0,0220 g; 0,112 mmol) e CuSO4-5H20 (0,0140 g;
0,0560 mmol).
Caracteristica: sélido branco.
CCD: Rf = 0,13 (hexano-acetato de etila 1:1 v v').
Faixa de fusao: 54,8-55,6 °C.

IV (ATR) v, /ecm™: 3351, 3138, 2933, 2912, 2840, 1638, 1592, 1511, 1463, 1427,

1364, 1258, 1221, 1136, 1057, 1028, 1007, 905, 851, 800, 740, 645, 566, 480, 455. O
espectro é apresentado na Figura 16A (pagina 137) no anexo.

RMN de 'H (400 MHz, CDCls) &: 2,69 (dd, 1H, J= 14,0 Hz e J = 7,6 Hz, H-7a); 2,78
(dd, 1H, J= 14,0 Hz e J = 5,2 Hz, H-7b); 3,33 (d, 2H, J = 6,8 Hz, H-7"); 3,85 (s, 3H,
OCHs); 3,88 (s, 3H, OCHgs); 4,21-4,26 (m, 1H, H-8); 4,30 (dd, 1H, J= 12,8 Hze J=
5,2 Hz, H-9a); 4,49 (dd, 1H, J= 12,8 Hz e J = 1,6 Hz, H-9b); 5,05-5,12 (m, 2H, H-9");

5,25 (s, 2H, H-12); 5,95 (ddtap, 1H, J = 16,8 Hz, J = 10,0 Hz e J = 6,8 Hz, H-8");
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6,68-6,74 (m, 4H, H-3/H-3'/H-5/H-5"); 6,86 (d, 1H, J = 8,0 Hz, H-6); 6,96 (d, 1H, J =
8,0 Hz, H-2"); 7,76 (s, 1H, H-10). O espectro é apresentado na Figura 17A (pagina
138) no anexo.

RMN de 3C (100 MHz, CDCls) &: 39,8 (C-77); 40,4 (C-7); 55,0 (C-9); 55,8 (OCH3");
55,9 (OCHzs); 63,2 (C-12); 71,4 (C-8); 111,8 (C-57); 112,4 (C-3); 114,5 (C-6); 114,6 (C-
9; 115,6 (C-27); 120,5 (C-37); 122,0 (C-5); 124,5 (C-10); 128,1 (C-4); 133,9 (C-4');
137,5 (C-8"); 144,2 (C-11); 144,6 (C-1); 145,9 (C-2); 146,7 (C-17); 149,5 (C-6"). O

espectro € apresentado na Figura 18A (pagina 139) no anexo.

Sintese do (*)-4-((1-(2-hidroxi-3-(4-hidroxi-3-metoxifenil)propil)-1H-1,2,3-triazol-4-

il)metoxi)-3-metoxibenzaldeido (3h)

(3h)

Este composto foi obtido como um sélido branco (0,0860 g; 0,208 mmol) com
72% de rendimento empregando-se 3-metoxi-4-(prop-2-in-1-iloxi)benzaldeido (0,0550
g; 0,290 mmol), (+)-4-(3-azido- 2-hidroxipropil)-2-metoxifenol (2) (0,0650 g; 0,290
mmol), ascorbato de sédio (0,0230 g; 0,116 mmol) e CuSO4-5H20 (0,0150 g; 0,0580
mmol).

Caracteristica: soélido branco.
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CCD: Rf = 0,30 (hexano-acetato de etila 1:1 v v'').
Faixa de fusao: 144,4-145,6 °C.

IV (ATR) v, /em™: 3292, 2933, 2840, 2009, 1674, 1582, 1506, 1464, 1424, 1396,

1266, 1234, 1156, 1133, 1093, 1027, 1001, 929, 866, 853, 814, 781, 729, 642, 563,
530, 455. O espectro é apresentado na Figura 19A (pagina 140) no anexo.

RMN de 'H (200 MHz, CDsOD) &: 1,26 (dd, 2H, J= 11,3 Hz e J= 6,3 Hz, H-7a, H-7b);
3,13 (s, 3H, OCHs’); 3,19 (s, 3H, OCHs); 3,69-3,78 (m, 1H, H-8); 3,95 (dd, 1H, J =
11,8 Hz e J=6,4 Hz, H-9a); 4,24 (dd, 1H, J= 11,7 Hz e J= 2,9 Hz, H-9b); 5,44 (s, 2H,
H-12); 8,00 (dd, 1H, J=6,8 Hz e J = 1,2 Hz, H-5); 8,08 (s, 1H, H-10); 8,09 (d, 1H, J=
6,8 Hz, H-6); 8,26 (d, 1H, J = 1,2 Hz, H-3); 8,45 (dd, 1H, J=7,0 Hz e J= 1,2 Hz, H-
37); 8,58 (d, 1H, J= 1,2 Hz, H-57); 8,62 (d, 1H, J= 7,0 Hz, H-2"); 10,2 (s, 1H, CHO). O
espectro é apresentado na Figura 20A (pagina 141) no anexo.

RMN de 3C (50 MHz, CDs0D) &: 44,2 (C-7); 58,9 (OCHs"); 58,9 (OCHa); 66,2 (C-9);
74,9 (C-12); 106,8 (C-8); 114,3 (C-5"); 116,7 (C-3); 118,1 (C-27); 118,7 (C-6); 122,9
(C-5); 125,5 (C-10); 129,1 (C-37); 132,8 (C-4); 136,1 (C-4"); 147,2 (C-11); 148,8 (C-1);
151,4 (C-2); 151,7 (C-67); 153,5 (C-1")*. O espectro é apresentado na Figura 21A (pa-
gina 142) no anexo.

*O sinal para o grupo carbonila néo foi observado no espectro de RMN de 3C. Porém,
a presenca deste grupo funcional pode ser confirmada pela banda intensa em 1674
cm' observada no espectro no infravermelho, bem como pelo simpleto observado em
8+10,2 no espectro de RMN de 'H.

Sintese do (£)-4-(3-(4-(4-fluorofenil)-1H-1,2,3-triazol-1-il)-2-hidroxipropil)-2-

metoxifenol (3i)
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(3i)

Este composto foi obtido como um sélido branco (0,168 g; 0,510 mmol) com
51% de rendimento empregando-se 1-etinil-4-fluorobenzeno (0,120 g; 1,00 mmol), (1)-
4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,223 g; 1,00 mmol), ascorbato de sddio
(0,079 g; 0,400 mmol) e CuSO4-5H20 (0,050 g; 0,200 mmol).
Caracteristica: solido branco.
CCD: Rf = 0,33 (hexano-acetato de etila 1:1 v v').
Faixa de fusao: 144,0-147,3 °C.
RMN de 'H (300 MHz, DMSO-ds) &: 2,63 (d, 2H, J = 6,0 Hz, H-7); 3,74 (s, 3H, OCHs3);
4,07 (sl, 1H, H-9a); 4,19-4,27 (m, 1H, H-8); 4,37—4,43 (m, 1H, H-9b); 5,20 (d, 1H, J=
5,4 Hz, OH’); 6,63-6,71 (m, 2H, H-5/H-6); 6,83 (s, 1H, H-3); 7,26 (t, 2H, J = 8,9 Hz,
H-3'/H-5’); 7,85-7,91 (m, 2H, H-2’/H-6’); 8,47 (s, 1H, H-10); 8,72 (s, 1H, OH). O es-
pectro é apresentado na Figura 22A (paginai143) no anexo.
RMN de '3C (75 MHz, DMSO-ds) &: 40,9 (C-7); 55,5 (C-9); 55,9 (OCHs); 70,9 (C-8);
114,0 (C-3); 115,7 (C-6); 116,0 (d, Jo.r =21,8 Hz,C-3'/C-5%); 122,1 (C-5); 123,0 (C-10);
127.,5 (d, Jc-F = 8,3 Hz, C-27/C-6"), 127,9 (d, Jcr= 3,8 Hz, C-17); 129,3 (C-4); 145,3
(C-1); 145,5 (C-2), 147,4 (C-11), 162,1 (C-4’, d, Jc.r =243 Hz). O espectro é apresen-

tado na Figura 23A (pagina 144) no anexo.
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Sintese do (£)-4-(3-(4-(3-fluorofenil)-1H-1,2,3-triazol-1-il)-2-hidroxipropil)-2-

metoxifenol (3j)

(3i)

Este composto foi obtido como um sélido branco (0,182 g; 0,555 mmol) com
56% de rendimento empregando-se 1-etinil-3-fluorobenzeno (0,120 g; 1,00 mmol), (1)-
4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,223 g; 1,00 mmol), ascorbato de sddio
(0,079 g; 0,399 mmol) e CuSO4-5H20 (0,050 g; 0,200 mmol).
Caracteristica: solido branco.
CCD: Rf = 0,28 (hexano-acetato de etila 1:1 v v'').
Faixa de fusao: 156,9-159,6 °C.
RMN de 'H (300 MHz, DMSO-ds) &: 2,62-2,69 (m, 2H, H-7), 3,75 (s, 3H, OCHs); 4.08
(sl, 1H, H-9a); 4,20-4,28 (m, 1H, H-8); 4,42 (dd, 1H, J=10,0 Hz e J = 2,2 Hz, H-9b),
5,21 (d, J=4,2Hz, 1H, OH’); 6,64-6,72 (m, 2H, H-5/H-6); 6,84 (s, 1H, H-3); 7,13-7,18
(m, 1H, H-4’); 7,45-7,52 (m, 1H, H-5’); 7,64-7,73 (m, 2H, H-2’/H-6’); 8,56 (s, 1H, OH);
8,74 (s, 1H, H-10). O espectro é apresentado na Figura 24A (pagina 145) no anexo.
RMN de '3C (75 MHz, DMSO-ds) &: 40,4 (C-7); 55,1 (C-9); 55,5 (OCHs); 68,8 (C-8);
111,6 (d, J = 17,3 Hz, C-2"); 113,6 (C-3); 114,4 (d, J = 15,8 Hz, C-4"); 115,3 (C-6);

121,1 (C-6"); 121,6 (C-5); 123,0 (C-10); 128,9 (C-4); 131,0 (d, J = 6,0 Hz); 133,3 (d,
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J=6,8 Hz, C-5'); 144,9 (C-1, C-2); 147,7 (C-11), 161,7 (d, J= 147 Hz, C-3"). O espectro

é apresentado na Figura 25A (pagina 146) no anexo.

Sintese do (£)-4-(3-(4-(2-fluorofenil)-1H-1,2,3-triazol-1-il)-2-hidroxypropil)2-

metoxifenol (3k)

(3k)

Este composto foi obtido como um sélido branco (0,167 g; 0,508 mmol) com
51% de rendimento empregando-se 1-etinil-2-fluorobenzeno (0,120 g; 1,00 mmol), (+)-
4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,223 g; 1,00 mmol), ascorbato de sddio
(0,079 g; 0,399 mmol) e CuSO4-5H20 (0,050 g; 0,200 mmol).
Caracteristica: solido branco.
CCD: Rf = 0,30 (hexano-acetato de etila 1:1 v v').
Faixa de fusao: 141,3-142,2 °C.
RMN de 'H (300 MHz, DMSO-ds) &: 2,63 (s, 2H, H-7), 3,74 (s, 3H, OCHs); 4,09 (s, 1H,
H-9a); 4,30-4,33 (m, 1H, H-8); 4,43-4,67 (m, 1H, H-9b), 5,19 (s, 1H, OH’); 6,65-6,68
(m, 2H, H-5/H-6); 6,83 (s, 1H, H-3); 7,32-7,38 (m, 3H, H-3'/H-4'/H-5"); 8,13 (s, 1H, H-
6’); 8,33 (s, 1H, H-10); 8,73 (s, 1H, OH). O espectro é apresentado na Figura 26A

(pagina 147) no anexo.
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RMN de 13C (75 MHz, DMSO-ds) &: 40,9 (C-7); 53,9 (C-9); 55,9 (OCHs); 69,1 (C-8);
114,0 (C-3); 116,5 (d, Jo.r = 16,5 Hz, C-17); 119,0 (d, Jor = 9,8 Hz, C-4°); 122,0 (C-5);
125,1 (d, Jor = 8,3 Hz, C-3'); 125,4 (C-5'); 127,7 (C-10), 129,3 (C-4), 129,9 (d, Jo.r =
6,0 Hz, C-6'); 139,8 (C-11), 145,3 (C-2), 147,8 (C-1), 158,9 (d, Jc.r = 184,5 Hz, C-2").

O espectro é apresentado na Figura 27A (pagina 148) no anexo.

Sintese do (%)-4-(3-(4-(3,5-difluorofenil)-1H-1,2,3-triazol-1-il)-2-hidroxipropil ) 2-

metoxifenol (3I)

@31

Este composto foi obtido como um sélido branco (0,100 g; 0,290 mmol) com
30% de rendimento empregando-se 1-etinil-3,5-difluorobenzeno (0,138 g; 1 mmol),
(x)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,223 g; 1 mmol), ascorbato de sédio
(0,079 g; 0,399 mmol) e CuSO4-5H20 (0,050 g; 0,200 mmol).
Caracteristica: sélido branco.
CCD: Rf = 0,51 (hexano-acetato de etila 1:1 v v'").
Faixa de fusao: 186,4-188,8 °C.
RMN de 'H (300 MHz, DMSO-ds) &: 2,63-2,65 (m, 2H, H-7), 3,75 (s, 3H, OCHa); 4,06
(sl, 1H, H-9a); 4,21-4,28 (m, 1H, H-8); 4,41 (dd, 1H, J= 10,4 Hz e J = 2,3 Hz, H-9b),

5,23 (d, J = 3,9 Hz, 1H, OH’); 6,63-6,71 (m, 2H, H-5/H-6); 6,83 (s, 1H, H-3); 7,15-7,21
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(m, 1H, H-4"); 7,58 (d, 2H, J = 5,1 Hz, H-2'/H-6); 8,65 (s, 1H, H-10); 8,74(s, 1H, OH).
O espectro é apresentado na Figura 28A (pagina 149) no anexo.

RMN de '3C (75 MHz, DMSO-ds) &: 40,8 (C-7); 55,6 (C-9); 55,9 (OCHa); 72,3 (C-8);
102,9 (C-3); 103,0-103,7 (m, H-4); 108,5 (d, J = 20,0 Hz, C-27/C-6"); 114,0 (C-3);
115,7 (C-6); 122,1 (C-10); 124,1 (C-5); 129,2 (C-4); 134,8-136 (m, C-1"), 143,9 (C-
11); 145,3 (C-2); 148,4 (C-1); 163,4 (dd, J = 183,3 Hz; J = 10,0 Hz; C-37/C-5).0 es-

pectro é apresentado na Figura 29A (pagina 150) no anexo.

Sintese  do  (%)-4-(3-(4-(8,4-difluorofenil)-1H-1,2,3-triazol-1-il)-2-hidroxipropil)-2-

metoxifenol (3m)

(3m)

Este composto foi obtido como um sélido branco (0,144 g; 0,416 mmol) com
42% de rendimento empregando-se 1-etinil-3,4-difluorobenzeno (0,138 g; 1,00 mmol),
(x)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,223 g; 1,00 mmol), ascorbato de s6-
dio (0,079 g; 0,399 mmol) e CuSO4-5H20 (0,050 g; 0,200 mmol).
Caracteristica: sélido branco.
CCD: Rf = 0,36 (hexano-acetato de etila 1:1 v v'").

Faixa de fusao: 117,3-119,4 °C.
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RMN de 'H (300 MHz, DMSO-d5) &: 2,63 (d, J= 5,1 Hz, 2H, H-7); 3,73 (s, 3H, OCHs);
4,05 (sl, 1H, H-9a); 4,18-4,28 (m, 1H, H-8); 4,36—4,43 (m, 1H, H-9b); 5,20 (d, J = 5,1
Hz, 1H, OH’); 6,62-6,71 (m, 2H, H-5/H-6); 6,82 (s, 1H, H-3); 7,45-7,54 (m, 1H, H-5’);
7,67-7,72 (m, 2H, H-2'); 7,84-7,91 (m, 1H, H-6’); 8,54 (s, 1H, H-10); 8,71 (s, 1H, OH).
O espectro é apresentado na Figura 30A (pagina 151) no anexo.

RMN de '3C (75 MHz, DMSO-ds) &: 40,8 (C-7); 55,5 (C-9); 55,9 (OCHs); 70,9 (C-8);
114,0 (C-3); 114,3 (C-6); 114,4 (d, J= 18 Hz, C-57); 115,7 (C-6); 118,6 (d, J = 18 Hz,
C-2); 122,0 (C-5); 122,2-122,4 (m, C-6"); 123,2 (C-10); 129,0-129,2 (m, C-17); 129,2
(C-4); 144,6 (C-11); 145,3 (C-2); 147,7 (C-1)". O espectro é apresentado na Figura
31A (pagina 152) no anexo.

"Para este composto, os sinais para os carbonos C-3’e C-4" ndo foram observados.

Sintese do (%) 4-(3-(4-(2,4-difluorofenil)-1H-1,2,3-triazol-1-il)-2-hidroxipropil)-2-

metoxifenol (3n)

(3n)

Este composto foi obtido como um sélido branco (0,140 g; 0,404 mmol) com
40% de rendimento empregando-se 1-etinil-2,4-difluorobenzeno (0,138 g; 1,00 mmol),
(x)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,223 g; 1,00 mmol), ascorbato de s6-

dio (0,079 g; 0,400 mmol) e CuSO4-5H20 (0,050 g; 0,200 mmol).
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Caracteristica: solido branco.

CCD: Rf = 0,54 (hexano-acetato de etila 1:1 v v').

Faixa de fusao: 110,6-111,4 °C.

RMN de 'H (300 MHz, DMSO-ds) &: 2,60-2,64 (m, 1H, H-7); 3,74 (s, 3H, OCHs);
4,04-4,11 (m, H-8); 4,25-4,33 (m, 1H, H-9a); 4,44 (dd, 1H, J= 13,8 Hz e J = 3,6 Hz,
H-9b), 5,16 (d, J = 5,7 Hz, 1H, OH’); 6,64 (dd, 1H, J=8,1 Hz e J = 1,8 Hz, H-5); 6,69
(d, J = 8,1 Hz, 1H, H-6); 6,81 (d, J = 1,8 Hz, 1H, H-3); 7,17-7,24 (m, 1H, H-3);
7,34-7,42 (m, 1H, H-6'); 8,09-8,19 (m, 1H, H-5'); 8,31 (d, 1H, J = 3,9 Hz, H-10); 8,70
(s, 1H, OH). O espectro é apresentado na Figura 32A (pagina 153) no anexo.

RMN de '3C (75 MHz, DMSO-ds) &: 40,8 (C-7); 55,4 (C-9); 55,9 (OCHs); 70,8 (C-8);
104,9 (t, J = 25,8 Hz, C-3’); 112,7 (dd, J=21,5Hz e J= 3,50 Hz, C-5"); 114,0 (C-3);
115,6 (C-6); 115,8 (dd, J=13,2Hz e J=3,50 Hz, C-1"); 122,0 (C-5); 124,7 (d, J= 10,8
Hz); 128,9 (dd, J=9,7 Hz e J= 5,3 Hz, H-6") 129,2 (C-4); 139,1 (C-11), 145,3 (C-2);
147,7 (C-1); 158,9 (dd, J=240,8 Hz e J= 12,8 Hz, C-2"); 162,1 (dd, J=240,8 Hz e J

= 12,8 Hz, C-4"). O espectro é apresentado na Figura 33A (pagina 154) no anexo.

Sintese do (x)-4-(3-(4-(2-(trifluorometil)fenil)-1H-1,2,3-triazol-1-il)-2-hidroxi-propil)-2-

metoxifenol (30)

(30)
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Este composto foi obtido como um sdlido branco (0,229 g; 0,605 mmol) com
61% de rendimento empregando-se 1-etinil-2-(trifluorometil)benzeno (0,170 g; 1,00
mmol), (x)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,223 g; 1,00 mmol), ascor-
bato de sodio (0,079 g; 0,399 mmol) e CuSO4-5H20 (0,050 g; 0,200 mmol).
Caracteristica: solido branco.
CCD: Rf = 0,59 (hexano-acetato de etila 1:1 v v').
Faixa de fusao: 92,9-94,0 °C.
RMN de 'H (300 MHz, DMSO-ds) &: 2,60 (d, J= 6,3 Hz, 2H, H-7); 3,74 (s, 3H, OCHj3);
3,98-4,16 (m, 1H, H-8); 4,30 (dd, J = 13,8 Hz e J = 7,5 Hz, 1H, H-9a); 4,44 (dd, J =
13,8 Hz e J = 3,3 Hz, 1H, H-9b); 5,18 (d, J = 5,7 Hz, 1H, OH’); 6,60-6,71 (m, 2H, H-
5/H-6); 6,80 (s, 1H, H-3); 7,57-7,64 (m, 1H, H-3"); 7,72-7,86 (m, 3H, H-4'/H-5'/H-6");
8,22 (s, 1H, H-10); 8,72 (s, 1H, OH). O espectro é apresentado na Figura 34A (pagina
155) no anexo.
RMN de '3C (75 MHz, DMSO-ds) §: 40,8 (C-7); 55,3 (C-9); 55,9 (OCHs); 70,9 (C-8);
110,7 (C-3); 115,7 (C-6); 122,0 (C-5); 122,4-133,4 (C-10, C-4, C-17, C-2’, CF3, C-3,
C-47,C-5,C-6"); 143,8 (C-11); 144,9 (C-2); 147,7 (C-1). O espectro € apresentado na

Figura 35A (pagina 156) no anexo.

Sintese do (%)-4-(3-(4-(3-(trifluorometil)fenil)-1H-1,2,3-triazol-1-il)-2-hidroxipropil)-2-

metoxifenol (3p)
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(3p)

Este composto foi obtido como um sélido branco (0,253 g; 0,667 mmol) com
67% de rendimento empregando-se 1-etinil-3-(trifluorometil)benzeno (0,170 g; 1,00
mmol), (x)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,223 g; 1,00 mmol), ascor-
bato de sodio (0,079 g; 0,299 mmol) e CuSO4-5H20 (0,050 g; 0,200 mmol).
Caracteristica: 6leo amarelo.

CCD: Rf = 0,43 (hexano-acetato de etila 1:1 v v').

Sintese do (%)-4-(3-(4-(4-(trifluorometil)fenil)-1H-1,2,3-triazol-1-il)-2-hidroxipropil)-2-

metoxifenol (3q)

(39)

Este composto foi obtido como um sélido branco (0,113 g; 0,300 mmol) com

30% de rendimento empregando-se 1-etinil-4-(trifluorometil)benzeno (0,170 g; 1,00
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mmol), (x)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,223 g; 1,00 mmol), ascor-
bato de sodio (0,079 g; 0,399 mmol) e CuSO4-5H20 (0,050 g; 0,200 mmol).
Caracteristica: 6leo amarelo.

CCD: Rf = 0,48 (hexano-acetato de etila 1:1 v v').

RMN de 'H (300 MHz, DMSO-d5) &: 2,65 (d, J = 6,0 Hz, 2H, H-7); 3,74 (s, 3H, OCHs);
4,09 (sl, 1H, H-9a); 4,22-4,34 (m, 1H, H-8); 4,40-4,46 (m, 1H, H-9b); 5,22 (d, J= 6,0
Hz, 1H, OH’); 6,63-6,72 (m, 2H, H-5/H-6); 6,83 (s, 1H, H-3); 7,79 (d, J = 8,0 Hz, 2H,
H-2'/H-6’); 8,07 (d, J = 8,0 Hz, 2H, H-3'/H-5); 8,66 (s, 1H, H-10); 8,72 (s, 1H, OH). O
espectro é apresentado na Figura 36A (pagina 157) no anexo.

RMN de '3C (75 MHz, DMSO-ds) §: 40,8 (C-7); 55,6 (C-9); 55,9 (OCHs); 70,1 (C-8);
114,0 (C-3); 115,7 (C-6); 121,68-129,5 (C-27/C-6", C-3°/C-5", C-4, C-5, C-10); 135,3
(C-1"); 145,0 (C-1); 145,3 (C-2); 147,7 (C-11)". O espectro é apresentado na Figura
37A (pagina 158) no anexo.

"Os sinais para os carbonos C-4’e CF3 n&do foram observados.

Sintese do  (%)-4-(3-(4-(3,5-bis-(trifluorometil)fenil)-1 H-1,2,3-triazol-1-il)-2-hidroxi

propil)-2-metoxifenol (3r)

OH
1
OCH
6 3
5 3
4
HO.8 ‘7
N. 9
N“ N
—10
6 1/M
>
FsC e .
P
CF; (3r)

Este composto foi obtido como um sélido branco (0,197 g; 0,441 mmol) com

44% de rendimento empregando-se 1-etinil-3,5-bis-(trifluorometil)benzeno (0,238 g;
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1,00 mmol), (z)-4-(3-azido-2-hidroxipropil)-2-metoxifenol (2) (0,223 g; 1,00 mmol), as-
corbato de sodio (0,079 g; 0,399 mmol) e CuSO4-5H20 (0,050 g; 0,200 mmol).
Caracteristica: solido branco.

CCD: Rf = 0,79 (hexano-acetato de etila 1:1 v v').

Faixa de fusao: 116,6-118,6 °C.

RMN de 'H (300 MHz, DMSO-ds) &: 2,65 (d, J= 6,3 Hz, 2H, H-7), 3,74 (s, 3H, OCHj3);
3,95-4,14 (m, 1H, H-8); 4,23-4,31 (m, 1H, H-8); 4,27 (dd, J = 13,7 Hz e J = 8,0 Hz,
1H, H-9a); 4,44 (dd, J= 13,5 Hz e J= 3,0 Hz, 1H, H-9b); 5,24 (d, J=5,7 Hz, 1H, OH);
6,63-6,71 (m, 2H, H-5/H-6); 6,82 (s, 1H, H-3); 8,02 (s, 1H, H-10); 8,51 (s, 2H, H-2'/H-
6’); 8,72 (s, 1H, H-4’); 8,92 (s, 1H, OH). O espectro é apresentado na Figura 38A
(pagina 159) no anexo.

RMN de '3C (75 MHz, DMSO-ds) &: 40,8 (C-7); 55,7 (C-9); 55,9 (OCHa); 70,9 (C-8);
114,0 (C-3); 115,7 (C-6); 121,3 (C-4"); 122,0 (C-5); 123,3 (q, J= 271,5 Hz, CF3); 124,8
(C-10); 125,7 (C-17); 129,2 (C-2°/C-6), 131,5 (g, J = 33 Hz, C-37/C-5"); 133,9 (C-4);
143,8 (C-1); 145,3 (C-2); 147,7 (C-11). O espectro é apresentado na Figura 39A (pa-

gina 160) no anexo.

4.3. AVALIACAO DA ATIVIDADE ANTILEISHMANIAL
Os ensaios foram realizados em colaboragdo da doutoranda Larissa Coelho
Pereira e pela professora Juliana Lopes Rangel Fietto, utilizando a infraestrutura do
Laboratério de Bioquimica Celular e Bioprodutos (LBB1) do Departamento de
Bioguimica e Biologia Molecular (DBB) da Universidade Federal de Vigosa (UFV).
Os compostos 3a-3r foram recebidos no laboratério ja purificados (liofilizados)
e entao, solubilizados em DMSO, que foi utilizado como controle negativo na mesma

concentragao utilizada na solubilizacao dos compostos.
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4.3.1. Avaliacao do efeito dos compostos 3a—3r frente aos macrofagos RAW
264.7

Os ensaios para avaliar a acdo dos compostos 3a-3r frente aos macrofagos
RAW 264.7 foram conduzidos em placas de 96 pocgos. Inicialmente, os macréfagos
cultivados em garrafas de 50 mL em meio RPMI completo, com 2 dias de cultivo, foram
desaderidos da garrafa com o auxilio de um espalhador de células (Kasvi, 25 cm) e
contados em camara de Neubauer (diluigdo de 25x em PBS e azul de tripan) a fim de
se determinar o numero de macréfagos por mililitro. Apdés a contagem, foram
plagueados 5x10* macréfagos por pogo, todos em um volume final de 200 uL/pogo
(macrofagos + meio RPMI completo). Em seguida, foram adicionados os controles
anfotericina B (250 ugmL™") (controle positivo) e DMSO 5% (controle negativo) e os
compostos 3a-3r. Também foi utilizado um controle para avaliar o crescimento dos
macréfagos na auséncia dos compostos, constando apenas de macrofagos e meio
RPMI completo. Seguindo-se a adicdao dos compostos e dos controles, as placas
foram incubadas em estufa de CO2a 37 °C. Apéds 47 horas, cada placa foi retirada da
estufa e em cada pogo foram adicionados 20 uL de resazurina 1 mmol L', sendo a
placa incubada novamente em estufa de COz por mais 1 hora. Decorridas 48 horas,
as placas foram lidas em leitor de microplacas (Spectramax M5) em 570 nm e 600 nm,
em intervalos de 1 hora, por 3 horas.

A porcentagem de reducdo da resazurina, em cada tempo avaliada foi
calculada segundo a equacgéao seguinte.

Reducao da resazurina = [As70 —(Asoox Ro)]

Nessa equacao, As7o significa a absorbancia da resazurina a 570 nm, Asoo

equivale a absorbéanciada resazurina a 600 nm, e Ro € um fator de correcéo (branco),

representado pela média das absorbancias do controle negativo contendo somente
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meio RPMI completo com resazurina (em quadruplicata), seguindo o protocolo
descrito por Bastos e colaboradores (2017). A porcentagem de células viaveis foi
calculada segundo a seguinte equacao:

% Células viaveis = [As70 —(Asoo X Ro)Tratado] X 100/ Média[As70 — (X Ro)]Nao tratado Asoo

4.3.2. Ensaio de infeccao de macréfagos por Leismania braziliensis M2904-GFP

Os ensaios de infeccao in vitro foram realizados em placas de 96 pogos,
seguindo o protocolo descrito por Bastos e colaboradores (2017). Inicialmente, foram
montadas placas com 1x10% macréfagos RAW 264.7. Posteriormente, foi feita a
infeccdo dos macréfagos em cultura em fase estacionaria contendo formas prociclicas
e metaciclicas de L. braziliensis M2904-GFP, na propor¢cao de 10 parasitos por
macrofago (LIMA et al., 2023). A cultura de fase estacionaria contendo as formas
promastigotas totais de L. braziliensis M2904-GFP foram transferidas para um tubo
de fundo cénico esterilizado de 50 mL e centrifugadas (HERAEUS Multifuge 1R,
Thermo Scientific) a 1.200 x g, a 4°C, durante 10 minutos. O precipitado obtido foi
suspenso em 5 mL com RPMI completo e as células foram contadas em Camara de
Neubauer (diluicdo de 50 x em formalina 4%) a fim de se determinar o nimero de
parasitos/mL. Apds a contagem, 1x10° parasitos foram adicionados a placa com os
macréfagos previamente incubada por 3—4 horas e esta placa foi incubada novamente
em estufa de CO2 por mais 24 horas. Apds esse tempo, a placa foi lavada 3 vezes
com RPMI base (sem adi¢do de L-glutamina, soro fetal e antibiético), pH 7,2, sendo
adicionados 200 uL de RPMI completo por pogo na placa e esta foi incubada por 24
horas em estufa de CO2. Apés este periodo, o meio RPMI completo metabolizado foi
substituido por um novo meio e foram adicionados a placa 4 uL dos compostos (das
solugdes estoque a 0,5 mmol L") para concentracgio final de 10 umol/L, 4 uL de DMSO

5% v v!, (controle negativo) e 2,5 uL de anfotericina B (250 ugmL-") (controle positivo),
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todos em quadruplicata. A concentragao final de DMSO no ensaio foi de 1% para as
amostras contgendo compostos solubilizados em DMSO e o controle somente com
DMSO. Dois controles para avaliar o crescimento dos macréfagos nao infectados
também foram utilizados. Em um deles foram adicionados 2,5 uL de anfotericina B
(250 ugmL") e no outro nenhuma adigao foi realizada.

Posteriormente a adigdo dos compostos e dos controles, a placa foi incubada
em estufa de COz por 48 horas. Decorrido este periodo, a placa foi retirada da estufa
e lavada 3 vezes com RPMI base (sem adi¢ao de L-glutamina, soro fetal e antibiético),
pH 7,2. Posteriormente, foram adicionados 50 uL por poco da solugéo de lise (RPMI
base + SDS 0,1%) e a placa foi deixada por 1 hora em temperatura ambiente. Apos
esse tempo, foram adicionados 150 yL de meio Grace suplementado por pogo na
placa e esta foi vedada com Parafilm e incubada em estufa B.O.D a 25 °C por 5 dias.
ApGs os 5 dias, as placas foram lidas por fluorescéncia na regido de deteccao de GFP
em leitor de microplacas (Spectramax M5) a 490 nm (excitacao) e 520 nm (emissao).
Os calculos para determinar o efeito dos compostos sobre as formas amastigotas
foram feitos segundo a seguinte equacéo.

% Células viaveis = [(Emissdao fluorescéncia)tratado] x 100/Média [(Emissao

fluorescéncia)nao tratado]

4.3.3. Determinacao da concentracao citotoxica (CCso) em macréfagos e da con-
centracao efetiva (ICs0) no ensaio de infeccao de macréfagos por Leishmania
braziliensis

Os testes para determinacao dos valores de CCso e ICso dos compostos 3e e
3h frente aos macrofagos RAW 264.7 e frente a forma amastigota intracelular de L.
braziliensis, seguiram o mesmo protocolo descrito por Bastos e colaboradores (2017).

Entretanto, as concentracdes testadas dos compostos foram: 200 ymol L', 100umol
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L', 80 ymol L', 40 yumol L', 20 ymol L', 10 ymol L', 5 yumol L' e 1 umol L.
Anfotericina B (250 ugmL'; 3,4 umol L") e DMSO nas mesmas concentragdes dos
compostos foram utilizados como controles positivo e negativo dos experimentos,
respectivamente. Os célculos para determinacdo dos valores CCso e ICso foram

determinados utilizando o software GraphPad Prisma Versao 5.03.

5. RESULTADOS E DISCUSSAO
No Esquema 4 (pagina 65) esta representada a anadlise retrossintética para a
obtencdo dos derivados do eugenol contendo nucleos 1,2,3-triazélicos (estruturas

3a-3r).
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Esquema 4 - Andlise retrossintética para a sintese dos derivados do eugenol 3a-3r.

OCH
3 OH OH
OCH
3 Abertura de anel OCHs OCH;
Reagao "click" de epoxido Epoxidagéo

o) M | Eugenol

(3a 3r) +
R—— NaN; m-CPBA

Onde R =

BG \EHET

NO, CHs OCHs;
(a) () (o) (d) (e) (9) (h)

@@é@é @éé@? A3,

Fonte: Elaborado pela prépria autora.

Com base na andlise retrossintética apresentada no Esquema 4, a obtencao
dos compostos 3a-3r foi planejada pela utilizagao da reagao “click” (TORNGJE et al.,
2002; ROSTOVTSE et al., 2002; FREITAS et al., 2011) entre a azida 2 e diferentes
alcinos terminais disponiveis comercialmente. A reagdo de abertura do anel do
epoxido 1 com azida de sédio foi escolhida para a obtencao do composto 2. A sintese
de 1 foi planejada via reagdo de epoxidagdo do eugenol com &cido m-
cloroperbenzoico (m-CPBA).

Com base na andlise retrossintética, os compostos 3a—3r foram preparados

de acordo com transformagdes e condigdes mostradas no Esquema 5 (pagina 66).
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Esquema 5 - Rota sintética para a preparacao dos derivados diidroxilados (3a—3r) do

eugenol contendo fragmentos 1,2,3-triazdlicos.

OH OH
OCHs, OCHj
m-CPBA
CHCI; , ta.
o
Eugenol ()
NaNj3, NH,CI
CH30H/H,0, 4:1 v v
OH
OCH,4
OH
=R OCHg
HO
ascorbato de sédio,
N\N CUSO4' 5H20,
z H
N CH,Cl, o
R (3a-3r) N3

NO, CH; OCH,
(a) (b) (¢) (d)

F F F F CFs FsC CFs
® ® U] (m) (n) (0) (p) (a) Q)

(k)

L RtATARTA

(9) (h)

Fonte: Elaborada pela prépria autora.

Considerando a rota sintética apresentado no Esquema 5, a etapa inicial da
sintese consistiu na preparacdao do composto 1 por meio da reacao do eugenol com o
peracido acido m-cloroperbenzdico (m-CPBA). Uma metodologia bastante utilizada na

preparagédo de epdxidos consiste na reagdo de alcenos e peracidos, como o &cido
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meta-cloroperbenzéico (m-CPBA) (CLAYDEN et al., 2001). O eugenol contém um
fragmento de alceno (porcao alilica do composto) que sofreu epoxidagdo com o m-
CPBA. O mecanismo proposto para a formagao do epoxido esta representado no

Esquema 6.

Esquema 6 — Mecanismo para a formagao do epoxido 1 a partir da reagéo do eugenol

com m-CPBA.

//\H‘\O
ory Cl g
\_/4 O ’O\O

HO HO H,
0 Cl
Eugenol m-CPBA

HsCO

(0]
H3CO + HO)J\©/C|
S
HO .
A1) acido m’-.cloro
benzéico

Fonte: Elaborado pela prépria autora.

A reacao de epoxidagéo do eugenol com m-CPBA foi submetida a um processo

de otimizac&o das condi¢bes de reacéo (Tabela 4, pagina 68).
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Tabela 4 — Otimizacao das condi¢des da reacao entre eugenol e m-CPBA.

Massa de
Massa de m- Volme de
Eugenol . Massa de
CPBA CHCIs CH2Cl2 solucao de Tempo Porcentagem
Experimento (g)/ ] NaHCO3 T/°C .
) (g)?/quantidade (mL) (mL) Na2S0s3 (horas) de conversao
quantidade de . (9)
o de matéria (mol) (20% mv)
matéria (mol)
1 1,00/6,10 1,30/5,80 - 60,0 20,0 0,531 t. a. 24 80
2 1,00/6,10 4,10/18,3 30,0 - 20,0 - 50 8 Nd
3 1,00/6,10 2,60/11,6 30,0 - 20,0 - 50 8 Nd
4 1,00/6,10 2,60/11,6 30,0 - - - 50 7 84
5 1,00/6,10 2,60/11,6 30,0 - - - t. a. 7 99
6 1,00/6,10 2,60/11,6° 30,0 - - - t. a. 8 98
7 1,00/6,10 2,60/11,6° 30,0 - - - 0 6 99

a0 reagente utilizado na reacao apresentava 77% de pureza (Sigma Aldrich, St. Louis, MO, USA).

bAdicao fracionada de 10 mL de solugido de m-CPBA a cada 2 horas.

Nd = Nao determinado.

t.a. = Temperatura ambiente.
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Em todos os experimentos, 1,00 grama de eugenol (6,10 mmol) foi utilizado
como material de partida. O m-CPBA utilizado apresentava 77% de grau de pureza.
Tipicamente, as reag¢des de epoxidagédo de alcenos com m-CPBA s&o conduzidas em
solventes halogenados como CH2Cl2 e CHCI3(CLAYDEN et al., 2001). Quando a
reacao foi realizada em CH2Cl2 (Experimento 1) e propor¢cdo de equivalentes de
eugenol e m-CPBA aproximadamente igual a 1:1, o tempo de reacao foide 24 he a
taxa de conversao do eugenol no epdxido 1 de 80%. Resultado similar foi obtido por
Li e colaboradores (LI et al., 2020). Bicarbonato de sddio foi utilizado para prevengao
de abertura de anel de epdxido pelo sub-produto acido 3-clorobenzdico formado na
reacao. Neste experimento, similarmente ao que foi descrito por Li e colaboradores
(2020), foi também utilizada solugcédo aquosa de sulfito de sédio (Na2SQOs) durante a
elaboracao da reacdo. Este reagente provoca a conversdo do excesso de m-CPBA
em acido m-clorobenzoico e consequente formacao de sulfato de sédio.

Nos Experimentos 2 e 3, variou-se o solvente utilizado (CHCIl3s) e os
experimentos foram realizados a 50 °C, sendo a proporcao entre m-CPBA e eugenol
iguais 2:1 e 3:1, respectivamente. No processo de elaboragao das reacdes utilizou-se
Na2SOs3. Nestes experimentos nao foi possivel a determinacdo da conversdo de
eugenol no epdxido 1 pois o produto obtido ndo apresentou pureza satisfatéria.

Realizando a reagao a 50 °C, com proporcao de equivalentes eugenol/m-CPBA
(~1:2) e sem a utilizagdo de Na2SOs durante a etapa de elaboracéo, a conversao do
eugenol em 1 alcangou 84% (Experimento 4). Realizando a epoxidacéo do eugenol a
0 °C e mantendo todas as outras condicdes descritas para o Experimento 4, a
conversao alcancou 99% (Experimento 5).

Nos Experimentos 6 e 7, a temperatura foi variada e foram realizadas adicdes

de 10 mL de solugdo de m-CPBA dissolvido em CHCIs a cada duas horas de reagéo.
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Embora existiram variagdes com relagdo ao tempo de reagéo, as porcentagens de
conversao foram praticamente idénticas. Assim, optou-se por conduzir a reagao de
epoxidagao do eugenol utilizando as condi¢gdes do Experimento 5.

Apos purificagdo em coluna cromatografica de silica gel, a estrutura de 1 foi
confirmada por espectroscopia no IV e de RMN de 'H e 13C.

A inspecéao do espectro no IV do composto 1 (Figura 10, pagina 72) confirma
a presenca do anel de epdxido uma vez que sao observadas as bandas em 3057 cm-
1, atribuida ao estiramento da ligagdo C-H, e em 1235 cm', atribuida ao estiramento
da ligagdo C-O-C. A banda larga em 3399 cm™' foi atribuida ao estiramento da ligacéo
O-H caracteristica de fenol. As bandas observadas em 2933 e 2842 cm' foram
atribuidas ao estiramento da ligagdo Csy°-H. As bandas em 1603, 1513 e 1462 cm’
foram atribuidas aos estiramentos da ligagdo C=C de anel aromatico. Ja a banda em
2998 cm' foi relacionada ao estiramento da ligagdo Cs,?- H. Por fim, as bandas em
1269 e 1030 cm™' referentes aos estiramentos da ligacdo C-O de éter aromatico
(BARBOSA, 2008).

No espectro de RMN de 'H do composto 1 (Figura 11, pagina 73), é possivel
observar que os sinais dos hidrogénios H-9 e H-8 tornaram-se mais blindados devido
a formacao do anel ep6xido, com alteracdo dos deslocamentos comparados aos
hidrogénios vinilicos H-8 e H-9 do espectro de de RMN de 'H do eugenol (Figura 12,
pagina 74), confirmando a formacao do composto 1. O duplodupleto observado em o1
2,56, integrado para um &atomo de hidrogénio e com valores de constantes de
acoplamento iguais a J = 5,0 Hz e J = 2,6 Hz foi atribuido ao atomo de hidrogénio H-
9a. Os valores de deslocamento quimico e de constantes de acoplamento estdo de
acordo com os dados tipicos descritos na literatura para compostos contendo anéis

de trés membros (PAVIA et al., 2015). O sinal do hidrogénio H-9b foi observado
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sobreposto ao sinal dos atomos H-7a, H-7b, dando origem ao multipleto observado
em 642,80-2,83. O multipleto observado em 64 3,12-3,17 foi atribuido ao hidrogénio
H-8. O simpleto observado em 6+ 3,90 e integrado para trés atomos de hidrogénio foi
atribuido aos atomos de hidrogénio do grupo metoxila (OCHs). Na regido de
deslocamento quimico caracteristica de hidrogénios aromaticos foi observada a
presenca do duplodupleto em &4 6,75 atribuido ao hidrogénio H-5, o qual apresentou
constante de acoplamento J = 8,0 Hz e J =1,8 Hz. Observou-se também nesta regiao
a presenca do dupleto em 64 6,78 atribuido ao hidrogénio H-3 e o dupleto em 6+ 6,87
com constante de acoplamento J = 8,0 Hz, atribuido ao hidrogénio H-6. Os valores
idénticos de constantes de acoplamento (J =8,0 Hz), encontrados para H-5 e H-6 sao
tipicos para acoplamentos de hidrogénios em posicao orto e estdo em total acordo

com a literatura (PAVIA et al., 2015).

No espectro de RMN de 3C do composto 1 (Figura 13, pagina 75) é possivel
observar que o niumero de sinais presentes no espectro é condizente com o nimero
de carbonos distintos na estrutura deste composto. Comparando o espectro do
composto 1 com o espectro RMN de '°C do eugenol (Figura 14, pagina 76), [C-9 (o¢c
115,0) e C-8 (6¢c 137,8)], é possivel observar que os sinais correspondentes dos
carbonos C-9 (6¢ 46,7) e C-8 (6¢ 52,7) tornaram-se mais blindados devido a formacao
do anel epdxido, confirmando a formacao do composto 1. O sinal observado em &¢
38,3 foi atribuido ao carbono metilénico (C-7). O sinal observado em &¢ 55,9 foi
atribuido ao carbono do grupo metoxila (OCHs). Os demais sinais correspondem aos

carbonos do anel aromatico.
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Figura 10 - Espectro no infravermelho (ATR) do composto 1.
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Figura 11 — Espectro de RMN de 'H (400 MHz, CDCls) do composto 1.
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Figura 12 — Espectro de RMN de 'H (300 MHz, CDCIs) do eugenol.
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Figura 13 — Espectro de RMN de *C(100 MHz, CDCl3) do composto 1.
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Figura 14 — Espectro de RMN de '3C (75 MHz, CDClIs) do eugenol.
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Tendo assegurada a obtencao do epoxido 1, procedeu-se a sintese da azida
2, por meio da abertura do anel do epoxido de 1. Para isso, a reagéo foi realizada na
presenca de cloreto de amdnio e azida de sdédio em uma mistura de metanol e agua
a 60 °C. O composto 2 foi obtido com 86% de rendimento apds purificagdo em coluna
cromatografica de silica gel. O mecanismo proposto para essa reacao esta
representado no Esquema 7, onde o cloreto de aménio coordena-se ao oxigénio do
anel de epéxido de 1, facilitando o ataque do nucledfilo no carbono menos substituido

(FRINGUELLI et al., 1999; AMANTINI et al., 2002).

Esquema 7 — Preparacao da azida 2 a partir da abertura de anel de epdxido de 1 por

azida de sddio.

® ©
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H,CO H,CO
3 5. NH.CI 3 0'—) HyCO N
s et :
). ¥ —~ ! OH
HO HO AN NH HO ..
Ho :
1 ON (2)
H 1 H
H

Fonte: Elaborada pela prépria autora.

Analisando o espectro no infravermelho dos compostos 1 (Figura 10, pagina
72) e 2 (Figura 15, pagina 79), a banda intensa em 2097 cm foi atribuida ao
estiramento do grupo Nz indicando a formacéo da azida.

No espectro de RMN de 'H do composto 2 (Figura 16, pagina 80), os
duplosdupletos observados em 6+ 2,70 e 642,75 foram atribuidos aos atomos de
hidrogénio metilénicos diastereotépicos H-7a e H-7b, com constantes de
acoplamentos iguaisa J = 13,8 Hz, J= 7,8 Hz (H-7a) e J= 13,8 Hz, J=5,8 Hz (H-
7b). Os duplosdupletos observados em 643,28 (J= 12,6 Hz e J = 6,6 Hz, H-9a) e 6~
3,37 (J=12,6 Hz e J = 3,8 Hz, H-9b) foram atribuidos aos hidrogénios metilénicos

diastereotopicos H-9a e H-9b, respectivamente. Os sinais para H-9a e H-9b estao
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mais desblindados em relagdo aos hidrogénios H-7a e H-7b devido ao efeito retirador
de elétrons, por efeito indutivo, dos atomos de nitrogénio do grupo azida. O sinal do
hidrogénio H-8 foi observado como multipleto em 64 3,92-3,99, estando mais
desblindado em relagdo aos duplos dupletos uma vez que se encontra ligado
diretamente a hidroxila. Os outros sinais foram atribuidos com base nos sinais
observados no espectro de RMN de 'H do composto 1 com aqueles observados no
espectro do composto 2 (PAVIA et al., 2015).

No espectro de RMN de '3C (Figura 17, pagina 81) observa-se que o nimero
de sinais presentes no espectro esta de acordo com a estrutura do composto 2. O
sinal observado em 6¢55,90 foi atribuido ao grupo metoxila (-OCHs), enquanto que o
sinal em 6¢ 55,94 relaciona-se ao carbono C-9 ligado ao grupo funcional azida. Ja o
sinal em 6¢ 71,7 foi relacionado ao carbono C-8 ligado a hidroxila. O sinal observado
em 6¢40,4 foi atribuido ao carbono C-7. Os demais sinais correspondem aos carbonos

do anel aromatico.



Figura 15 - Espectro no infravermelho (ATR) do composto 2.
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Figura 16 - Espectro de RMN de 'H (400 MHz, CDCls) do composto 2.
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Figura 17 - Espectro de RMN de *C (100 MHz, CDCIs3) do composto 2.
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Ap6s a obtencdo e caracterizagdo da azida organica 2, procedeu-se a
preparagdo dos derivados diidroxilados do eugenol contendo fragmentos 1,2,3-
triazélicos. Os compostos 3a-3r foram preparados por meio de reacbes CuAAC entre
a azida organica 2 e diferentes alquinos disponiveis comercialmente (Esquema 5,
pagina 67), e obtidos com rendimentos variando entre 30% e 89%.

Para exemplificar, sera realizada a discussao da caracterizacao estrutural de
somente um dos compostos 3a-3r, os demais espectros estdo apresentados no
Anexo deste trabalho.

Analisando o espectro no |V do composto 3c (Figura 18, pagina 84), é possivel
observar uma banda larga em 3463 cm™' caracteristica do estiramento do grupo
hidroxila. As bandas compreendidas entre 2842-3230 cm™ sio tipicas de
estiramentos de ligagdes do tipo Css?-H e Cs°-H. A banda observada em 1613 cm!
corresponde ao estiramento da ligacao C=N do anel triazélico. As bandas em 1560,
1515, 1498 e 1439 cm™' correspondem a estiramentos das ligagdes duplas carbono-
carbono. A banda em 1240 cm™' corresponde ao estiramento assimétrico da ligacao
=C-O-C.

No espectro de RMN de 'H do composto 3¢ (Figura 19, pagina 85), o dupleto
observado em 6+ 2,73 (J = 6,6 Hz) e integrado para dois atomos de hidrogénio foi
atribuido aos hidrogénios H-7. Os simpletos observados em 6+ 3,81 e em 6n 3,84
foram relacionados aos atomos de hidrogénio dos grupos metoxila OCHs’ e OCHs,
respectivamente. O multipleto observado em 6+ 4,18-4,23 e integrado para um atomo
de hidrogénio foi atribuido ao hidrogénio H-8. Os duplodupletos observados em &
431 (J=13,8 Hze J=7,8 Hz) em 61+ 4,48 (J= 14,1 Hz e J = 3,3 Hz) integrado para
um atomo de hidrogénio cada, foram atribuidos aos hidrogénios H-9a e H-9b,

respectivamente. O sinal observado em 646,71 (J=7,9 Hz e J= 1,6 Hz) como um
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duplo dupleto integrado para um atomo de hidrogénio, foi atribuido ao hidrogénio
aromatico H-5. Os sinais observados em 646,74 (J= 7,9 Hz) e 616,86 (J = 1,6 Hz)
como dupletos integrados para um atomo de hidrogénio cada, foram atribuidos aos
hidrogénios aromaticos H-6 H-3, respectivamente. O dupleto observado em 646,97 (J
= 8,7 Hz), integrado para dois atomos de hidrogénio foi atribuido aos atomos de
hidrogénio aromaticos H-3' e H-5’. O dupleto observado em 64 7,70 (J = 8,7 Hz),
integrado para dois atomos de hidrogénio foi atribuido aos atomos de hidrogénio H-2’
e H-6’. O simpleto observado em &4 8,14 e integrado para um atomo de hidrogénio foi
atribuido ao hidrogénio aromatico H-10 presente no anel triazdlico.

No espectro de RMN de 3C do composto 3¢ (Figura 20, pagina 86), foi
possivel observar que a quantidade de sinais presentes no espectro esta condizente
com o numero de carbonos distintos da substancia. Os sinais observados em 6¢ 44,3;
0c 58,3 e &¢ 75,0 foram atribuidos aos carbonos C-7, C-9 e C-8, respectivamente. Os
sinais observados em d&¢ 58,9 e 6¢ 59,0 relacionam-se aos carbonos dos grupos
metoxila OCHs’ e OCHs. Os carbonos aromaticos do anel benzilico foram atribuidos
como: 6¢116,7 (C-3); 6¢118,7 (C-6); 6¢125,1 (C-5); 6¢132,9 (C-4); 6c148,5 (C-1); ¢
150,9 (C-2). Os carbonos do anel fenilico foram atribuidos como: 6¢ 117,9 (C-3'/C-5’);
Oc 125,5 (C-1’); 6¢ 130,7 (C-2'/C-6’); 6¢c 163,8 (C-4’). Os sinais observados em &¢
126,8 e 0c 151,5 foram atribuidos aos carbonos do anel triazélico C-10 e C-11,

respectivamente.
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Figura 18 - Espectro no infravermelho (ATR) do composto 3c.
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Figura 19 - Espectro de RMN de 'H (600 MHz, CD30OD) do composto 3c.
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Figura 20 - Espectro de RMN de 3C (150 MHz, CD30OD) do composto 3c.
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Os alquinos envolvidos nas reagbes CUuAAC foram escolhidos de modo a
avaliar o efeito de grupos alifaticos, aromaticos e aliciclicos sobre a atividade
antileishmanial. Para os alquinos com grupos aromaticos, foram escolhidos
compostos apresentando diferentes padrdes de substituicdo no anel aromatico de
grupos doadores e retiradores de elétrons no anel. Além disso, alquinos contendo o
grupo fluoro e trifluorometila também foram escolhidos. Isto esta relacionado a
importadncia que compostos contendo fluor apresentam no campo da quimica
medicinal para o desenvolvimento de compostos bioativos. Devido ao seu pequeno
tamanho e forte propriedade de retirada de elétrons, o fluor € amplamente utilizado na
quimica medicinal para melhorar a poténcia e permeabilidade de uma molécula,
modular seu pKa e lipofilicidade, e controlar a conformacé&o molecular (PURSER et
al., 2008; GILLIS et al., 2015; HAGMANN, 2008).

Uma vez sintetizados conforme as etapas mostradas no Esquema 5 (pagina
66), os derivados do eugenol 3a—-3r foram avaliados frente a espécie L. braziliensis.
Este parasito € o agente etiolégico da leishmaniose cutdnea. Inicialmente, os
compostos tiveram sua toxicidade avaliada na concentragdo de 10 umol L' frente a
macréfagos RAW 264.7. Conforme descrito anteriormente, os macréfagos estédo
envolvidos no processo de infeccao dos mamiferos pelos parasitos pertencentes ao
género Leishmania. Na Figura 21 (pagina 88) estao apresentados os resultados da
toxicidade dos compostos frente a linhagem celular mencionada anteriormente. A
anfotericina B (AmB) foi utilizada como controle positivo e o dimetil sulféxido (DMSQO),
utilizado para dissolucdo dos compostos, foi usado como controle negativo na mesma

concentragao utilizada na diluicao dos compostos.
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Figura 21 - Efeito dos compostos 3a—3r contra macréfagos RAW 264.7 comparado a
anfotericina B. Os tratamentos das células foram realizados utilizando a concentragéao
de 10 umol L" dos compostos por 48 horas usando o método da resazurina. Os dados
sao representativos da média e do desvio padrao de pelo menos trés experimentos
independentes que foram realizados com quadruplicatas internas. A barra AmB
(controle positivo) representa células tratadas com anfotericina B [3,125 ugmL™'; 3,4
umol L)] e a barra DMSO (controle negativo) representa células tratadas com
dimetilsulféxido na mesma concentracdo utilizada na diluicdo dos compostos. Os
dados foram submetidos a ANOVA unidirecional seguida do teste de Tukey usando
GraphPad Prism versao 8.0. Os asteriscos significam a diferenca estatistica (p<0,05)

entre o tratamento e a AmB.
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O ensaio de avaliagao de citotoxicidade mostrou que os compostos 3a—-3r nao
possuem citotoxicidade relevante frente aos macréfagos e sdo menos citotdéxicos do
que o farmaco comercial anfotericina B. Cumpre ressaltar que é crucial avaliar a
atividade dos compostos bioativos contra células de macréfagos em ensaios de

avaliacao de atividade leishmanicida, pelas seguintes razdes:
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i) Fisiopatologia da leishmaniose: As leishmanioses sao causadas por parasitas do
género Leishmania, que infectam macrofagos no hospedeiro vertebrado. Portanto,
para entender efetivamente o potencial de um composto para tratar a leishmaniose,
é essencial avaliar sua atividade contra essas células hospedeiras (SACKS e
KAMHAWI, 2001);

ii) Seletividade e toxicidade: Avaliar a atividade dos compostos contra células de
macrofagos também fornece informagbes cruciais sobre a seletividade do
composto. ldealmente, um composto leishmanicida deve ser seletivamente tdxico
para as formas parasitdrias, sem causar danos significativos as células
hospedeiras. Portanto, testar contra macréfagos permite avaliar a toxicidade
potencial do composto para as células do hospedeiro (CROFT e COOMBS, 2003);
iii) Potencial para imunomodulacdo: Além de seu papel como hospedeiros para
Leishmania, os macrofagos desempenham um papel crucial no sistema
imunoldgico, incluindo a resposta inflamatoria a infeccdo. Compostos bioativos
podem ter efeitos imunomoduladores, alterando a funcao dos macréfagos. Avaliar
a atividade dos compostos contra macrofagos permite identificar qualquer efeito
imunomodulador que possa influenciar a resposta do hospedeiro a infec¢éo por
Leishmania (FREITAS et al., 2024; PEREIRA et al., 2024).

Subsequentemente, os compostos 3a—-3r derivados do eugenol, também na
concentragdo de 10 umol L', tiveram seus efeitos avaliados frente a amastigotas
intracelulares de L. braziliensis e os resultados estdo mostrados na Figura 22 (pagina
90). Os ensaios foram conduzidos empregando cepas de Leishmania expressando a
proteina verde fluorescente (green fluorescent protein - GFP) seguindo metodologia

descrita por BASTOS e colaboradores (2017).
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Figura 22 - Efeito dos compostos 3a—-3r contra amastigotas intracelulares de L.
braziliensis. As células foram tratadas com os compostos na concentracdo de 10 ymol
L' dos compostos por 48 horas seguindo a metodologia de ensaio de infec¢éo por L.
braziliensis — GFP (BASTOS et al., 2017). Os dados sao representativos da média e
do desvio padrao de pelo menos trés experimentos independentes. Os dados foram
submetidos a ANOVA unidirecional seguida pelo teste de Tukey usando GraphPad
Prism versao 8.0. Os asteriscos significam a diferenca estatistica (p<0,05) entre o

tratamento e o controle DMSO.
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Fonte: Elaborada pela prépria autora.

Dentre os compostos avaliados, os derivados 3e e 3h foram os mais efetivos
em inibir o parasito, resultando em efeito inibitério de ~ 40%.

Um aspecto merece destaque neste ponto. Katsuno e colaboradores (2015)
reportaram critérios especificos para que um composto seja considerado promissor
na pesquisa e desenvolvimento de novos agentes quimicos para o tratamento da
maléria, tuberculose, leishmaniose visceral e doenga de Chagas. Especificamente no
caso da leishmaniose visceral, um dos critérios € que 0 composto apresente um valor

de ICso inferior a 10 umol L. Considerando esta informacéo, neste trabalho os
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derivados do eugenol 3a—-3r foram biologicamente avaliados utilizando a concentracao
de 10 umol L. Nestas condi¢des, se um composto apresentar efeito antileishmanial
nesta concentracdo, caso dos compostos 3e e 3h, considera-se que a substancia
possui significativa acao leishmanicida. Ainda que os critérios descritos por Katsuno e
colaboradores (2015) tenham sido relacionados a leishmaniose visceral, acredita-se
que estes critérios possam ser utilizados em investigacbes envolvendo parasitos
causadores da leishmaniose cutanea. E provavel que Katsuno e colaboradores(2015)
descreveram os critérios para a leishmaniose visceral, pois esta é a manifestacao
clinica que mais chama a atencao de pesquisadores por ser a forma mais grave das
leishmanioses.
Os compostos 3e e 3h foram selecionados para determinacao dos valores de

ICs0 e CCso € 0s resultados sao apresentados na Tabela 5.

Tabela 5 — Determinacao dos valores de CCso € ICs0 para os compostos 3e e 3h. O
CCso e o ICs0 foram determinados em macréfagos e no ensaio de infeccao,
respectivamente, pelo método de resazurina ap6s 48 horas. O programa GraphPad
Prisma versédo 5.03 foi usado para determinagédo dos valores CCso e 1Cso realizando
um ajuste ndo linear e os dados representam a média e o desvio padrao de pelo

menos trés experimentos independentes com quadruplicatas internas para cada um

deles.
1 ICso (umol L) amastigotas
1
Composto CCso (ﬁgd L7) intracelulares de L. brazilien- 1S
sis
3e > 200 17,48 >11,4
3h > 200 37,87 >5,3

M@: macrofagos.
IS (indice de Seletividade) =CCso(M@)/ICso (amastigotas intracelulares de L.
braziliensis).
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Katsuno e coautores (2015) descrevem que deve haver uma janela de
seletividade (indice de seletividade) maior que 10 vezes para citotoxicidade usando
uma linhagem celular de mamifero, como os macrofagos, como critério geral para a
selecdo de compostos promissores para o desenvolvimento de novos agentes
quimicos para o tratamento de doengas negligenciadas, como as leishmanioses.

Considerando este critério, 0 composto 3e atende a este critério de selecao.
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6. SINTESE E AVALIACAO DE ATIVIDADE ANTILEISHMANIAL DE COMPOSTOS

1,2,3-TRIAZOLICOS DERIVADOS DO ORTO-EUGENOL
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Synthesis and Evaluation of the Antileishmanial Activity of Novel Eugenol Analogs
Containing 1,2.3-Triazole Fragments against Intracellular Leishmania braziliensis
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This investigation describes the synthesis of eugenol analogs presenting 1,2.3-irtazole fragments
and evaluation of their antileishmanial activity. The alkylation of guaiacol (1) with allyl bromide
afforded 1-(allyloxy)-2-methoxybenzene (2) (93% yield). The Claisen rearrangement conducted
with 1 gave ortho eugenol (3) (82% yield). Alkylation procedures performed with 3 produced 1-allyl-
3-methoxy-2-(prop-2-yn-1-yloxy)benzene (4) (73% yield) and 1-allyl-3-methoxy-2-(pent-4-yn-
I-yloxy)benzene (6) (53% yield). The copper(l)-catalyzed alkyne-azide cycloaddition (CuAAC)
reactions involving alkynes 4 and 6 with different benzylic azides afforded twenty-two eugenol
analogs with 1,2, 3-triazole functionalities (48-93% yield). We screened the compounds at 10 pmol L
against Leishmania braziliensis intracellular amastigotes during macrophage infection. The action
of these compounds was compared with the known leishmanicidal drug amphotericin B. None of
the analogs were toxic to macrophages at 10 umol L. The cytotoxic concentration at 50% (CCy,).
effective concentration at 508 (ECy), and selectivity index (SI) were determined to the best
compounds 4-((2-allyl-6-methoxy )phenoxymethyl}- 1-(4-chlorobenzyl)- 1H-1.2,3-triazole (8¢) and
4-{( 2-allyl-6-methoxy)phenoxymethyl)- 1-(d-trifluoromethoxybenzyl)-11H-1.2 3-triazole (8h). They
showed a significant leishmanicidal effect, with ECy, of 28.09 pmol L (8¢) and 52.03 pmol L (8h).
The SIs were 9.7 for 8c and > 5.7 for 8h. These compounds have the potential as new leishmanicidal
agents against L. braziliensis and may represent a starting point for the development of alternative
treatments for cutaneous leishmaniasis.

Keywords: leishmaniasis, eugenol analogs, ortho-eugenol, 1,2.3-triazoles, cutaneous
leishmaniasis

Introduction

Leishmaniasis is a group of parasitic infections
caused by at least 20 species of the Leishmania genus.'
They are transmitted to mammal hosts during the bite of

*g-mail: robsonrteixeira@ufv.br
“These authors contributed equally to this work.
Editor handled this article: Teodoro 5. Kaufman

vector insects of the genera Lutzomyia and Phlebotomus,
collectively known as sandflies and belonging to the
order Diptera. The transmission occurs when infectious
metacyclic promastigotes of the parasite in the gut of a
female sandfly are inoculated into the host mammal during
a blood meal.?

Three main forms of leishmaniasis, visceral, cutaneous,
and mucocutaneous, are known, which depend on the
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virulence of the infecting protozoan, the susceptibility of
the host, and co-infections.** The clinical manifestation
of the disease may occur asymptomatically to the lethal
form. In the tegumentary forms, the symptoms range from
skin infections (cutaneous leishmaniasis), starting with a
small lump at the site of protozoan inoculation. which may
progress to plague and ulcer formation. to nose and mouth
mucosal deformations and disabilities in the mucosal form.
In the most severe visceral form, hemorrhages and severe
anemia occur leading to death if not treated.’

Leishmaniasis is among the top ten neglected tropical
diseases. These diseases mainly affect low-income
populations in developing countries, causing significant
morbidity and mortality.*® It is estimated that, globally, there
are about 12 million people infected with leishmaniasis.
0.9 to 1.6 million new cases each year, between 20,000 and
30,000 deaths, and 350 million people at risk of infection.®
Therefore. leishmaniasis 1s an important public health
concern and deserves atlention.

The treatment of leishmaniasis is carried out through
drug administration, mainly with the use of pentavalent
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antimonials. such as meglumine antimoniate and sodium
stibogluconate, which are regarded as the firsi-line drugs.™*
Severe side effects (ranging from injection site pain
(administration 1s parenteral), anorexia. adynamia, and even
cardiotoxicity), the need for daily parenteral administration,
and drug resistance are important problems related to the
use of pentavalent antimonials.™

Other alternative drugs for the treatment of leishmaniasis
are different formulations of amphotericin B, pentamidine,
and paromomycin, which are considered second-line drugs
and used in case of antimonial resistance of parasites.*™
There are also problems associated with the use of these
drugs such as the need for hospitalization, the high cost of
some formulations. and side effects, including fever. renal
dysfunction, nausea. abdominal pain, and hepatotoxicity.™'"
Figure | shows the structures of the main drugs used for
leishmaniasis treatment.

In view of the aforementioned problems related to the
drugs currently unlized for leishmaniasis treatment, the
search and development of alternatives 1s an important
demand. In this sense, the use of compounds obtained from
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Figure 1. Structures of antileishmanial drugs, eugenol and eugenol derivative with 1.2, 3-niazole functionality.
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nature is an important approach.’"? The natural compounds
can be used directly as drugs or chemically modified to
improve their leishmanicidal effect. One of such natural
products is eugenol (Figure 1).

Eugenol is a compound present in a variety of plants.
However, Eugenia carvophyllata (= Syzygium aromaticum),
known as clove, corresponds to the main natural source
since generally 45 up to 90% of the oil obtained from
this species i1s eugenol.™ It is a very versatile substance
that has several bioactivities, such as anti-inflammatory,
antibacterial, antifungal, antiviral, insecticide, anticancer,
analgesic, antioxidant, antimalarial, and leishmanicide."”
Besides, eugenol is synthetically useful for the preparation
of several organic compounds.' Our research group
prepared a series of eugenol derivatives presenting
1.2,3-triazole fragments and evaluated their antileishmanial
activity on Leishmania amazonensis.” It was found that
compound 4-(3-(4-allyl-2-methoxyphenoxy)propyl)-
1-(4-methylbenzyl)-1H-1.2.3-triazole (Figure 1) showed
the highest efficacy (half maximal inhibitory concentration
(IC.)) 7.4 pmol L") against promastigote forms. This
compound was selected for the evaluation of its effect against
the intracellular amastigotes, with an ICs; 1.6 pmol L and
a macrophage selectivity index of 132.5.

Based on the premises and in continuation of our efforts
to find useful compounds for leishmaniasis treatment by
exploring the eugenol/1.2 3-triazole scaffold, it is described
in the present investigation the preparation of novel eugenol
analogs with 1,2.3-triazole fragments and the results
concerning their antileishmanial activity evaluation now
against Leishmania braziliensis which is the main species
related with tegumentary leishmaniasis in the New World.

Experimental
Synihesis

Generalities

Solvents were purchased from F Maia (Mogi das
Cruzes, SP. Brazil). Guaiacol. benzy| alcohols, pent-4-yn-
1-0l, mesyl chloride, sodium azide, triethylamine, propargyl
bromide, allyl bromide, tetrabutylammonium bromide,
sodium ascorbate, copper(Il) sulfate pentahydrate were
procured from Sigma-Aldrich (St. Loms, MO, USA) and
used as received. The nuclear magnetic resonance (NMR)
spectra were recorded on a Varian Mercury 300 instrument
(Varian, Palo Alto, CA, USA) at 300 MHz ('"H) and 75 MHz
("C), Bruker Avance DRX NMR (Billerica. Massachusetts,
CA, USA) at 400 MHz ('"H) and 100 MHz (*C) and
Bruker Avance at 600 MHz ("H) and 150 MHz (3C),
respectively, using CDCI, as solvent. NMR data are
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presented as follows: chemical shift (6) in ppm. multiplicity,
the number of hydrogens, J values in hertz (Hz).
and hydrogen assignment. Multiphicities are shown as the
following abbreviations: s (singlet), s, (apparent singlet),
d (doublet). dd (doublet of doublets), dd,, (apparent
doublet of doublets}, t (triplet), dq (doublet of quartets),
ddt,, (apparent doublet of doublets of triplets). t,_ (apparent
triplet}, dt {doublet of triplets), q (quartet), quint {quintet),
sept (septet), m (multiplet). Fourier-transformed infrared
(FTIR) spectra were obtained using Varian 660-IR (Palo
Alto, CA, USA) equipped with GladiATR scanning from
4000 to 500 cm'. High-resolution mass spectra (HRMS)
were recorded on a Q-Exactive (Thermo Scientific,
Bremen, Germany). The spectra were acquired using the
following conditions, ionization source: electron spray
(+) and (—); spray voltage: 3.5 kV; capillary temperature:
275 °C; sheath gas: 5 (arbitrary unuts); auxiliary gas: 0
(arbitrary units). For the mass specirometry analyses,
the samples were prepared as follows: a mass of 1 mg of
the compound to be analyzed was dissolved in | mL of
acetonitrile. Then, the solution was diluted with | mL of
methanol so that the final concentration corresponded to
| ppm. The resulting solution was directly injected into the
Q-Exactive equipment at 5 pmL min”. The spectra were
recorded in full MS mode. Melting points were uncorrected
and obtained from an MQAPF-301 melting point apparatus
(Microquimica, Palhoga, SC, Brazil). Analytical thin
layer chromatography (TLC) analyses were conducted
on aluminum-backed precoated silica gel plates using
different solvent systems. After elution, the TLC plates
were visualized using potassium permanganate solution
and ultra-violet (UV) light. Column chromatography was
performed using silica gel 60 (60-230 mesh). Solvents were
dried using standard procedures described in the literature.'

Synthesis of 1-allyloxy-2-methoxybenzene (2)

A round bottom (100 mL) was charged with guaiacol (1)
(2.25 mL, 20.0 mmol) and toluene (10.0 mL). The mixture
was cooled in an ice bath and 10.0 mL of NaOH aqueous
solution (35% m v') and 0.389 g of tetrabutylammonium
bromide (2.00 mmol) were added. The resulting mixture
was kept under magnetic stirring for 1 h. Then, 2.07 mL
of allyl bromide (24.0 mmol) were added. After that, the
ice bath was removed and the reaction mixture was kept
under stirring at room temperature. The completion of
the reaction was confirmed after 3 h by TLC analysis.
Then, brine (7.00 mL) was added to the reaction mixture,
and the phases were separated. The aqueous phase was
extracted with diethyl ether (3 x 20 mL). The organic
extracts were combined and the resulting organic phase
was washed with | mol L' NaOH aqueous solution, dried
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under anhydrous Na,50,, filtered, and concentrated under
reduced pressure. Compound 2 was obtained in 93%
vield (3.12 g, 12.0 mmol) and was not subjected to any
subsequent purification procedure. Its structure is supported
by the following data.

Yellow oil; TLC: Rf = 0.53 (hexane-ethyl acetate
6:1 v v'); FTIR (ATR) v,/ em! 3077, 3012, 2042,
2834, 1585, 1501, 1454, 1253, 1121, 1020, 922, 737,
576; '"H NMR (400 MHz, CDCl,) & 3.86 (s, 3H). 4.61
(dt. /5.2, 1.4 Hz, 2H). 5.28 {dg, J10.4, 1.4 Hz. IH), 5.39
(dg.J17.2, 1.4 Hz. 1H), 6.08 (ddt_. J 5.2, 10.4, 17.2 Hz,
1H), 6.84-6.95 (m, 4H); “C NMR (100 MHz, CDCl,) &
56.1,70.0,111.9.113.4,117.5,120.8, 121.2, 133.3, 148.0,
149.7;: HRMS [M + Na*] caled. for C,,H,,0.Na: 187.07350,
found: 187.07299.

Synthesis of ortho-eugenol (3)

To a sealed tube, it was added 3.00 g (0.018 mol)
of 1-allyloxy-2-methoxybenzene (2) under a nitrogen
atmosphere. Compound 2 was kept under stirring at 200 °C
for 10 h. After that, the system was cooled down to room
temperature. Compound 3 was purified by silica gel column
chromatography eluted with hexane-ethyl acetate (8:1 v v')
and obtamned in 82% yield (2.45 g, 14.9 mmol).

Yellow oil; TLC: Rf = 0.54 (hexane-ethyl acetate
8:1 v v'); FTIR (ATR) ¥,/ cm™ 3525 (broad band),
3081, 2840, 1638, 1616, 1592, 1481, 1436, 1353, 1270,
1214, 1068, 994, 908, 779, 735: 'H NMR (400 MHz,
CDCl,) é 3.39-343 (m, 2H). 3.83 (s. 3H), 5.02-5.10 (m,
2H), 5.71 (s, 1H, OH), 6.00 (ddt,. J6.8, 10.0, 16.8 Hz,
1H), 6.71-6.81 (m, 3H); “C NMR (100 MHz, CDCl,) 6
33.6,56.1,108.4,115.1,119.3,122.4, 125.7, 136.6, 143.5,
146.2; HRMS [M — H7] caled. for C,;H,,0,,: 163.07590,
found: 163.07575.

Synthesis of 1-allyl-3-methoxy-2-(prop-2-yn-1-yloxy)
benzene (4)

To a round bottom flask, it was added ortho engenol (3)
(1.15 g, 7.00 mmol) and toluene (10.0 mL). The reaction
mixture was cooled in an ice bath. Then, NaOH aqueous
solution 35% m v' (10.0 mL) and tetrabutylammonium
bromide (0.225 g, 0.700 mmol) were added to the mixture.
The resulting mixture was kept under magnetic stirmng for
1 h. After that. propargy!l bromide (0.726 mL. 8.40 mmol}
was added, the 1ce bath was removed and the resulting
mixture was stirred at room temperature for a further
4 h. Subsequently. toluene was removed under reduced
pressure and saturated NaCl aqueous solution (7.00 mL)
was added. The layers were separated and the aqueous
phase was extracted with diethyl ether (3 x 20 mL). The
organic extracts were combined and the resulting organic
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phase was dried under anhydrous Na,50,, filtered, and
concentrated under reduced pressure. The product was
purified by silica gel column chromatography eluted with
hexane-ethyl acetate (6:1 v v'). Compound 4 was obtained
in 73% yield (0.798 g. 3.95 mmol).

Yellow oil; TLC: Rf = 0.65 (hexane-ethyl acetate
6:1 vv')y FTIR(ATR) v,/ cm" 3201, 3087, 3004, 2037,
2840, 2362, 2165, 2125, 1904, 1633, 1584, 1477, 1361,
1270, 1198, 1068, 998, 011, 782, 744, 628, 538; 'H NMR
(400 MHz, CDCL,) & 2.44 (t, J 2.6 Hz, 1H), 3.48-3.52 (m.
2H), 3.84 (s. 3H), 4.70 (d. J 2.6 Hz, 2H), 5.02-5.11 (m,
1H), 5.97 (ddt,. J 6.6, 10.0. 16.8 Hz, 1H), 6.76-6.81 (m.
2H), 7.01 (t. J 7.8 Hz, 1H); “C NMR (100 MHz, CDCl,}
6342, 55.7,59.7, 747, 79.6, 1104, 115.7, 122.0, 124.0,
134.6. 137.2, 1445, 152.5; HRMS [M + H'] caled. for
C,;H,.0,: 203.10720. found: 203.10675; [M + Na*] caled.
for C,;H,,O,Na: 225.08915, found: 225.08864.

Synthesis of pent-4-yn-1-yl methanesulfonate (5)

A round bottom flask (100 mL), under a nitrogen
atmosphere, was charged with pent-4-yn-l-ol (1.68 g,
20.0 mmol) and 20.0 mL of dichloromethane. The reaction
mixture was cooled to =50 °C and 5.60 mL of triethylamine
(40.0 mmol) was added. Then, mesyl chloride (2.30 mL.
30.0 mmol) dissolved in 1.00 mL of dichloromethane was
slowly added to the reaction mixture. The resulting mixture
was stirred for 4 h and the completion of the reaction after
this time was confirmed by TLC analysis. Subsequently,
distilled water (10.0 mL) was added and the phases were
separated. The organic phase was washed with 0.1 mol L'
HCl aqueous solution (3 x 15.0 mL), followed by saturated
NaHCQO, agueous solution (3 x 5.00 mL). dried under
anhydrous Na,50,. filtered. and concentrated under
reduced pressure. Compound 5 was purified by silica gel
column chromatography eluted with hexane-ethyl acetate-
dichloromethane (3:1:3 v v'). This procedure afforded
compound 5 with 92% yield (3.00 g, 18.0 mmol).

Yellow oil; TLC: Rf = (.76 (hexane-ethyl acetate-
dicloromethane 3:1:3 v v'); '"H NMR (400 MHz, CDCl,)
& 1.93 (quint, 2H, J 6.5 Hz), 1.99 (t, 1H, J 2.7 Hz), 2.33
(dt, 2H, J 6.8, 2.7 Hz), 3.00 (s, 3H), 4.32 (t. 2H, J 6.1 Hz):
C NMR (100 MHz, CDCl,) 6 14.5, 27.6, 37.1, 68.2,
69.7, 82.0.

Synthesis of 1-allyl-3-methoxy-2-(pent-4-yn-1-yloxy)benzene
(6)

To a round bottom flask,. 1t was added 2-allyl-
6-methoxyphenol (3) (1.40 g. 8.50 mmol} and toluene
(10.0 mL). The reaction mixture was cooled in an ice
bath. Subsequently, NaOH agueous solution 35% m v
(10 mL) and tetrabutylammonium bromide (0.273 g,
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0.850 mmeol) were added and the resulting mixture was
kept under magnetic stirring for | h. Then. pent-4-yn-
1-ylmethanesulfonate (5) (1.65 mL. 10.2 mmol) was added,
the ice bath was removed, and the mixture was stirred at
room temperature for 24 h. Afterward, toluene was removed
under reduced pressure, and a saturated NaCl aqueous
solution (7.00 mL) was added. The phases were separated
and the agueous phase was extracted with diethyl ether
{3 x 20 mL). The organic extracts were combined and the
organic phase was dried under anhydrous Na,S0,, filtered.
and concentrated under reduced pressure. Compound 6 was
purified by silica gel column chromatography eluted with
hexane-ethyl acetate (6:1 v v') and obtained in 33% yield
(1.00 g, 4.34 mmol).

Yellow oil: TLC: Rf = 0.69 (hexane-ethyl acetate
6:1 vv'); FTIR (ATR) v, fem™ 3301, 3081, 3003, 2936,
2837, 2165, 2121, 1638, 1585, 1471, 1437, 1388, 1274,
1213, 1179, 1078, 1040, 998, 914, 830, 752, 630: '"H NMR
{600 MHz, CDCl,)6 1.95(d, 1H.J6.0 Hz). 1.98 (quint. 2H.
J6.0Hz),2.46(dt, 2H,J 7.2, 2.4 Hz), 3.42 (d. 2H, J 6.0 Hz).
3.83(s,3H), 4.02 (. 2H. J 6.0 Hz). 5.03-53.07 (m, 2H). 5.96
(ddt,.. IH,J6.0, 12.0, 18.0Hz), 6.77-6.78 (m, 2H), 6.98 (t,
1H, J 6.0 Hz); "C NMR (150 MHz, CDCl,) 6 15.2, 29.3.
34.0, 55.8, 68.5. T1.4, 84.1, 110.6, 1154, 122.1, 1238,
134.0, 1374, 146.0, 153.0; HRMS [M + H?] caled. for
C,;H,,0,: 231.13850, found: 231.13818; [M + Na*] calcd.
for C;.H,,O,Na: 253.12045, found: 253.12002.

Preparation of benzyl azides

The organic azides benzylazide ( Ta), 4-fluorobenzylazide
(7h), 4-bromobenzylazide (7d), 4-chlorobenzylazide
(Te). 4-10dobenzylazide (Te), 4-nitrobenzylazide (7f).
4-methoxybenzylazide (7g), 4-tnfluoromethoxybenzylazide
{(7Th), 4-trifluoromethylbenzylazide (7i).
4-methylbenzylazide (7)), 4-isopropylbenzylazide (7Tk)
utilized 1n preparation of eugenol analogs were obtained
as previously described."”

General procedure for the preparation of compounds 8a-8k
and 9a-9k exemplified by synthesis of compound 4-((2-allyl-
B-methoxy)phenoxymethyl)-1-benzyl-1H-1,2 3-triazole (8a)

To a round bottom flask (10 mL), 1t was added 1-allyl-
3-methoxy-2-(prop-2-yn-1-yloxy) benzene (3) (0.150 g.
0.740 mmol), benzylazide (7a) (0.0990 g, 0.740 mmol).
sodium ascorbate (0.0590 g. 0.300 mmol), 1.00 mL
ethanol and 1.00 mL water. Then, CuSO,-5H,0 (0.0370 g,
0.150 mmol) was added. The reaction mixture was kept
under vigorous stirring at room temperature. The end of
the reaction was confirmed by TLC analysis. The reaction
mixture was extracted with dichloromethane (3 » 10.0 mL).
The organic phases were combined, washed with saturated
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Na,CO, solution, dried over anhydrous Na,50,, filtered,
and concentrated under reduced pressure. Compound 8a
was purified by silica gel column chromatography eluted
with hexane-ethyl acetate (2:1 v v'). The described
procedure afforded compound 8a in 54% yield (0.134 g,
0.402 mmol).

White solid, mp 76.2-78.2 °C; TLC: Rf=0.55 (hexane-
ethylacetate 2:1 v v' ) FTIR (ATR) v__ / cm™ 3129, 3005,
3008, 2042, 2888, 2833, 2165, 1972, 1640, 1580, 1471,
1380, 1264, 1200, 1064, 988, 854, 765, 703,651, 590, 461
'H NMR (400 MHz, CDCL,) é (d. J 6.4 Hz, 2H). 3.81 (s,
3H), 4.94-4 98 (m. 2H), 5.13(s. 2H), 5.52 (s, 2H). 5.80-5.90
(m, 1H), 6.73-6.79 (m, 2H). 6.99 (1, /8.0 Hz, 1H). 7.24-7.39
(m. 5H), 7.50(s. IH); "C NMR (100 MHz, CDCl,) é 34.2,
543,558,663, 1105, 115.7, 122.1, 122.8, 1244, 128.2,
128.8, 120.2, 1344, 1348, 1372, 145.3, 1455, 152.8;
HRMS [M + H*] caled. for C,;H..0.N,: 336.17120. found:
336.17065: [M + Na*] caled. for C,,H,,0,N,Na: 358.15315,
found: 358.15247; [2M + Na*] caled. for (C,,;H,,O,N, ). Na:
693.31652. found: 693.31460.

Compounds 8b-8k and Ya-9k were prepared using a
procedure similar to that described for the synthesis of 8a.
The structures of these were confirmed by NMR ('H and
*C), FTIR and HRMS analyses. [nformation regarding the
reactions involved in the preparation of the aforementioned
compounds and data that support their structures are

described below.

4-((2-Allyl-8-methoxy)phenoxymethyl)-1-(4-fluorobenzyl)-
1H-1,2,3-triazole (8b)

White solid (0.227 g, 0.644 mmol) obtained in
87% yield from the reaction of alkyne (3) (0.150 g,
0.740 mmol), 4-fluorobenzylazide (7Th) (0.111 g,
0.740 mmol), sodium ascorbate (0.0590 g, 0.300 mmol)
and CuSO,-5H,0 (0.0370 g, 0.150 mmeol). Purified by
silica gel column chromatography eluted with hexane-ethyl
acetate-dichloromethane (3:1:3 v v'), mp 62.0-63.3 °C.
TLC: Rf = 0.48 (hexane-ethyl acetate-dichloromethane
3:1:3 v v") FTIR (ATR) v, / cm™ 3117, 3077, 3003,
2888, 2844, 1004, 1901, 1639, 1594, 1511, 1477, 1257,
1205, 1125, 1060, 008, 014, 854, 765, 642, 526, 480;
'HNMR (400 MHz, CDCl,)é 3.29-3.31 (m, 2H), 3.82 (s,
3H). 4.94-4.99 (m, 2H). 5.14 (s, 2H), 5.49 (s, ZH). 5.80-
5.90(m. 1H), 6.73-6.79 (m. 2H). 6.97-7.07 (m. 3H). 7.22-
7.26 (m, 2H), 7.50 (s, 1H): *C NMR (100 MHz, CDCl,)
4 34.0,53.3,55.7.66.1. 1104, 115.6, 116.0 (d, f 22 Hz),
121.9, 122.5, 124.2, 129.8 (d, J 8 Hz), 130.5 (d. J 3 Hz).
134.2, 137.0. 145.2, 145.5, 152.6, 162.8 (d. J 246 Hz):
HRMS [M + HY] caled. for C,,H,,O,N,F, 354.16178;
found: 354.16148; [M + Na*] caled. for C;jH,,0.N.FNa:
376.14372, found: 376.14334,
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4-({2-Allyl-6-methoxy)phenoxymethyl)-1-(4-chlorobanzyl)-
1H-1,2,3-triazole (8c)

White solid, obtained in 68% yield (0.170 g, 0.460 mmol)
from the reaction of alkyne (3) (0.137 g, 0.680 mmol).
4-chlorobenzylazide (e} (0.111 g. 0,680 mmol). sodium
ascorbate (0.0590 g, 0.300 mmeol) and CuSO;-5H,O
(0.0370 g. 0.150 mmol). Purified by silica gel column
chromatography eluted with hexane-ethyl acetate-
dichloromethane (3:1:3 v v'), mp 72.7-75.0 °C, TLC:
Rf = 0.48 (hexane-ethyl acetate-dichloromethane
3:1:3 v v); FTIR (ATR) v/ co! 3143, 3072, 2008,
2037, 2883, 2832, 1960, 1633, 1577, 1467, 1429, 1265,
1205, 1060, 961, 914, 857, 735, 664, 572, 496; 'H NMR
(400 MHz, CDCl;) é 3.29-3.31 (m 2H), 3.82 (s, 3H).
4.94-4.99 (m, 2H). 5.14 (s. 2H). 5.49 (s, 2H). 5.80-5.91
(m, IH), 6.73-6.79 (m, 2H), 7.00(t. J 8.0 Hz, IH), 7.18 (d.
J8AHz, 2H), 7.33(d,J 8.4 Hz, 2H), 7.50 (s, 1H): "CNMR
(100 MHz, CDCl,) 6 34.0, 53.3, 557, 66.0, 1104, 115.6,
122.0, 1226, 124.2, 129.3, 1293, 133.2, 1342, 1347,
137.0. 145.2, 145.6. 152.6;: HRMS [M + H*] caled. for
C,,H,,O.N,Cl: 370.13223, found: 370.13199.

4-{(2-Allyl-6-methoxy)phenoxymethyl}-1-(4-bromobenzyl}-
1H-1,2,3-triazole (8d)

‘White solid, obtained in 74% yield (0.228 g, (0.551 mmol)
from the reaction of alkyne (3) (0.150 g, 0.740 mmol).
4-bromobenzylazide (7d) (0,120 g. 0.740 mmol). sodium
ascorbate (0.0390 g, 0.300 mmol) and CuSO,-5H,0
(0.0370 g, 0.150 mmol). Purified by silica gel column
chromatography eluted with hexane-ethyl acetate (2:1 v v).
mp 82.2-83.2 °C, TLC: Rf = 0.47 (hexane-ethy| acetate
2:1 vv'), FTIR (ATR) v, fom' 3147, 3077, 2996, 2966,
2037, 2882, 2832, 2362, 2161, 1967, 1639, 1581, 1467,
1436, 1264, 1199, 1060, 981, 914, 792, 752, 651, 476;
'H NMR (400 MHz, CDCl,) é 3.32-3.33 (m 2H), 3.85 (s.
3H),4.97-5.02 (m, 2H), 5.16 (s, 2H), 5.50 (s, 2H), 5.84-5.92
(m, 1H}), 6.76-6.82 (m, 2H), 7.02 (t, J 6.4 Hz, 1H), 7.14 (d,
2H. J6.8Hz), 7.51 (d, ZH. J 6.8 Hz), 7.53 (s. IH); "CNMR
(100 MHz, CDCl,) & 34.0,53.4, 55.7,66.0, 1104, 115.6,
122.0, 122.6, 122.8, 124.3, 129.6, 132.2, 133.7, 134.2,
137.0, 145.1. 145.6, 152.6; HRMS [M + H?] caled. for
C, H,,O,N,Br, 414,08171: found: 414.08171; [M + Na*]
caled. for C;H,,0,N;BrNa, 436.06366; found: 436.06322.

4-((2-Allyl-6-methoxy)phenoxymethyl)-1-(4-iodobenzyl)-
1H-1,2,3-riazole (8e)

White solid, ebtained in 75% yield (0.216 g, 0.469 mmol)
from the reaction of alkyne (3) (0.128 g, 0.630 mmol),
4odobenzylazide (Te) (0,163 g, 0,630 mmol), sodium
ascorbate (0.0590 g, 0.300 mmeol) and CuSO,5H,0
(0.0370 g, 0.150 mmol). Purified by silica gel column
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chromatography eluted with hexane-ethyl acetate-
dichloromethane (3:1:3 v v''), mp 91.0-92.7°C, TLC: Rf =
0.53 (hexane-ethyl acetate-dichloromethane 3:1:3 v v');
FTIR (ATR) v, / cm™ 3143, 3077, 3002, 2937, 2804,
2840, 2161, 1976, 1639, 1581, 1488, 1477, 1429, 1312,
1264, 1195, 1053, 980, 913, 862, 793, 755, 651, 472;
'H NMR (400 MHz, CDCl,) 6 3.30-3.32 (m 2H), 3.83 (s,
3H),4.95-5.01 im, 2H), 5.15 (s, 2H), 547 (s, 2H), 5.81-5.91
(m, 1H). 6.74-6.80 (m, 2H), 6.98-7.03 (m, 3H), 7.51 (s,
1H), 7.70(d. J 8.4 Hz, 2H); “C NMR (100 MHz, CDCL.)
4340, 53.5,55.7.66.0,94.4, 1104, 1156, 121.9, 122.6,
1242, 129.7, 134.2, 134.3, 137.0, 138.2, 145.1, 1456,
152.6: HRMS [M + H*] caled. for C, H,, O,N, 1, 462.06784,
found: 462.06762; [M + Na*] caled. for C, H, 0.N,INa:
484.04979, found: 484.04935; [2M + Na'] caled. for
(C;;H,O,N I}, Na: 945.10981. found: 945.10565.

4-((2-Allyl-6-methoxy)phenoxymethyl)-1-(4-nitrobenzyl)-
1H-1,2,3-triazole (8f)

White solid, obtained in 72% yield (0.203 g, 0.535 mmol}
from the reaction of alkyne (3) (0.150 g, 0.740 mmol).
4-nitrobenzylazide (7F) (0.132 g, 0.740 mmol). sodium
ascorbate (0 0.0590 g, 0.300 mmeol) and CuS0O,-5H,0
(0.0370 g, 0.150 mmol). Purified by silica gel column
chromatography eluted with hexane-ethyl acetate (2:1 v v').
mp 40.0-42.0 °C, TLC: Rf = 0.21 (hexane-ethyl acetate
2:1vv'); FTIR (ATR) ¥, / cm™ 3127, 3077, 3008, 2971.
2898, 2838, 2366, 2156, 1932, 1646, 1605, 1515, 1472,
1423, 1340, 1278, 1178, 1060, 976,923, 800, 775, 727. 647,
453; "H NMR (400 MHz, CDCl.) é 3.34 (d. J 8.0 Hz, 2H).
3.85 (s, 3H), 4.97-5.01 (m, 2H), 5.19 (s, 2H}. 5.67 (s, 2ZH),
5.85-5.93(m, 1H), 6.76-6.82 (m, 2H), 7.03 (t..J 6.4 Hz, IH).
739 (d, f 6.8 Hz, 2H), 7.63 (s, 1H). 8.23 (d, / 6.8 Hz, 2H):
BCNMR (100 MHz. CDCL,) 6 34.1,53.0.55.7.65.9. 1104,
115.7. 1220, 123.0. 124.2, 1243, 1285, 134.1. 1370,
141.7. 145.0. 146.0, 148.0, 152.6; HRMS [M + H*] caled.
for C, H,,O,N,: 381.15628, found: 381.15620; [M + Na‘]
caled. for C,,H,O,N,Na: 403.13822, found: 403.13780.

4-((2-Allyl-8-methoxy)phenoxymethyl)-1-{4-methoxybenzyl)-
1H-1,2,3-triazole (8g)

White solid. obtained in 72% vield (0.270 2.
(0.740 mmol) from the reaction of alkyne (3) (0.150 g.
0.740 mmol). 4-methoxybenzylazide (7g) (0.120 g,
0.740 mmol). sodium ascorbate (0.0590 g. 0.300 mmol) and
CuS0,-5H,0(0.0370 g, 0.150 mmol). Purified by silica gel
colomn chromatography eluted with hexane-ethyl acetate
{2:1 vv'), mp49.9-53.5%C, TLC: Rf =0.50 (hexane-ethyl
acetate 2:1 v v'); FTIR (ATR) v__ /e 3129, 3074, 3007.
2036, 2835, 2165, 1976, 1731, 1643, 1608, 1581, 1506,
1479, 1436, 1243, 1175, 1064, 996,919, 850, 769, 645,



1816 Synthesis and Evaluation of the Amileishmanial Activity of Novel Engenol Analogs

560,516; 'THNMR (400 MHz, CDCL,) 6 3.29-3.31 (m. 2H).
3.80 (s, 3H), 3.81 (s, 3H), 4.93-4.99 (m, 2H), 5.12 (s. ZH),
5.45 (s, 2H). 5.80-5.90 (m, 1H), 6.71-6.79 {m, 2H). 6.89 (d,
J 8.7 Hz. 2H), 6.99 (1. J 8 Hz, 1H), 7.21 (d, J 8.7 Hz, 2H),
7.47 (s, 1H): C NMR (100 MHz, CDCl,) 6 34.0. 53.6,
55.3,55.7.66.2. 1104, 1144, 115.6. 121.9, 1224, 1242,
126.6. 129.6, 134.2, 137.0, 145.2. 145.3, 152.6. 159.9;
HRMS [M + H*] caled. for C, H,,0,N,: 366,18177, found:
366.18184; [M + Na*] caled. for C, H,,O,N,Na: 388.16371,
found: 388.16310; [M + K'] caled. for C,,H.;O.N.K:
404.13765. found: 404.13714: [2M + Na*] caled. for
(C,,H;50.N, ), Na: 753.33765, found: 753.33560.

4-({2-Allyl-6-methoxy)phenoxymethyl)-1-(4-trifluoro-
methoxybenzyl}-1H-1,2,3-triazole (8h)

White solid, obtained in 61% yield (0.165 g,
0.394 mmol) from the reaction of alkyne (3) (0.128 g,
0.630 mmol). 4-trifluoromethoxybenzylazide (Th) (0.136 g.
(0,630 mmol), sodium ascorbate (0.0590 g, 0.300 mmol)
and CuS0,-5H,0 (0.0370 g, 0.150 mmol). Purified by
silica gel column chromatography eluted with hexane-ethyl
acetate-dichloromethane (3:1:3 v v'). mp 59.5-61.5 °C,
TLC: Rf= 0.56 (hexane-ethyl acetate-dichloromethane
3:1:3 v v'); FTIR (ATR) v, / em™ 3120, 3073, 3004,
2023, 2840, 21609, 2011, 1976, 1643, 1585, 1511, 1481,
1257, 1205, 1151, 1068, 989, 923, 858, 765, 647, 507;
'H NMR (400 MHz, CDCl,) 6 3.30-3.31 (m, 2H), 3.82 (s,
3H), 4.94-4.99 (m, 2H). 5.15(s, 2H), 5.53 (5. 2H), 5.81-5.91
(m. 1H), 6.73-6.79 (m. 2H), 7.00 (1. J 8.0 Hz, 1H), 7.21 (d.
J8.4Hz 2H), 7.27 (1,.J 8.4 Hz. 2H). 7.52 (s, [H); "C NMR
(100 MHz, CDCl.) 6 34.0, 53.5, 55.7, 66.0, 1104, 115.6,
121.5, 122.0, 122.6, 124.2, 129.5, 1334, 134.2, 137.0,
145.1. 1457, 1494, 152.6; HRMS [M + H?] caled. for
C, H,,O,N.F,: 420.15350, found: 420.15320; [M + Na*]
caled. for C,,H, O,N.F.Na: 44213545, found: 442.13471.
[2M + Na*] caled. for (C,H,,0,N.F,),Na: 861.28112,
found: 861.27889.

4-({2-Allyl-6-methoxy)phenoxymethyl)-1-(4-trifluoro-
methylbenzyl)-1H-1,2 3-triazole (8l)

‘White solid obtained in 63% yield (0.189 g.0.468 mmol)
from the reaction of alkyne (3) (0.150 g, 0.740 mmol),
4-trifluoromethylbenzylazide (7i) (0.223 g, 1.11 mmol),
sodium (0.0590 g, 0.300 mmol) and CuSO,5H,0
(0.0370 g, 0.150 mmol). Purified by silica gel column
chromatography eluted with hexane-ethyl acetate (2:1 v v'),
mp 69.5-71.5 °C, TLC: Rf = 0.45 (hexane-ethyl acetate-
dichloromethane 2:1 v v!); FTIR (ATR) v___ / e 3135,
3074, 3000, 2038, 2837, 1976, 1646, 1591, 1476, 1382,
1330, 1270, 1199, 1126, 1057, 998, 920, 853, 775, 748,
651, 501; 'H NMR (400 MHz, CDCI,) é 3.32-3.34 (m,
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2H), 3.85 (s, 3H). 4.97-5.01 (m, 2H), 5.18 (s, 2H). 5.61
(s, 2H), 5.84-5.92 (m, 1H), 6.76-6.82 (m, 2H), 7.02 (t,
J64Hz, 1H), 7.37 (d, J 6.4 Hz, 4H). 7.57 (s, 1H), 7.65 (d,
J 6.4 Hz, 2H); "C NMR (100 MHz, CDCL,) 6 34.0, 534,
55.6. 66.0, 1102, 115.6, 121.9, 122.8, 124.3. 126.1 (g,
J3.0Hz). 128.1. 131.0(q.J26.0 Hz), 1342, 137.0, 138.6,
145.1, 145.8, 152.6, 123.8 (J 217.0 Hz); HRMS [M + H¥]
caled. for C, H, O,N F: 404.15859, found: 404.15824:
[M + Na*] caled. for C;,H./O.N,F;Na: 426.14053, found:
426.13975: [2M + Na*] caled. for (C;,H,,0,N.F;),Na:
8290.29129, found: 829.28877.

4-((2-Allyl-8-methoxy)phenoxymethyl}-1-(4-methyibenzyl)-
1H-1,2,3-triazole (8])

White solid. obtamed in 88% yield (0.228 g, 0.652 mmol)
from the reaction of alkyne (3) (0.150 g. 0.740 mmol),
4-methylbenzylazide (7j) (0.147 g, 1.00 mmol), sodium
ascorbate (0.0590 g, 0.300 mmel) and CuS0,-5H,0
{0.0370 g, 0.150 mmol). Punfied by silica gel column
chromatography eluted with hexane-ethyl acetate (2:1 v v'),
mp 64.5-66.5 °C, TLC: Rf= 0.56 (hexane-ethyl acetate
2:1 v v*"); FTIR (ATR) v, / cm™ 3139, 3081, 3002,
2050, 2888, 2840, 2165, 1980, 1637, 1580, 1511, 1471,
1432, 1384, 1270, 1205, 1124, 1054, 988, 923, 858, 757,
650,511, 460; '"H NMR (400 MHz, CDCl,) 6 2.37 (s. 3H),
3.32-3.33(m, 2H). 3.84 (s, 3H). 4.97-5.01 (m, 2H). 5.15(s.
2H), 5.50 (s, 2H), 5.84-5.92 (m, 1H), 6.75-6.81 (m. 2H),
7.01 (. J6.4 Hz, 1H), 7.19 (s, 4H), 7.50 (s, I H); *C NMR
(100 MHz, CDCl,) é 21.1, 34.0, 53.9. 55.6. 66.1, 110.3,
115.6, 121.9, 122.6, 124.2, 128.1, 129.7, 131.6, 134.2,
137.0, 138.6, 1452, 145.3, 152.6; HRMS [M + H*] calcd.
for C,,H,,O.N,: 350.18685; found: 350.18635. [M + Na*]
caled. for C;,H,,O.N,Na: 372.16880; found: 372.16836.

4-({2-Allyl-6-methoxy)phenoxymethyl)-1-(4-isopropyl-
benzyl)-1H-1,2,3-triazole (8K)

White solid, obtained in 57% yield (0.159 g,
0.422 mmol) from the reaction of alkyne (3) (0.150 g.
0.740 mmol), 4-isopropylbenzylazide (Tk) {0.130 g,
0.740 mmol), sodium ascorbate (0.0590 g, 0.300 mmol)
and CuSO,5H,0 (0.0370 g, 0.150 mmol). Purified by
silica gel column chromatography eluted with hexane-
ethyl acetate (2:1 v v'), mp 49.0-51.8 °C, TLC: Rf_ 0.59
(hexane-ethyl acetate 2:1 v vy FTIR (ATR) v__ / e’
3122, 3077, 2954, 2867, 2156, 1972, 1643, 1577, 1511,
1477, 1316, 1265, 1199, 1127, 1054, 998, 910, 850, 765.
T34, 642, 539: '"H NMR (400 MHz, CDCl,) & 1.27 (d.
J5.6Hz 6H),2.93 (sept. J 5.6 Hz. 1H), 3.32-3.33 (m, 2H).
3.83 (5. 3H), 4.96-5.01 (m, 2H). 5.16 (s, 2H). 5.51 (s, 2H),
5.84-592 (m, 1H), 6.75-6.81 (m, 2H). 7.02 (t, J 6.2 Hz.
1H), 7.21-7.28 (m, 4H), 7.52 (s, 1H); "C NMR (100 MHz,
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CDCL) 6 23.9, 33.8, 34.0, 53.9, 55.6, 66.2, 110.3, 115.6,
121.9, 122.6, 1242, 127.1, 128.2, 131.9, 134.3, 137.0,
145.2, 1453, 149.6. 152.6; HRMS [M + H*] caled. for
C,;H,:0O,N;: 378.21815, found: 378.21757; [M + Na*]
caled. for C,,H,,O,N;Na: 400.20010, found: 400.19908;
[2M + Na*] caled. for (C,,H,,O,N ), Na: 777.41042, found:
777.40807.

4-(3-(2-Allyl-6-methoxyphenoxy)propyl)-1-benzyl-
1H-1,2,3-triazole (9a)

Yellow oil. obtained in 73% yield (0.196 g. (.540 mmol)
from the reaction of alkyne (5) (0.170 g. 0.740 mmol).
benzylazide (Ta) (0.133 g. 1.00 mmol), sodium ascorbate
(0.0580 g, 0.300 mmol) and CuSO,-5H,0 (0.0370 g,
0.150 mmeol). Punfied by silica gel column chromatography
eluted with hexane-ethyl acetate (2:1 v v'), TLC: R, =0.61
(hexane-ethyl acetate 2:1 v v'); FTIR (ATR) v, / cm™
3136, 3073, 2942, 2840, 2165, 1633, 1585, 1477, 1270,
1213, 1060, 913, 782, 725, 572, 458; '"H NMR (600 MHz,
CDCL,) é 2.93 (t, J 7.8 Hz, 2H), 2.10-2.14 (m, 2H), 3.36-
3.37(m, 2H), 3.76 (s, 3H). 3.95 (t, / 6.6 Hz, 2H), 4.99-5.02
(m, 2H), 5.49 (s, 2H), 5.88-5.95 (m, 1H), 6.74-6.76 (m,
2H), 6.96 (t, J 8.4 Hz, 1H), 7.25-7.26 (m, 3H), 7.34-7.36
(m, 2H); *C NMR (150 MHz, CDCl,) & 22.3, 20.9, 34.0,
54.0,556.72.0.110.4, 115.5. 1204, 122.0, 123.7, 127.9,
128.6, 129.0, 133.9, 134.9, 137.2, 146.0, 1482, 152.7;
HRMS [M + H?] caled. for C,,H.,O,N,: 364.20250, found:
364.20183; [M + Na'] caled. for C..H,:O.N,Na: 386.18445,
found: 386.18364: [2M + Na*] caled. for (C,,H..0,N,).Na:
749.37912; found: 749.37698.

4-(3-(2-Allyl-8-methoxyphenoxy)propyl)-1-(4-fluorobenzyl)-
1H-1,2 3-triazole (9b)

‘White solid. obtained in 71% yield (0.199 g,0.524 mmol)
from the reaction of alkyne (5) (0.170 g. 0.740 mmol),
4-fluorobenzylazide (7h) (0.151 g, 1.00 mmol), sodium
ascorbate (0.0590 g, 0.300 mmol) and CuSO,-5H,0
(0.0370 g, 0.150 mmol), Purified by silica gel column
chromatography eluted with hexane-ethyl acetate
(2:1 v '), mp46.3-48.6 °C, TLC: Rf=0.41 (hexane-cthyl
acetate 2:1 vv'"); FTIR (ATR)} v, /cm' 3108, 3055, 3002,
2050, 2885, 2836, 1643, 1598, 1608, 1467, 1432, 1383,
1344, 1275, 1216, 1170, 1054, 919, B48, 761, 665. 537,
480: '"H NMR (600 MHz, CDCI,) & 2.15 (quint. J 6.4 Hz,
2H), 2.95 (1. J 7.9 Hz, 2H), 3.39-3.40 (m. 2H), 3.80 (s,
3H). 3.98 (1, J 5.2 Hz, 2H), 5.01-5.02 (m, 2H), 548 (s,
2H), 5.80-5.99 (m, 1H), 6.78 (d, J 8.4 Hz, 2H), 6.99 (1,
J 7.6 Hz, 1H), 7.07 (t, J 8.4 Hz, 2H), 7.25-7.28 (m, 4H);
BC NMR (150 MHz, CDCl,) & 23.3, 30.0, 34.0. 53.2, 556,
72.0,110.5, 1155, 116.0(d, J22 Hz), 120.6, 122.0, 123.8,
129.8 (d, J 8 Hz), 130.8 (d. J 3 Hz), 133.9, 137.2, 146.1,
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148.3, 1527, 162.8 (d. J 247 Hz); HRMS [M + H] caled.
for C,,H,,O.NF: 38210308, found: 382.19243; [M + Na*]
caled. for C,H,,0,N;FNa: 404.17502, found: 404.17418;
[2M + Na*] caled. for (C,,H,,0,N F).Na: 785.36028, found:
785.35841.

4-(3-(2-Allyl-5-methoxyphenaxy)propyl)-1-(4-chlorobenzyl)-
1H-1,2 3-friazole (9¢)

White solid, obtained in 66% vyield (0.195 g,
0.490 mmol) from the reaction of alkyne (5) (0.170 g,
0.740 mmol). 4-chlorobenzylazide (7¢) (0.370 g,
1.00 mmol), sodium ascorbate (0.0590 g, 0.300 mmol) and
CuS0,-5H,0 (0.0370 g, 0.150 mmol). Purified by silica gel
column chromatography eluted with hexane-ethyl acetate
(2:1v "), mp37.5-38.5°C, TLC: Rf=0.44 (hexane-ethyl
acetate 2:1 v v'); FTIR (ATR) v_,, / em™ 3126, 3070,
2033, 1640, 1577, 1473, 1429, 1348, 1265, 1199, 1072,
1006, 915, 769, 657, 502; 'H NMR (600 MHz, CDCl;) &
2.12 (quint, J 6.6 Hz, 2H), 2.94 (t, J 7.2 Hz, 2H), 3.37 (d,
J 6.6 Hz, 2H), 3.78 (s. 3H), 3.96 (. J 6.0 Hz, 2H). 4.99-
5.03 (m, 2H), 5.46 (s, 2H), 5.89-5.96 (m, 1H), 6.75-6.76
(m, 2H), 6.97 (t,J 7.8 Hz, 1H). 7.18 (t. /8 4 Hz, 2H), 7.25
(s, 1H), 7.32-7.33 (m, 2H); *C NMR (150 MHz, CDCl,)
6224,300,34.1, 53.2,55.8, 72.1, 1104, 115.6, 120.7,
122.1, 123.8, 129.3, 133.5, 133.9, 134.6. 1374, 146.0,
148.7, 152.7: HRMS [M + H*] caled. for C,.H,.O,N.Cl:
308.1635, found: 398.1630; [M + Na*] caled. for
C..H,,0.N,CINa: 420.1455, found: 420.1450; [M + K*]
caled. for C,,H,,0,N,CIK: 436.1194, found: 436.1181.
[2M + H*] caled. for (C,,H,,O,N.CI),H: 7953192, found:
795.3180; [2M + Na*] caled. for (C,.H,;,0,N,Cl),Na:
§17.3012, found: 817.2085.

4-(3-(2-Allyl-6-methoxyphenoxy)propyl)-1-(4-bromobenzyl)-
1H-1,2,3-triazole (9d)

White solid, obtained in 64% yield (0.208 g,
0.471 mmol) from the reaction of the alkyne (5)
(0.170 g, 0.740 mmol). 4-bromobenzylazide (7d) (0.210g,
1.00 mmol). sodium ascorbate (0.0590 g, 0.300 mmol)
and CuS0,-5H,0 (0.0370 g, 0.150 mmol). Purified by
silica gel column chromatography eluted with hexane-
ethyl acetate (2:1 v v'), mp 46.0-49.0 °C, TLC: Rf=0.37
(hexane-ethyl acetate 2:1 v v'); FTIR (ATR) v__ / cm™!
3118, 3070, 3016, 2931, 2840, 1643, 1577, 1473, 1432,
1261, 1208, 10721010, 907, 778, 738, 656, 493. '"H NMR
(400 MHz. CDCl,) 8 2.11-2.18 (m, 2H), 2.96 (1. J 7.6 Hz,
2H), 3.39-3.40 (m, 2H), 3.80 (s, 3H), 3.98 (t. J 6.4 Hz,
2H), 5.01-5.06 (m, 2H), 5.47 (s, 2H), 5.90-6.00 (m, 1H),
6.78 (d, J 7.6 Hz, 2H). 6.99 (t. J 8.4 Hz, 1H), 7.14 (d,
J 8.4 Hz, 2H). 7.27 (s, 1H), 7.50-7.52 (m, 2H); “C NMR
(100 MHz, CDCl,) 6 223, 30.0. 34.0, 53.3, 55.7, 72.1,
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110.6, 115.6, 120.7, 122.0, 122.7, 123.7, 129.5, 1324,
133.9, 1339, 1372, 146.0, 152.8;: HRMS [M + H*] caled.
for C.,H.;O.N,Br: 442.1130, found: 442.1125; [M + Na*]
caled. for C;H,, O,N,BrNa: 464.0950, found: 464.0934;
M + K] caled. for C,;H,,0,N,BrK: 480.0689, found:
480.0681.

4-(3-(2-Allyl-6-mathoxyphenoxy)propyl)-1-(4-indobenzyl)-
1H-1,2,3-triazole (9e)

‘White solid, obtained in 93% yield (0.337 g, (1.690 mmol)
from the reaction of alkyne (5) (0.170 g, 0.740 mmol),
4-iodobenzylazide (7e) (0.191 g, 0.740 mmol), sodium
ascorbate (0.0590 g, 0.300 mmol) and CuSO,5H,0
(0.0370 g, 0.150 mmol). Purified by silica gel column
chromatosraphy eluted with hexane-ethyl acetate (2:1 v v'},
mp 57.0-58.0 °C, TLC: Rf = 0.37 (hexane-ethyl acetate
2:1 vv ) FTIR (ATR) v,/ em™' 3110, 3059, 2037, 2871,
2340, 1630, 1585, 1481, 1437, 1371, 1265, 1208, 1064,
1033, 1010, 907, 748, 647, 485: '"H NMR (400 MHz,
CDCL) 6 2.11-2.18 (m, 2H), 2.96 (t. J 7.2 Hz, 2H), 3.38-
3.40(m, 2H), 3.80(s, 3H), 3.98 (1, J 6.4 Hz, 2H), 5.01-5.06
(m, 2H). 545 (s, 2H), 5.89-5.90 (m, 1H),6.78(d, J8.2 Hz,
2H), 6.97-7.02 (m. 3H), 7.27 (s, 1H), 7.71 (d. J 8.2 Hz, 2H);
BCNMR (100 MHz, CDCl,)6 22.3,30.0, 34.0,53.4,55.7,
72.0,943,1105,115.5,120.8,122.0,123.7,129.7, 133.9,
134.6, 137.2. 1382, 146.0, 152.7; HRMS [M + H*] caled.
for C,.H.;O.N,1: 490.09915, found: 490.09891.

4-(3-(2-Allyl-6-methoxyphenoxy)propyl)-1-(4-nitrobenzyl)-
1H-1,2 3-triazole (91)

Yellow oil. obtained in 68% vield (0,205 g, 0.503 mmol)
from the reaction of alkyne (3) (0.170 g, 0.740 mmol),
4-nitrobenzylazide (7f) (0.178 g. 1.00 mmol), sodium
ascorbate (0.0590 g, 0.300 mmol) and CuSO,-5H,O
(0.0370 g, 0.150 mmol). Purified by silica gel column
chromatography eluted with hexane-ethyl acetate
(2:1 v v'), TLC: Rf=0.19 (hexane-ethyl acetate 2:1 v v'');
FTIR (ATR) v, / cm™ 3139, 3074, 2030, 2832, 1629,
1606, 1585, 1510, 1457, 1446, 1344, 1261, 1213, 1120,
1054, 910, 857, 787, 731, 651, 524; '"H NMR (400 MHz,
CDCL,) 6 2.13-2.20 (m, 2H), 2.99 (1, J 7.6 Hz, 2H), 3.39
(d, J6.4 Hz, 2H), 3.81 (s, 3H), 4.00(t. J 6.4 Hz, 2H), 5.01-
5.06 {m, 2H), 5.63 (s, 2H), 5.89-5.99 (m, 1H). 6.78 (d,
J 8.4 Hz 2H), 7.00(t, J 7.6 Hz, 1H), 7.36 (s, 1H), 7.39 (d,
J8.6Hz, 2H), 8.22 (d, J 8.6 Hz, 2H); "C NMR (100 MHz,
CDCl;) 6 224,299, 34.0, 52.9, 55.7, 72.0, 110.5, 115.6,
121.1, 122.0, 123.8, 124.2, 128.4, 133.9, 137.2, 142.1,
146.0, 148.0, 148.8, 152.7; HRMS [M + H*] caled. for
C,,H,.O,N,: 400.1876, found:; 409.1873; [M + Na*] caled.
for C,H,,O N Na: 431.1695, found: 431.1690; [M + K*]
caled. for C,H.,0,N,K: 447.1435, found: 447.1425.
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4-(3-(2-Allyl-8-methoxyphenoxy)propyl)-1-(4-methoxy-
benzyl)-1H-1,2,3-friazole (9g)

White solid, obtained in 67% yield (0.194 g.
0.495 mmol) from the reaction of alkyne (5) (0.170 g.
0.740 mmol), 4-methoxybenzylazide (7g) (0.163 g,
1.00 mmol), sodium ascorbate (00590 g, 0.300 mmol)
and CuS0,.5H,0 (0.0370 g, 0.150 mmol). Purified by
silica gel column chromatography eluted with hexane-
ethyl acetate (2:1 v v*), mp 61.7-63.0 °C, TLC: Rf=0.45
(hexane-ethyl acetate 2:1 v v'); FTIR (ATR) v__ / cm™’
3112, 3064, 3012, 2937, 2832, 1639, 1612, 1577, 1515,
1472, 1440, 1371, 1282, 1246, 1176, 1065, 1024, 1020,
810, 822, 744, 682, 555, 507, "H NMR (600 MHz, CDCl,)
& 2.11 (quint. J 6.6 Hz. 2H). 2.91 (t, J 7.8 Hz, 2H), 3.36 (d.
J 6.6 Hz, 2H). 3.77 (s. 3H). 3.80 (s. 3H). 3.95 (1.J 6.0 Hz.
2H), 4.99-5.02 (m, 2H). 5.40 (s, 2H), 5.89-5.95 (m., 1H),
6.75 (d, J 8.1 Hz, 2H), 6.88 (d. J 8.4 Hz, 2H), 6.96 (1,
J 8.1 Hz, 1H), 7.20-7.22 (m, 3H); “C NMR (150 MHz,
CDCl,) 8 22.3, 30.2, 34.0, 53.5. 55.3, 55.6. 72.1, 1104,
1144, 1156, 120.7, 122.1, 123.7, 126.9, 129.5, 134.0,
1374, 1463, 148.2, 152.7, 159.9; HRMS [M + H*] calcd.
for C,;H,,;O,N;: 3042131, found: 394.2124; [M + Na']
caled. for Cy3Hps0O;N Na: 416.1950, found: 416.1936.
M + K*] caled. for C,yH,,0,N,K: 432.1689, found:
432.1671; [2M + H*] calcd. for (C;H.,O.N,).H: T87.4183,
found: 787.4169; [2M + Na*] caled. for (C,;H,,0,N; ), Na:
800.4002, found: 809.3997.

4-(3-(2-Allyl-6-methoxyphenoxy)propylyl)-1-(4-trifluoro-
methoxybenzyl)-1H-1,2,3-triazole (9h)

Yellow oil. obtained in 51% yield (0.169 g, 0.377 mmol)
from the reaction of alkyne (3) (0.170 g, 0.740 mmol).
4-mfluoromethoxybenzylzide (7h) (0.217 g, 1.00 mmol).
sodium ascorbate (110590 g, 0.300 mmol) and CuSO,-5H,0
(0.0370 g, 0.150 mmol). Purified by silica gel column
chromatography eluted with hexane-ethyl acetate (2:1 v v'),
TLC: Rf=0.40 (hexane-ethyl acetate 2:1 v v"): FTIR (ATR)
Vo /o 3139, 1078, 2042, 2836, 1638. 1581, 1510, 1471,
1261, 1213, 1164, 1051, 1010, 914, 779, 744, 639, 608,
528: 'TH NMR (400 MHz. CDCl,) 6 2.12-2.10 (m. 2H), 2.97
(t.J 7.2 Hz, 2H). 3.39-3.40 (m. 2H). 3.80 (s. 3H). 3.99 (1.
J 6.4 Hz, 2H). 5.01-5.06 (m, 2H), 5.52 (s, 2H), 5.90-6.00
(m, 1H), 6.78(d,J 7.8 Hz, 2H}), 7.00 (t, / 7.8 Hz, 1H), 7.22-
7.24 (m, 2H), 7.28-7.30 (m, 3H); HRMS [M + H*] calcd. for
C,.H,.ONF,: 448.1848, found: 448.1843; [M + Na*] caled.
for C,,H,,0,N,F,Na: 470.1668, found: 470.1655: [M + K]
caled. for C,;H,.0.N,F.K: 486.1407, found: 486.1401;
[2M + H*] caled. for (C,,H,,0,N,F,),H: 805.3618, found:
805.3598; [2M + Na®] calcd. for (C,;H,,0,N,F;);Na:
017.3437, found: 917.3430.
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4-(3-(2-Allyl-6-mathoxyphenoxy)propyl)-1-(4-trifluoro-
methylbenzyl}-1H-1,2,3-triazole (81)

Yellow oil, obtained in 48% vield (0.154 g, 0.357 mmol)
from the reaction alkyne (3) (0.170 g, 0.740 mmol).
4-trifluoromethy lbenzylazide (7i) (0.201 g, 1.00 mmol),
sodium ascorbate (0.0390 g, 0.300 mmol) and CuSO-5H,0
(0.0370 g, 0.150 mmol). Purified by silica gel column
chromatography eluted with hexane-ethyl acetate
(2:1 v v'), TLC: Rf=0.45 (hexane-ethyl acetate 2:1 v v');
FTIR (ATR) v, / cm™ 3143, 3077, 2050, 2836, 1625,
15835, 1477. 1436, 1265, 1163, 1126, 1072, 1006, 919, 817,
752, 503, 404; HRMS [M + H*] caled. for C,,H,.O,N,F.:
432.1899, found: 432.1887; [M + Na*] caled. for
C,;H,,0.N.F.Na: 454.1718, found: 454.1703; [M + K*]
caled. for C,iH,,0.N.F.K, 470.1458, found: 470.1474;
[2M + H] caled. for (C,;H,,0,N.F,),H: 863.3720, found:
863.2698.

4-(3-(2-Allyl-6-mathoxyphenoxy)propyl)-1-(4-mathylbenzyl)-
1H-1,2,3-triazole (9])

White solid, obtained in 66% yield (0.183 g, 0.485 mmol)
from the reaction of alkyne (3) (0.170 g. 0.740 mmol),
4-methylbenzylazide (7)) (0.147 g. 1.00 mmol), sodium
ascorbate (0.0590 g, 0.300 mmol) and CuSO,-5H.0
(0.0370 g, 0.150 mmol). Purified by silica gel column
chromatography eluted with hexane-ethyl acetate (2:1 v v7),
mp 34.5-36.8 °C, TLC: Rf = 0.50 (hexane-ethyl acetate
2:1 vv'); FTIR (ATR) v, /cm' 3126, 3077. 3016, 2042,
2844, 1633, 1585, 1516, 1477, 1378, 1266, 1205, 1064,
Q8. 010, 817, 744, 659, 532, 471: '"H NMR (400 MHz,
CDCl,) 6 2.08-2.15 (m, 2H), 2.34 (s, 3H). 2.91 (t, /7.2 Hz,
2H),3.36-3.38 (m, 2H), 3.77 (s, 3H), 3.95 (1, /6.0 Hz, 2H),
4.99-5.03 (m, 2H), 5.44 (s, 2H), 5.87-5.97 (m. 1H), 6.75
(d, J 8.0 Hz, 2H), 6.96 (1, J 8.0 Hz, 1H), 7.16 (s, 4H), 7.22
(s. IH); *C NMR (100 MHz. CDCL) 6 21.3, 22.5, 30.1,
34.2, 54.0,55.8, 722, 110.7, 115.6, 120.8, 122.2, 123.9,
128.2, 1209, 132.1, 134.1, 137.5, 138.7, 146.3, 148.3,
152.9; HRMS [M + H7] caled. for C,;H..O.N,: 378.21815,
found: 378.21807; [M + Na®] caled. for C,;H,,0.N Na:
400.20010, found: 400.10962.

4-(3-(2-Allyl-6-methoxyphenoxy)propyl)-1-(4-isopropyl-
benzyl)-1H-1,2,3-triazole (9K)

White solid, obtained in 61% yield (0.184 g,
0.454 mmol) from the reaction of alkyne (3) (0.170 g.
0.740 mmol). 4-isopropylbenzylazide (Tk) (0.175 g,
1.00 mmol ), sodium ascorbate (0.0590 g, 0.300 mmeol) and
CuS0,-5H,0(0.0370 g, 0.150 mmol). Purified by silica gel
column chromatography eluted with hexane-ethyl acetate
(2:1 v v'), mp 35.5-37.0. TLC: Rf = 0.50 (hexane-ethyl
acetate 2:1 vv'); FTIR (ATR)V_ fem™ 3116, 3074, 2064,
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2875. 2835, 1646, 1581, 1477, 1388, 1265, 1205, 1064,
906, 854, 782, 752, 665, 541; 'H NMR (400 MHz, CDCL,)
8 1.23(d, J 6.8 Hz, 6H), 2.08-2.16 (m, 2H), 2.85-2.95 (m.
3H), 3.36-3.38 (m, 2H), 3.76 (s, 3H), 3.95 (1, J 6.4 Hz, 2H),
4.98-5.03 (m, 2H), 5.45 (s, 2H), 5.87-5.97 (m, 1H), 6.75 (d,
J8.0Hz. 2H), 6.96 (t,J 8.0 Hz, 1H), 7.17-7.21 (m, 4H). 7.24
(s. 1H); "C NMR (100 MHz, CDCl,) 6 22.5, 24.0, 30.1.
34,0, 342, 54.0, 55.8, 72.2, 110.7. 115.7, 120.9, 122.2,
1239, 127.3, 128.2. 1325, 134.1, 137.5, 146.3, 1483,
149.7, 152.9; HRMS [M + H*] caled. for CH3,0,N,:
40624945, found: 406.24909.

Biological assays

Mammalian cells and parasite strain

Raw 264.7 macrophages (ATCC, Gaithersburg, MD.
USA) were kept in RPMI medium (RPMI-1640. Sigma-
Aldrich, St. Louwis, MO. USA) supplemented with 10%
mactivated fetal calf serum (LGC Biotecnologia, Cotia,
SP, Brazil), penicillin (100 pg mL") (USB Corporation,
Cleveland. OH, USA) and L-glutamine (2 mmol L) (Serva
Electrophoresis & Life Science Products, Heidelberg,
Germany), pH 7.2. filtered through a 0.22 pm membrane
and incubated at 37 °C in a humid atmosphere containing
5% CO, (Forma Series 1l Water-Jacketed CO, Incubators,
Thermo Fisher Scientific, Waltham, MA, USA). The
promastigote forms of L. braziliensis - M2004-GFP (this
cell line constitutively expresses the Green Fluorescent
Protein “GFP”) were maintained in Grace’s medium
(Grace’s Insect medium, Sigma-Aldrich, St. Lows, MO,
USA)'® supplemented with 10% inactivated fetal calf
serum {LGC Biotecnologia, Cotia, SP. Brazil), penicillin
(100 pg mL") (USB Corporation, OH, USA) and
L-glutamme (2 mmol L") (Serva Electrophoresis & Life
Science Products, Heidelberg, Germany), pH 6.5, filtered
through a 0.22 ym membrane and incubated 1n a B.O.D
incubator (B.0.D 411D Incubator, New Ethics, Sio Paulo,
SP, Brazil) at 25 °C.

Dilution of eugenol analogs

The eugenol analogs were dissolved in dimethyl
sulfoxide (DMSQ) (Sigma-Aldrich, St. Louis, MO, USA)
to obtain a concentration of 10 mmol L-'. Then, these
solutions were diluted with stenilized ultrapure water to
prepare 0.30 mmol L' solutions that were stored at -20 °C
until use.

Gy‘[otoxi[:lty to mammalian cells

The evaluation of the cytotoxic action of the compounds
was performed using the resazurin method in 96 well
microplates as previously described.” Positive and
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negative controls were amphotericin B (3.125 pg mL*;
34 pmol L) (Sigma-Aldrich, St. Louis, MO, USA) and
DMSO (0.1% v v') (Neon Comercial Reagentes Analiticos
Ltda, Suzano, SP, Brazil}. respectively. The concentration
of 0.1% (v v') of DMSO in the control samples is the
same final amount of DMSO used in the assays with
eugenol analogs. The eugenol analogs were assayed at
a final concentration of 10 pmol L. The choice of this
concentration was based on the guidelines in a hit and
lead critenia in drug discovery for infectious diseases.' For
the cytotoxic concentration at 50% (CC,;) determination
assay, the compounds were tested at concentrations of 300,
270, 240, 210, 180, 80, 40, 30,20, 10, 5, 2.5, and 1 pmol L.
Experiments were performed independently at least 3 times
in quadruplicates. GraphPad Prism version 6 was used for
eugenol analogs CC;, determination.

Macrophage infection assay

The macrophage nfection assays were performed
using a previously described methodology based on
L. braziliensis-M2904-GFP."® All eugenol analogs were
tested at 10 pmol L, based on the guidelines in a hit and
lead enteria in drug discovery for infectious diseases and
the best compounds were used for determination of the
effective concentration at 50% (EC.)." The EC,, was

J. Braz. Chem. Sac.

determined using the concentrations: 80, 40, 30, 20, 10,
5, 2.5, and | pmol L', according to the percentage of live
cells after screening at 10 pmol L. Positive and negative
controls were amphotericin B 3.125 pg mL" (3.4 ymol L'}
and 0.1% (v v') DMSO, respectively. Expenments were
performed independently at least 3 times in quadruplicates.
GraphPad Prism version 6* was used for eugenol analogs
EC,, determination.

Selectivity index
The selectivity indexes (SI) were calculated as the
ratio obtained on raw macrophages/L. braziliensis values

(CC./EC,y).
Results and Discussion

The transformations used to synthesize the eugenol
analogs 8a-8k and Ya-9k are depicted in Schemes [ and 2.
As shown in Scheme 1, the preparation of terminal alkynes
4 and 6 started with alkvlation of guaiacol (1), using allyl
bromide, affording compound 2 1n 93% yield. Then. the
sigmatropic Claisen rearrangement” was conducted with
compound 2 and gave orthe eugenol (3) in 82% yield.
Subsequently, the alkylation of 3 with propargyl bromide or
mesilate 5 provided compounds 4 (73% yield) and 6 (33%

OCH3 iy tetrabutyl ammonium bromide _ PCHs
NaOH 35%, foluene, 0 °C 7%
—0OH ) 0
= =
) s @
Guaiacol 3%
Claisen rearrangement,
200°C
OCH;g OCH,
R (i) tetrabutyl ammanium bromide i
_ 0TSy NaOH 36%, toluene, 0 °C oH
ar 82%
7% N U @

)

Scheme 1. Steps involved in the preparation of alkynes 4 and 6.

(i) tetrabutyl ammanium bromide
NaQH 35%, taluene, 0 °C

W 4}/,\; OMs

OCH;3
7N GW
53% \
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Scheme 2. CuA AC reaction involved in the preparation of eugenol analogs
8a-8k and 9a-9k.

yield), respectively. The preparation of mesylate 5 has been
previously described.” The alkylation procedures were
carried out using the phase transfer catalysis approach,®**
which gave the alkylated compounds with satisfactory yields.

The compounds 4 and 6 were submitted to the
copperiI)-catalyzed alkyne-azide cycloaddition (CuAAC)
reaction”™* with different benzyl azides (Scheme 2)
affording the engenol analogs 8a-8k and Ya-Yk with yields
ranging from 48 to 93%. In general, the reactions lasted
about two hours. The benzyl azides Ta-7k were prepared
according to the previous published procedure.”” They
were chosen since their employment in the preparation of
1.2.3-triazole derived from eugenol afforded compounds
with leishmanicidal activity.™

All eugenol analogs 8a-8k and Ya-9k were charactenzed
by 'H and C NMR, FTIR, and high-resolution mass

140+
120
100+
80
60

Survival
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spectrometry. In "H NMR spectra, the signals for hydrogens
present in the triazole ring were observed within the range
of 7.20-7.63 ppm. Allylic hydrogens were observed as
doublets, while hydrogen atoms of the methylene groups
bound to nitrogen or oxygen were observed as singlets in
the '"H NMR spectra. In IR spectra, the expected bands
for the functional groups were observed. The molecular
formulas of eugenol analogs were confirmed by high-
resolution mass spectrometry analyses.

Once prepared. the compounds 8a-8k and Ya-9k were
submitted to biological assays to evaluate their toxicity
to macrophages and antileishmanial activity against
L. braziliensts during in vitro infection of macrophages.

Macrophages are the main mammalian host cells
of Leishmania and so they are used in the evaluation
of in vitro infection assays with L. braziliensis.™ To
be used in infection assays, all the eugenol analogs
with 1.2.3-triazole fragments were previously tested at
10 pmol L' to evaluate their cytotoxicity on macrophages.
The results are shown as survival rates after 48 h of
treatment with the compounds (Figure 2). Amphotericin B
was used as an anti-leishmanial control drug and
DMSO was used as a negative control. As expected, the
amphotericin B (3.125 pg mL"; 3.4 pmol L") and the
negative control (0.1% v v DMSO) were not significantly
toxic to macrophages. In addition, none of the twenty-
two compounds tested were significantly cytotoxic to
macrophages at 10 pmol L' concentration.

Amastigotes are the parasitic forms that persist in the host
and are responsible for the symptoms caused by the disease.
Therefore. this should be the main chemotherapeutic target
in in vitro studies of new leishmanicidal agents.” Based on
that, all compounds were evaluated against L. braziliensis
amastigotes in in vitro macrophage infection. Figure 3
shows the parasite’s survival rate after 48 h of treatment

with the compounds.

efoawmﬂévémﬁé‘éﬁ##@qﬁée*qﬁ@e%'%\e;*
L

Figure 2. Effect of the compounds against macrophages Raw 264.7 compared to amphotericin B. Cells were trested with 10 pmol L' of the compounds
for 48 h. The data are representative of the mean and the standard deviation of at least three independent experiments that were performed with internal
quadruplicates. The amphotericin B (AmB) bar (positive control) represents cells treated with amphotericin B (3.125 pyg mL"'; 3.4 pmol L) and the
dimethyl sulfoxide (DMSO) bar (negative control) represents cells treated with DMSO at the same concentration used in the dilution of compounds. The
data were subjected to one-way analysis of vanance (ANOVA) followed by Tukey test using GraphPad Prism version 6. The asterisks mean the statistical

difference (p < (.05) between the treatment and the AmB.
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Figure }. Effect of the eugenol analogue compounds against intracellular
amastigotes of Leishmania braziliensis. Cells were treated with
10 pmaol L of the compounds for 48 b following the L. brazifiensis-GFP
infection assay methodology previously described.™ The data represent the
mean and standard deviation of at least three independent experiments. The
data were subjected Lo one-way analysis of vanance (ANOWVA) followed by
Tukey test using GraphPad Prism version 6. The astensks mean statistical
difference with p < 0.03. The asterisks mean the difference between the
treatment and the dimethy] sulfoxide (DMSO).

As can be seen, the compounds 8¢ and 8h showed a
significant leishmanicidal effect, 8¢ (33%) and 8h (277%).

Since compounds 8¢ and 8h were non-toxic to
macrophages and displayed the most significant
leishmanicidal effect vpon L. braziliensis intracellular
amastigotes, they were selected to be used in further
assays. Thus, the CC,; was determined for macrophage
and the EC.; was determined against Leishmania
intracellular amastigote for both compounds (Table 1). For
macrophages, the CC,, of 8¢ was 274.5 pmol L' and of
8h higher than 300 pmol L, respectively. The EC,, were
28.00 and 52.3 pmol L, respectively (Tablel ).

The selectivity index (S1) is an indication of how much
a compound is most effective against the parasite over the
host mammalian cells. The higher the SI, the more selective

Tahle 1. Effective concentration at 50% (ECs,) and cytotoxic eoncentration
at 50% (CC,,) for the selected compounds 8c and 8h o L. braziliensis
intracellular amastigotes and for macrophages

ECy L. braziliensiy

C d CC,, M@/ amastigoles Selectivity
ompoun (pmol L) (infection assay) / index (SI)
(pmol L)
Be 2745 28.00 9.7
8h =300 52.03 =57

The eytotoxic concentration at 50% (CC,) and effective concentration at
50% (EC.y) were determined after 48 h by resarurin assay to macrophages
and by GFP fluorescence methodology 1o the infection assay.™ GraphPad
Prism version 6 was used for compounds CC., and EC,, performing a
nonlinesr fitting and data representing the median and standard deviation
of at least two independent assays with intemal quadruplicates for each
of them. M@: macrophages. Selective index (81) = CCy, (M@NVEC,,
(L. braziliensis amastigotes).

J. Braz. Chem. Soc.

the drug is on the parasite and less toxic to mammalian
cells. For 8¢ and 8h, the S1 were 9.7 and greater than 5.7,
respectively (Table 1).

As quoted above, the objective of this investigation was
to continue exploring the eugenol/1,2.3-tnazole scaffold
towards the discovery of new potential antileishmanial
agents. Previously, our research group demonstrated the
leishmanicidal activity of eugenol derivatives bearing
1,2.3-triazole, showing that these compounds represent
a scaffold that can be explored for the development of
new agents for the treatment of leishmaniasis.”** In this
regard, the preparation of ortho eugenol, a constitutional
1somer of eugenol, gave us the opportunity to evaluate
new compounds within the aforementioned scaffold.
Ortho eugenol was linked to 1,2,3-triazole functionality
affording new engenol analogs. The 1,2 3-tnazoles are
heterocycles that have attracted great scientific interest
because they have a wide field of applications, including in
medicinal chemistry. There are several biological activities
reported for 1.2 3-tnazole derivatives,** among them the
leishmanicidal activity.® The activity of the 1.2.3-triazole
nucleus against Leishmania parasites has been compared to
other trypanocidal sterols. such as azasterols, which have
been synthesized as inhibitors of sterol methyltransferase,
an enzyme that has been validated as a target for
leishmanicidal and trypanocidal drugs *+*

Among the twenty-two synthesized compounds.
we identified the compounds 4-((2-allyl-6-methoxy)
phenoxymethyl}-1-(4-chlorobenzyl)-1H-1.2,3-triazole (8¢)
and 4-((2-allyl-6-methoxy)phenoxymethyl}- 1 -{4-trifluoro-
methoxybenzyl)-1H-1,2 3-tnazole (8h) as the most actives.
They present as a common feature the presence of an
electron-withdrawing group attached to the para position
of the benzyl ring. In addition, they displayed low toxicity
to macrophages and selective index values that showed
that the compounds are more toxic to the parasite than to
mammalian cells, These are important features considering
the research and development of new antileishmanial
agents.

Conclusions

By using a four-step synthetic route, it was possible
to synthesize twenty-two new eugenol analogs, which
had their structures firmly confirmed. The evaluation of
these compounds against L. braziliensis, which is the main
species related with tegumentary leishmaniasis in the New
World, revealed that they are not cytotoxic on macrophages.
Besides, it was found two compounds that present
significant activity and selectivity against amastigote
forms of L. braziliensts. The data described in the present
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investigation point to the fact that these eugenol analogs are
promising leishmanicidal candidates against L. braziliensis
and may represent a starting point for further development
of alternative treatments for Cutaneous Leishmaniasis.

Supplementary Information

Supplementary information (spectroscopic data of
eugenol analogs) is available free of charge at http://
Jbes.sbg.org.br as PDF file.

Acknowledgments

We are grateful to Coordenaciio de Aperfeicoamento de
Pessoal de Nivel superior (CAPES), Fundagio de Amparo
4 Pesquisa do Estado de Minas Gerais (FAPEMIG. Grant
Number APQ-02957-17), and Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (CNPq) for
JLRF fellowship 306140/2021-7.

Author Contributions

Roberta 5. Evangelista was responsible for data curation, investigation,
validation. writing oniginal draft, writing-review and editing; Larissa C.
Pereira for data curation, investigation, validation, writing-review and
editing; Luciana A. de Souza for data curation, investigation, validation,
writing original draft, writing-review and editing: Adilson V. Costa for
investigation. validation, visualization, writing-review and editing:
Danilo A. da Silva for data curation, investigation, validation, writing
original draft, writing-review and editing: Fabricio M. de Oliveira:
investigation. validation, visualization, writing-review and editing:
Boniek G. Vaz for data curation, investigation, validation, visualization,
writing-review and editing; Gustavo C. Bressan for data curation,
investigation, validation, writing-review and editing:; Juliana L. R. Fietto
for data curation, investigation, validation, writing-review and editing;
Rabson R. Teixeira for conceptualization, data curation, formal analysis
funding acquisition, investigation, project administration, validation,
visualization, wriling original drafi, wriling-review and editing,

References

1. Burza, 5.; Croft, 5. L; Boelsert, M.; Lancer 2018, 392, 051,
[Crossref]

. Serafim, T. D.; Coutinho-Abrew. 1. V.; Dey. R.; Kissinger, R.:
Valenzuela, J. G.: Oliveira, F.; Kamhawi. S.; Treads Parasitol.
2021, 37. 976. [Crossref]

3. Kobets, T.: Grekov, L: Lipoldovd, M.; Curr: Med. Chem. 2012,

19, 1443, [Crossref]
4, Ashford, R. W.: Int. J. Parasiiol. 2000, 30, 1269, [Crossref]
5. Feasey, N.: Wansbrough-Jones. M.: Mabey. D. C. W.: Solomon.
A, W.; Br Med. Bull. 2010, 93, 179. [Crossref]

-2

Evangelista er al.

16.

7.

18,

19.

20.

21.

22,

]
L

25.

106

1823

. Pan American Heall Organization, hitps:J//www.paho.org/en/

topics/leishmaniasis, accessed in May 2023,

. Frézard, F.: Demicheli, C.; Ribeiro, R. R.; Molecules 2009, 14,
2317, [Crossref]
. Haldar. A. K.; Sen, P.: Roy, S.: Mol. Biol. Intern. 2011, 2041,

571242, [Crossref]

. Wiwanitkit, V.; Ther Clin. Risk Manage. 2012, 8, 323, [Crossref]
. Lindoso, J. A. L.: Costa. J. M. L.; Queiroz, 1. T.; Goto. H.; Res.

Rep. Trop. Med. 2012, 3, 69. [Crossref]

. Rocha, L. G.: Almeida, J. R.G. 8.: Macédo, R. O.; Barbosa-Filho,

1. M.; Plvtomedicine 2005, 12, 514. [Crossref]

. Gervazoni. L. E O.;: Barcellos, G. B.; Ferreira-Paes, T.;

Almeida-Amaral, E. E.; Froni. Chem. 2020, 8, 57989 1. [Crossref]

. Kamatou, G. P; Vermaak, 1: Viljoen, A. M.; Molecules 2012,

17,6953, [Crossref]

. Kaufman, T. S.; J. Braz. Chem. Soc. 2015, 26, 1055. [Crossref]
. Teixeira. R. R.; Gazolla, P. A. R.; Silva. A. M_: Borsodi. M. P.

G.; Bergmann, B. R.; Ferreir, R. 5.: Vaz. B. G.: Vasconcelos, G.
AL Lima, W. P Fur J. Med. Chem. 2018, 146, 274, [Crossref]
Perrin, D. D.; Armarego, W. L. E: Purification of Laboratory
Chemicals. 3" ed.: Pergamon: Oxford, UK., 1988.

Borgati. T. F.: Alves, R. B.: Teixeira, R. R.: de Freitas, R. P
Perdigio, T. G.: da Silva. 5. F.: dos Santos. A. P.: Bastidas, A.
L. L Braz. Chem. Soc. 2013, 24, 953, [Crossref]

Bastos, M. S.: de Souza. L. A Onofre, T. 5.: Silva-Jinior. A
de Almeida. M. R.; Bressan, G. C.; Fielto, 1. L. R.; Mem. Insi.
Oswalde Cruz 2017, {12, 155, [Crossref]

Katsuno, K.; Burrows, J. N.; Duncan, K_; Hooft van
Huijsduijnen. R.: Kaneko, T.: Kita, K.: Mowbray, C. E.;
Schmatz, D.: Warner, P.; Slingsby, B. T.: Nat. Rev. Drug
Discovery 2015, 14, 751. [Crossref]

GraphPad Prism, version 6.0; GraphPad Software Inc., San
Diego, California, USA, 2012,

Freitas, J. J. R_; Avelino, R. A_; Mata, M. M. 5_; Santos, C. S
Almeida, C. L. A.; Freitas, J. C. R.; Freitas Filho, J. R.; Rev.
Virtual Quim. 2007, 9, 1597. [Crossref]

Lucchese, A. M.; Marrorati, L.; Quim. Nova 2000, 23, 641,
[Crossref]

. Lima, A. M. A_; Teixeira, R. R.; da Silva, B. F; Siqueira, R. P;

da Silva, . E. P: Santos, E. G.; Fernandes, M. C.; Gongalves,
V. H. S.; Bressan, G: C.; Mendes, T. A. O.; de Paula. 5. O
Costa, A V. C.; dos Santos, M. H.; Quim. Nova 2019, 42, 473,

|Crossref]

. de Sousa, 5. M.: Teixeira. R. R.: Costa. A. V.: de Aguiar, A. R.:

Fonseca, V. R.; Lacerda Jr.. V.; Romao, W.: Oliveira. L. A. M.:
Ribeiro. I. M. L.: Nogoeira, K. O. P C.; do Nascimento, C. I.;
Junker, J.; Quim. Nova 2021, 44, 1268, [Crossref]

Kolb. H. C.: Finn. M. G.: Sharpless, K. B.: Angew. Chem., Inl.
Ed. 2001, 40, 2004, [Crossrel]

. Rostovtsev, V. V.: Green. L. G.: Fokin V. V.; Sharpless K. B.:

Angew. Chem., Int. Ed. 2002, 41, 2596, [Crossiref]



1824

i1

Synthesis and Evaluation of the Antileishmanial Activity of Novel Engenol Analogs

. Tornde, C. W.: Christensen. C.; Meldal, M.; L. Org. Chem. 2042,

67, 3057, [Crossref]

. Singh. M. 8.; Chowdhury. S.; Koley, 8.: Tetrahedron 2006, 72,

5257, |Crossref]

. Meldal. M.; Diness, F.; Trends Chem. 2020, 2_ 569. [Crossref]
. Tomiotto-Pellissier. F.; Bortoleti, B. T. D. 8.; Assolini, J. P;

Gongalves, M. D.; Carlow, A. C. M.: Miranda-Sapla, M. M.;
Conchon-Costa, 1.: Bordignon, 1.; Pavanelli, W. R.: Front
Immunol. 2018, 9, 2529, [Crossref]

de Morais, 5. M.; Vila-Nova, N. 8.; Bevilagua, C. M. L;
Rondon. F. C.: Lobo, C. H.: Moura, A. A. A N Sales. A, D
Rodrigues. A. P. R.; de Figoereido, 1. R.; Campello, C. C.;
Wilson, M. E.: de Andrade Jr.. H. F:: Bioorg. Med. Chem. 2014,
22, 6250, [Crossref]

. Teixeira, R. R.: Gazolla, P. A. R.: Borsodi, M. P. G.: Ferreira. M.

M. C_; Costa. M. C. A.; Costa. A. V.; Grijo, B. C. A.; Bergmann,
B.R.; Lima, W. P Exp. Parasitol. 2022, 238, 108269, [Crossref]

. Dheer, D.; Singh, V.; Shankar. R.: Bisorg. Chem. 2007, 71, 30,

[Crossref]

. Bozorov. K_; Zhao, J.; Aisa, H. A.; Bisarg. Med. Chem. 2019,

27,3511 [Crossref]

. Tron, G. C.; Pirali, T.; Billington, R. A.; Canonico, P. L.; Sorba,

G.; Genazzani, A. A.; Med. Res. Rev. 2008, 28, 278. [Crossref]

. Zhang, B.; Fur J. Med. Chem, 2019, 168, 357. [Crossref]

37.

38.

39.

45,

J. Braz. Chem. Soc.

Agalave, 5. G.: Maujan, 8. R.: Pore, V. 8.; Chem. Asian J. 2011,
6, 2696, [Crossref]

Kabi. A. K.; Sravani, 8.; Gujjarappa, R.; Garg, A.: Yodnala,
N.; Tyagi, U.; Kaldhi, I.; Singh, V.; Gupta, 5.; Malakar, C. C.
In Nanostructured Biomaterials; Swain, B. P, ed.; Springer
Nature: Singapore, 2022, ch. 11.

Jiang, X.; Hao, X.; Jing. L.; Wu, G.; Kang. D.; Liu, X.; Zhan,
P.: Expert Opin. Drug Discovery 2019, 14, 779, [Crossref]

. Alam, M. M.: Arch. Pharm. 2021, 355, e2100158. [Crossref]
. Xu, Z.; Zhao. 8.-J; Liu, Y.; Eur J. Med. Chem. 219, 153,

111700, [Crossref]

. Foreri, L. 5. M_; Lima, C. G. 5.; Amaral, A. A. P; Ferreira, P.

G.; Spuza, M. C. B. V.; Cunha, A. C.; da Silva. F. C.; Ferreira.
V. E; Chem. Rec. 2021, 21, 2782, [Crossref]

. Razzaghi-Asl, N_: Sepehn. 5.: Ebadi. A.: Nejatkhan, N.: Johari-

Ahar, M.; Mol. Diversity 2020, 24, 525. [Crossref]

. Ferreira, 8. B.; Costa, M. 5.; Boechat, N.; Bererra, R. J. 5_;

Genestra, M. 5.; Canto-Cavalheiro. M. M.; Kover, W. B.;
Ferreira, V. E: Eur. J. Med. Chem. 2007, 42, 1388, [Crossref]
Porta, E. 1. 1.; Carvalho, P. B.; Avery, M. A.; Tekwani, B. L.;
Labadie, G. R.: Steroids 2014, 79, 28. [Crossref]

Submitted: March 4, 2023
Published online: May 12, 2023

This is an open-access article distributed under the terms of the Creative Commans Attribution License:
[

107




108

CONSIDERAGOES FINAIS E PERSPECTIVAS

Embora o presente estudo tenha avangado com relacdo a sintese e a avaliagao
da atividade antileishmanial de derivados do eugenol, ha ainda oportunidades para
ampliar nosso entendimento e maximizar o potencial terapéutico desses compostos.
Para alcangcar uma caracterizacdo completa e detalhada de todos os compostos
elaborados, é fundamental adquirir mais dados espectroscdpicos e espectrométricos.
Além disso, para os derivados diidroxilados do eugenol contendo fragmentos 1,2,3-
triazolicos, planeja-se realizar um estudo de citometria de fluxo, microscopia
eletrdnica, dosagem de 6xido nitrico e de citocinas para avaliagdo da resposta imune
Th1 ou Th2. Este estudo visa avaliar como os compostos mais ativos 3e e 3h
interferem nos parasitos de Leishmania braziliensis, causador da leishmaniose
tegumentar. A citometria de fluxo proporcionara insights valiosos sobre os
mecanismos de acao dos compostos e sua capacidade de combater a infeccédo
parasitaria. Essas investigacbes adicionais sdo essenciais para aprimorar nossa
compreensao das propriedades farmacolégicas dos derivados do eugenol e para
identificar candidatos promissores para o desenvolvimento de novos agentes
leishmanicidas. Ao explorar o scaffold eugenol/1,2,3-triazol, espera-se nao apenas
contribuir para a expansao do arsenal terapéutico contra a leishmaniose tegumentar,
mas também fornecer uma base sélida para o desenvolvimento de tratamentos

alternativos eficazes e acessiveis para essa doenga debilitante.
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ANEXO A - ESPECTROS
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Figura 1A — Espectro no infravermelho (ATR) do composto 3a.
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Figura 2A - Espectro de RMN de 'H (400 MHz, CD30D) do composto 3a.
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Figura 3A — Espectro de RMN de '3C (100 MHz, CD30D) do composto 3a.
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Figura 4A — Espectro no infravermelho (ATR) do composto 3b.
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Figura 5A - Espectro de RMN de 'H (400 MHz, CD30OD) do composto 3b.
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Figura 6A — Espectro de RMN de '3C (100 MHz, CD30D) do composto 3b.
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Figura 7A — Espectro no infravermelho (ATR) do composto 3d.
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Figura 8A - Espectro de RMN de 'H (400 MHz, CDCI3) do composto 3d.
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Figura 9A — Espectro de RMN de '3C (100 MHz, CDCI3) do composto 3d.
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Figura 10A — Espectro no infravermelho (ATR) do composto 3e.
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Figura 11A - Espectro de RMN de 'H (400 MHz, CDCIs) do composto 3e.
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Figura 12A — Espectro de RMN de 'C (100 MHz, CDCls) do composto 3e.
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Figura 13A — Espectro no infravermelho (ATR) do composto 3f.
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Figura 14A - Espectro de RMN de 'H (600 MHz, CD30OD) do composto 3f.
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Figura 15A — Espectro de RMN de '°C (150 MHz, CDsOD) do composto 3f.
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Figura 16A — Espectro no infravermelho (ATR) do composto 3g.
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Figura 17A - Espectro de RMN de 'H (400 MHz, CDCls) do composto 3g.
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Figura 18A — Espectro de RMN de 3C (100 MHz, CDCIs) do composto 3g.
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Figura 19A — Espectro no infravermelho (ATR) do composto 3h.
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Figura 20A - Espectro de RMN de 'H (200 MHz, CD30D) do composto 3h.
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Figura 21A — Espectro de RMN de 3C (50 MHz, CD30OD) do composto 3h.
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Figura 22A — Espectro de RMN de 'H (300 MHz, DMSO-ds) do composto 3i.
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Figura 23A - Espectro de RMN de 'H (75 MHz, DMSO-ds) do composto 3i.
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Figura 24A — Espectro de RMN de 'H (300 MHz, DMSO-ds) do composto 3;j.
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Figura 25A — Espectro de RMN de '3C (75 MHz, DMSO-ds) do composto 3j.
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Figura 26A — Espectro de RMN de 'H (300 MHz, DMSO-ds) do composto 3k.
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Figura 27A — Espectro de RMN de '3C (75 MHz, DMSO-ds) do composto 3k.
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Figura 28A — Espectro de RMN de 'H (300 MHz, DMSO-ds) do composto 3.
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Figura 29A — Espectro de RMN de 3C (75 MHz, DMSO-ds) do composto 3.
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Figura 30A — Espectro de RMN de 'H (300 MHz, DMSO-ds) do composto 3m.
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Figura 31A — Espectro de RMN de '3C (75 MHz, DMSO-ds) do composto 3m.
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Figura 32A — Espectro de RMN de 'H (300 MHz, DMSO-ds) do composto 3n.
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Figura 33A — Espectro de RMN de 3C (75 MHz, DMSO-ds) do composto 3n.
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Figura 34A — Espectro de RMN de 'H (300 MHz, DMSO-ds) do composto 30.
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Figura 35A — Espectro de RMN de 3C (75 MHz, DMSO-ds) do composto 30.
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Figura 36A — Espectro de RMN de 'H (300 MHz, DMSO-ds) do composto 3q.
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Figura 37A — Espectro de RMN de 3C (75 MHz, DMSO-ds) do composto 3q.
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Figura 38A — Espectro de RMN de 'H (300 MHz, DMSO-ds) do composto 3r.

GE9T~,
959z~

ovL'e—

92T G~
Syes

8208 —

1198 —

1clL'8—

8168 —

6596°€ —

€0V —
161y —
8eTH

S9T ¥\
¥8Z' v —
oLy~
S 22N
omw.vw
9SGt

wow.v\

H-10

H-2'/H-6'

N
~E
Q
=
o
<
18z
© /-H = .
e FseL
#00 Ngz
80
L0
L0
HO == o900
T
o (=]
. ~
I =+
(]
O i
- kest
o 880
I
b
n
o
~Fsz0
©
< | ©
" — © ©
Sm O v _
E 1899~ 1 L6
< ® ~ Fsg0
= 90,9— I F©E .
s preo
~ 0=
© (S
£z89— 2 ©
[}
F o
(=)
Od. o
s

30 25 20 15 10 05

3.5

50 45 40

1 (ppm)

70 65 6.0 55

7.5

90 85 80

9.5

10.0

Fonte - Elaborada pela propria autora.



159

Figura 39A — Espectro de RMN de '3C (75 MHz, DMSO-ds) do composto 3r.
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Abstract

In modern agriculture, farmers continuously face a battle to increase quality and productivity of crops. The opti-
mization of agricultur efficiency demands, along with other requirements, the application of chemical crop pro-
tection agents (pesticides) to control a variety of pests, such weeds, insects, and fungi. Nowadays, there are several
available pesticides that help farmers to keep under control a myriad of pests. However, the use of pesticides
typically results in the development of species resistance to them. Moreover, increasing public concern with regard
to environmental pollution deriving from agricultural practice strictly requires that pesticides would be endowed
with low recalcitrance, and thus may be rapidly mineralized by the soil microflora. Low toxicity to mammals, high
specificity, low application rates, and fast soilborne microorganism degradation are thus important characteristics
sought in the development of new pesticides. In the search and development of new pesticides, researchers have
prepared compounds containing the 1,2,3-triazole functionality and investigated their potential as agrochemicals.
This book chapter will focus on the developments that have been reported concerning the bioactivities of 1,2,3-
triazole in the agrochemistry field. Compounds presenting phytotoxic, insecticide, and fungicide activities will be
covered. Results regarding the fungicide activity of 1,2,3-triazole based compounds from our research group will
be described. In addition, the synthetic steps involved in the preparation of the bioactive 1,2,3-triazoles will be
discussed.
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Introduction

The world population reached 8 billion people on 15w November 2022, having grown by 1 billion since 2010.
It is projected that the population will surpass 9 billion around 2037 and 10 billion around 2058 (UN DESA,
2022).

The increase in world population poses several challenges to be faced by humanity, including scar-
city of water, environmental degradation, adequate education, housing, and an increase in food production
(United Nations, 2022a).

Food production needs to double by 2050 to feed an ever-increasing world population (United Nati-
ons, 2022b; Dijk et al., 2021). In this regard, productivity in agriculture must be increased which, among
other necessities, requires the control of several pests. The most common strategy used in this regard corres-
ponds to the employment of chemical agents collectively called pesticides. Herbicides (for the control of
weeds) (Krimer and Shimer, 2007a), fungicides (that control fungi) (Krdmer and Shimer, 2007b), and insec-
ticides (that control insects) (Kramer and Shimer, 2007c) are the most consumed pesticides around the world
(Phillips, 2020).

Nowadays, several available pesticides help farmers to keep control of a myriad of pests (Chio and
Li, 2022). However, the use of pesticides typically results in the development of species resistant to them
(HRAC, 2023; IRAC, 2023; FRAC, 2023). Moreover, increasing public concern about environmental pollu-
tion deriving from agricultural practice strictly requires that pesticides would be endowed with low recalci-
trance, and thus may be rapidly mineralized by the soil microflora. Low toxicity to mammals, high specificity,
low application rates, and fast soilborne microorganism degradation are thus important characteristics in the
development of new pesticides. All these facts demonstrate that there is a demand for the development of
new pesticides (Sparks and Lorsbach, 2017; Sparks et al., 2018).

In the search and development of new pesticides, researchers have prepared compounds containing
the 1,2,3-triazole functionality and investigated their potential as agrochemicals. This book chapter will focus
on the developments that have been reported concerning the bioactivities of 1,2,3-triazoles containing com-
pounds in the agrochemistry field.

1,2,3-Triazoles

The five-membered ring heterocyclic compounds containing three nitrogen atoms are termed triazo-
les. There are two isomeric forms of triazoles: 1,2,3-triazole and 1,2,4-triazole (Figure 1).

H S
(e s
4—N3 4N —/3

1,2,3-triazole 1,2,4-triazole

Figurel. Structuresof1,2,3-and1,2,4-triazolerings.

Considering the 1,2,3-triazoles, they present aromatic character and remarkable stability under
hydrolytic, oxidative, or reductive conditions. They are also stable towards enzymatic degradation. Besides,
the 1,2,3-triazoles are capable of establishing hydrogen bonds and dipole-dipole interactions with biological
receptors, mimics the amide group, and presents high dipole moment (Ali, 2021). All these features make
this ring attractive to be employed in the research of new bioactive compounds. Numerous medicinal attri-
butes have been described for compounds bearing this type of heterocyclic ring (Dheer, Singh, and Shankar,
2017; Bozorov, Zhao, and Aisa, 2019; Tron et al., 2008; Zhang, 2019; Agalave, Maujan, and Pore, 2011;
Jiang et al., 2019; Ali, 2021; da Silva et al., 2014; Alam, 2021; Xu, Zhao, and Liu, 2019; Forezzi et al., 2021;
Razzaghi-Asl et al., 2020). Several drugs utilized nowadays in the clinical present the 1,2,3-triazole ring in
their structures (Figure 2).
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Figure 2. Structures of commercial drugs containing 1,2,3-triazole rings. The 1,2,3- triazole moiety is highlighted in red.

In addition to pharmaceuticals, the 1,2,3-triazoles have found applications in several fields such as
organic synthesis, polymer, supramolecular, and carbohydrate chemistry, and material science (Liang and
Astruc, 2011; Sykam, Donempudi, and Basak, 2022; Moses and Moorhouse, 2007; Kuswaha et al., 2013; Xi
et al., 2014; Nandiva, Jiang, and Lahann, 2007).

® G I:‘%I’S 2N’3r"|

_ o - 2 -
R'—N=N=N + =R? Seere N N
hours or days R 1 5 R 15R2

Mixture of products
Figure 3. Husgein cycloaddition reaction.

From the preparation standpoint, there are several available methodologies to synthesize 1,2,3-
triazoles (Aswar, 2014; Haldén, Nicasio, and Pérez, 2015; Ali, 2021; Dai et al., 2022). However, the most
widely used methodology is the 1,3-dipolar cycloaddition reaction between alkynes and azides.

This transformation was discovered by Husgein and collaborators in 1960 (Heravi et al., 2016; Breugst and
Reissig, 2020). They reported that the thermal reaction between a terminal alkyne and an organic azide af-
forded 1,2,3-triazoles (Figure 3).

This reaction presented several drawbacks such as long reaction times, the necessity of high tempe-
ratures for its occurrence, and the formation of regioisomers (1,4- and 1,5-disubstituted 1,2,3-triazoles) as
shown in Figure 3.

Independent investigations conducted by the research groups of Sharpless (Rostovtsev et al., 2002)
and Meldal (Tornge, Christensen, and Meldal, 2002) demonstrated that the presence of copper(I) species in
the reaction media not only accelerate the cycloaddition but also afforded exclusively the 1,4-disubstituted-
1,2,3-triazole (Figure 4). Since then, this reaction has been called the copper(I)-catalyzed alkyne-azide cyclo-
addition reaction (CuAAC reaction).

1 2
R\ .-—"N
° © ., _Cu N “W 3
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4
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Figure 4. General scheme for the CuAAC reaction.
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It should be mentioned that in 2001, Sharpless and co-workers published a paper introducing the
concept of click chemistry reaction. They defined a series of criteria that a reaction has to meet to be consi-
dered a click process.

“The reaction must be modular, wide in scope, give very high yields, generate only inoffensive
byproducts that can be removed by nonchromatographic methods, and be stereospecific (but not necessarily
enantioselective). The required process characteristics include simple reaction conditions (ideally, the pro-
cess should be insensitive to oxygen and water), readily available starting materials and reagents, the use of
no solvent or a solvent that is benign (such as water) or easily removed, and simple product isolation. Puri-
fication -if required -must be by nonchromatographic methods, such as crystallization or distillation, and
the product must be stable under physiological conditions.” (Kolb, Finn, and Sharpless, 2001). TheCuAAC
reaction is one of the best examples of processes that meet the clickreaction criteria. Therefore, the CtAAC
reaction has also been called the clickreaction.

In Figure 5, it is shown the catalytic cycle of the CuAAC reaction (Meldal and Tornge, 2008).
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Figure 5. Catalytic cycle of CuAAC reaction.

The first step involves the coordination of terminal alkyne (I) with Cu(I) species to give the complex
(II). This coordination decreases the pKa of the terminal alkyne from 26 to approximately 9, which facilitates
the removal of a proton from species (II). Coordination of a second Cu(I) species gives rise to complex (III)
which, in turn, coordinates with azide affording the complex (IV). From the dicopper species (IV) there is
the first C-N bond formation in a six-membered metallacycle (V). Then, an intramolecular C-N bond forma-
tion yields the triazolyl-Cu(I) intermediate and dissociation of one of the two coppers lead to the formation
of (VI). In the last step of the catalytic cycle, a proton release affords the 1,2,3-triazole-1,4-disubstituted and
the regeneration of Cu(I) species.

The CuAAC reaction is affected by several factors including Cu(I) source, ligands on Cu(l) catalyst,
and reactivity of alkyne and azide substrates (Halddn, Nicasio, and Pérez, 2015; Meldal and Tornge, 2008,
Singh, Chowdhury, and Koley, 2016; Freitas et al., 2011).

As quoted above, the 1,2,3-triazoles have found applications in several fields, including
agrochemistry. In the following sections, it will be described the advances in this field regarding the use of
1,2,3-triazole functionality in the preparation of compounds endowed with phytotoxic, insecticide, and
fungicide activities.
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1,2,3-Triazoles with Phytotoxic Activity

The compound known as tyrosol (1) was isolated from cultures of the fungus Alternaria euphorbii-
cola. This natural product caused bleaching and necrotic lesions on leaves of the weed species Euphorbia
Heterophylla at a concentration as low as 80 umol L-1 (Varejao et al., 2013). The structure of (1) was modified
to produce a series of tyrosol 1,2,3-triazole derivatives (co pounds 3-25), Figure 6). The preparation of com-
pounds (3-17) involved the convertion of tyrosol (1) into 4-(2-bromoethyl)phenol via treatment of (1) with
HBr. After that, the reaction of 4-(2-bromoethyl)phenol with sodium azide gave (2). A series of phenols, a
2-pyridone, and a coumarin were propargylated with propargyl bromide to afford the corresponding terminal
alkynes. The CuAAC reaction between these alkynes and azide (3) afforded the compounds (3-25). On the
other hand, tyrosol (1) was propargylated to furnish alkyne (18). The CuAAC reaction involving (18) and
benzylic azides (obtained from benzyl bromides) gave 1,2,3-triazolic compounds (19-25). The triazolic de-
rivatives were evaluated against the weed species E. heterophylla, Conyza sumatrensis, and Cammelia ben-
ghalensis. The tyrosol derivatives did not present herbicidal effect on C. benghalensis and C. sumatrensis.
On the contrary, almost all the derivatives produced yellowing, bleaching, and necrosis on the leaves of E.
heterophylla as determined by the perforated leaf assay. The compounds (12), (18), (23), and (25) had effects
that were statistically equal or higher than diquat (herbicide used as positive control). These four compounds
were also evaluated with respect to their capability of interfering with photosynthetic parameters. Among
them, compounds (12) and (25) stood out interfering with stomatal conductance, net photosynthesis, internal
carbon concentration, transpiration rate, water-use efficiency, and chlorophyll a and b contents. The most
active compounds (12) and (25) were also tested on leaves of corn and soybean. These crops are among the
ones that suffer from intense competition with E. heterophylla. None of the compounds produced lesions on
the leaves of both crops, suggesting that the compounds are endowed with selectivity. No direct correlation
between structure of the compounds and their activities were found (Franco et al., 2022).
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Figure 6. Synthesis of tyrosol 1,2,3-triazole derivatives. Reagents and conditions: (i) HBr 48% (w w-), 80 °C, 70%
yield; (iia) NaNs (1.5 eq.), dimethylacetamide (DMAC), r.t., 4-5 h; (iiia) propargyl bromide solution in toluene (80% w
w+, 1. eq.), anhydrous K2CO3 (2.0 eq.), anhydrous acetonitrile, nitrogen atmosphere, 50 °C, 24 h, 55-99% yield;
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(iva) CuSO4-5H20 (0.15 eq.), sodium ascorbate (0.3 eq.), DMAC/H20 (4:1 v v+), r.t., 12 h, 27-98% yield (one-pot); (iib),
sodium azide (1.5 eq.), DMSO (6 mL), r.t., 12 h; (iiib) propargyl bromide solution in toluene (80% w w-, 2.0 eq.)
dissolved in anhydrous acetone (2.5 mL), anhydrous K2COz3 (3.0 eq.), anhydrous KI (10 mol%), anhydrous acetone (7.5
mL), nitrogen atmosphere, 50 °C, 24 h, 90% yield; (ivb) azide, alkyne (1.0 eq.), sodium ascorbate (0.4 eq.), CuSO4-5H20
(0.2 eq.), CH2CI2/H20 (4:1 v v), r.t., 12 h, 70-83% yield.

One aspect deserves comment at this point. Looking at the conditions usedto carry out the CuAAC
reaction (Figure 6), someone realizes that the coppersource corresponds to CuSOs-5H20, which is a Cu(Il)
containing species.

However, the presence of sodium ascorbate in the reaction media reducesCu(II) to Cu(I), generating
in situ the species that accelerates and makes theCuAAC reaction regioselective. In fact, CuSOs-5H20/so-
dium ascorbate is themost utilized combination to carry out cycloaddition reactions involvingterminal
alkynes and azides.

Borgatti and co-workers (2013) synthesized a series of thirteen 1,2,3-triazoles, most of them contai-
ning halogen atoms. Figure 7 depicts the stepsinvolved in the preparation of ten of those compounds (triazoles
29a-j).
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R'=R’=R°=CLR’=R*=H: (26-29j)

Figure 7. Synthetic steps involved in the preparation of compounds (29a-j). Reagents andconditions: (/) MsCl, EtsN, CH2Clz,
-50 °C, 30 min; (ii) NaN3, DMSO, r.t., 15 h; (iii) pent-4-yn-1-ol, sodium ascorbate (40 mol%), CuSO4-:5H20 (20 mol%),
CH2Cl2/H20 (50% v v+), r.t., 24 h.

Thus, commercially available benzylic alcohols (26a-j) were convertedinto the mesylates (27a-j) via
treatment of the alcohols with mesyl chloride.Then, the SN2 reaction between compounds (27a-j) and sodium
azide gave thebenzylic azides (28a-j). In the last step, the CuAAC reaction involving azides(28a-j) and pent-
4-yn-1-ol resulted in the 1,2,3-triazoles (29a-j). The otherthree 1,2,3-triazoles (30a, 30b, and 33) were obtai-
ned according to the stepsshown in Figure 8. The reactions utilized in the preparation of these threecom-
pounds were similar to that shown in Figure 7 (Borgatti et al., 2013).

The phytotoxicity of 1,2,3-triazoles were evaluated against the targetspecies Allium cepa (onion,
monocotyledonous species), Lactuca sativus (lettuce, dicotyledonous species), and Cucumis sativus (cucum-
ber, dicotyledonous species). These species were chosen since they are sensitive and fast-responsive, even at
low toxicity levels. It produces small seeds in large quantities, which present standardized germination and
rapid initial development, in addition to having low cost and being easily purchased at most local markets.
The effect of the compounds (inhibition or stimulation) on germination and radicle growth (shoot and root
growth) were evaluated at 1 x 10*mol L', 1 x 10%mol L', and 1 x 10*mol L'!. At the highest concentration,
the evaluated compounds (29a-j), (30a-b), and (33) showed predominantly inhibitory effects against the eva-
luated species. The most active compound corresponded to the derivative (32), which inhibited almost com-
pletely the parameters evaluated. Compared to 2,4-D (a positive control), the derivative (33) presented similar
activity on L. sativus and C. sativus and superior effect on A. cepa (Borgatti et al., 2013).
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Our research group has explored the glycerol containing 1,2,3-triazole scaffold. Within this scenario,
the glycerol derivatives (38a-i) were prepared according to the steps shown in Figure 9. Thus, glycerol (34)
was initially converted into the acetonide (35). Then, treatment of (35) with tosyl chloride gave the tosylate
(36). The SN2 reaction involving compound (36) and sodium azide resulted in the formation of organic azide
(37). Finally, the CuAAC reaction between (37) and different terminal alkynes afforded the glycerolcontai-
ning 1,2,3-triazole derivatives (38a-i) (Costa et al., 2020).
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Figure 9. Preparation of glycerol containing 1,2,3-triazole derivatives (38a-i).

The phytotoxicity of compounds (38a-i) were evaluated against L. sativa at five different concentra-
tions (1, 10, 100, 500, and 1000 xg mL"). Theparameters percentage of germination and germination speed
index wereevaluated every 8 h for 48 h. After 48 h, the root length was measured for theindication of root
growth. The germination was the less affected parameter.Except for compound (38¢) at 1000 ug mL'(35%
of germination inhibition),the other treatments were statistically identical to the negative control(dichloro-
methane + water). The derivatives (38a), (38b), (38c), (38d), (38f),and (38h) influenced the speed index and
root length, particularly at 500 ugmL'and 1000 g mL'. The most active compound corresponded to
(37¢),which at 1000 ug mL'reduced germination index and root growth by 68.53%and 85.78%, respectively.
Those results were statistically similar to theherbicide pichloran used as a positive control (Costa et al., 2020).

Maslinic acid (39) is a triterpene found in Olea europea L. (Oleaceae). This natural compound was
converted into 1,2,3-triazole hybrid derivatives (46a-g) as depicted in Figure 10. The hybrids present a
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phthalimide moiety tethered to maslinic acid by a 1,2,3-triazole functionality. Initially, maslinic acid (39)
was converted into the propargylated derivative (40). The azides (42- 44 and 45a-d) were obtained from
phthalimide (41) according to the reactions shown in Figure 10. Then, the CuAAC reaction involving these
azides and alkyne (39) derived from maslinic acid gave the hybrid compounds (46a-g) (Nejma et al., 2018).
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Figure 10. Conversion of maslinic acid (39) in 1,2,3-triazole derivatives (46a-g). (a) NaN3, DMSO, 24 h, r.t.; (b) LiEt:BH,
CH2Cl2, 30 min, -80 °C; (¢) Ac.O, pyridine, 24 h, r.t.; (d) CH2Cl2, r.t., Bi(OTf)3; (e) Cul, EtsN, DMF, MW-250 W, 3-5 min.

The phytotoxicity of compounds (46a-g) was assessed against the modelplant L. sativa. The authors
also evaluated the effects of maslinic acid (39),the propargylated derivative (40), and the azides (42-44 and
45a-d). At 500ug mL-1, the hybrid derivatives presented superior effect on germination thanthe other evalu-
ated compounds, showing percentages of germinationinhibition varying from 91.79% to 100%. Seed germi-
nation was completelysuppressed by compound (46e). The authors did not use a positive control inthe expe-
riments. In this sense, a comparison of the efficiency of the evaluatedcompounds and a commercial herbicide
was not determined.

Insecticide Activity of 1,2,3-Triazoles
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R! = CH; CH,CH; CH(CH3), C(CH;), H;

Nu = CN, SCH; SO,CH; SOCH; SCH,F, SCBrF, SCH,CH;
SCH(CH,);. SC(CHy); OCH; N(CHy), SO,N(CHy)y:

AT = 2,4,6-Cl3; 2,6-Brs 4-CFy; 2,3,4,5,6,-Fs: 2,3,5,6-F,, 4-CF.

Figure 11. First synthetic route described by Boody and co-workers (1996) for the preparation of 1,2,3-triazoles (51).

It is outlined in Figures 11 and 12, two synthetic routes described by Boddy and co-workers for the prepara-
tion of 2-aryl-1,2,3-triazoles. In these cases, the preparation of the compounds did not involve the use of the
CuAAC reaction. In the first synthetic route, arylhydrazine (ArNHNH2) reacted with keto-oxime (47), affor-
ding oximinohydrazono (48). Compound (48) underwent copper-catalyzed cyclization to give cyclic N-oxide
(49). Methylation of (49) gave rise to (50) that, in turn, reacted with suitable nucleophiles resulting in the
formation of 1,2,3-triazoles (51) (Boddy et al. 1996).

The second route (Figure 12) involved the reaction of arylhydrazines (ArNHNH?2) with bis-oxime
(52) to give hydrazone (53). Then, the monoacetylation of (5§3) followed by cyclization of (54) promoted by
K2COs3 or Cs2C03 afforded triazole-4-carbaldoxime (55). Hydrolyses of (55) gave the aldehyde (56), that was
subsequently reacted with NaBHa4 to afford alcohol (57). Finally, conversion of the alcohol (57) into the
corresponding mesylate followed by reaction of it with nucleophiles resulted in 1,2,3-triazoles (58) (Boddy
et al. 1996).
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Figure 12. Second synthetic rout described by Boody and co-workers (1996) for the preparation of 1,2,3-triazoles (58).

A total of thirty-eight 1,2,3-triazole compounds were synthesized using the two synthetic routes afo-
rementioned. The compounds were biologically evaluated against ticks (Boophilus microplus), sheep blowfly
(Luciliasericata), housefly (Musca domestica), and cockroach (Blatella germanica). The activity of the com-
pounds was particularly good against housefly and the structure of the most effective against this species is
presented in Figure 13.

H,C SCH;
I
N. N
N
Cl Cl
CF,
(59)

Figure 13. Structure of the most active 1,2,3-triazole (59) against housefly as described by Body and co-workers.

The triazole (59) presented three important characteristics, namely spectrum of activity (it was active
against all the evaluated species, Table 1), potency, and residual activity (Boddy et al. 1996).

Table 1. Biological activity data concerning compound 59.
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Activity against
C 1 B. Micropl,
ompound S —— L. sericara” | M. domestica® B. germanica®
Larval® Reproductive
50 30 3 3 0.3-1 10-30

® Corresponds do lethal dose (LDsp) inmg L
®Corresponds do effective dose (EDsg) in ug per tick.
¢ Corresponds do lethal dose (LDsp) in mg m™=.

According to the International Union of Pure and Applied Chemistry (IUPAC), bioisoster can be
defined as “a compound resulting from theexchange of an atom or group of atoms with another, broadly
similar, atom orgroup of atoms” (Wermuth et al., 1998). The amide group and the 1,2,3-triazole ring are
bioisosteres which is associated with the similarities betweenthem, namely i) their size (distance between
substituents 3.8-3.9 A inamides,5.0-5.1 Ain triazoles), i7) their dipolar character (amide ca. 4 debye,triazole
ca. 5 debye), and iii) their H-bond acceptor capacity (the lone pairs ofthe amide O as well as of the triazole
nitrogens as illustrated in (A) and (B) in Figure 14). The triazole C(5)-H was considered to act as an H-bond
donor similar to the amide NH.

H 2 . 5 4
Rl/NTR I>:<:s

0: R-"”NF_N"N:

(A) (B)

Figure 14. The bioisosters amide and 1,2,3-triazole ring.

Bioisosterism is an effective way to design bioactive compounds (Lima and Barreiro, 2005).

Taking the structure of chlorantranilipole as the source of inspiration and considering the bioisoste-
rism concept, Mao and co-workers (2015) designed the synthesis of a series of 1,2,3-triazoles presenting the
general structure (60), Figure 15.

SON=N Y
] Lk T
‘\\KLN' 1sosteric = ,N\%“{_,I\'
R R ™
=

. e ——————
X il

Chlorantraniliprole

Figure 15. Chlorantraniliprole and 1,2,3-triazole of general structure (60).

The key step involved in the preparation of the compounds corresponded to the CuAAC reaction as
depicted in Figure 16 (Mao et al., 2015).

When evaluated against the oriental army work (Mythimna separata), a severe pest in cereals, the
compounds presented different degrees of efficiency. The triazoles were tested at 200, 100, 50, 25, and 5 mg
mL-'and the results are presented in Table 2.

The derivatives (60c-f, 60h-1) were active only at the highest concentration. The most active was
compound (60b), which at 200, 100, 50, 25, and 10 mg L' displayed 100% larvicidal activity, a result which
is comparable to the positive control chlorantraniliprole. It also deserves comment the activity presented by
compound (60g), albeit it is less active than (60b) (Mao et al., 2015).
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Figure 16. Preparation of 1,2,3-triazoles (60a-1).
Table 2. Biological activity data of compounds (60a-1) on M. separata.
Compound Larvicidal activity (%) at a concentration of (mg mL™)
200 100 50 15 10 5
G0a 100 133 - - i _
60b 100 100 100 100 100 40
60c 60 - - - - -
60d 15 - - - - -
60e 56.7 - - - - -
60f 80 - - - - -
60g 100 100 100 100 60 -
60h 80 - - - - -
60i 20 - - - B -
60j 60 - - - - -
60k 40 - - - - -
601 30 - - - -
Chlorantraniliprole 100 100 100 100 100 100

(-): no activity

Su and collaborators (2013) modified the commercial pesticide mandipropamid by replacing the 4-
chlorophenyl group by a 1,2,3-triazole functionality (Figure 17).

cammmay R
- % III) H
i v e JMLorsl e OMe
= Gl A
pmmm—————— IIF']C -h:l'l O ' ey
X N 2 oMe
Mandiprepamid o (67, 68a-d)

Figure 17. Mandipropamid and general structures of the analogues prepared by Su and collaborators (2013).
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The synthetic steps involved in the preparation of triazolic derivatives (67) and (68a-d) are depicted
in Figure 18. The CuAAC reaction was utilized to prepare the intermediate (66), which upon standard func-
tional group interconversions gave rise to compounds (67) and (68a-d) (Su et al., 2013).

o o« ¢
H =
\H‘o"‘“‘* HE=GMghr \H)Lo’"‘k
— OH
o] O 62 Cuso, o
(61) 24% sodium ascorbale S~ ~
- . -
TsCl . NaNy S CU
Fila OH " wFiC. _OTs — 20 FaCo My
(66)
[63) (64) (E5) 92.6%
81.3%
MH;
Mady o QH H oM R"O
e e H
rPN/W RX /%7/]\“"' OMe
MW Fal WEN O MaOHCH;Cl, SN
OMe F4C NN o
OMa

(67)

91.3% (8%a-d)

{88a); R = CH5CH; (46.8% yield)
(68b): R =HCZCCH, (54.9% yisld)
{6Bc): R = CH,CH=CH; (54.9% yield)
(88d); R = PhCH; {32.8% yield)

Figure 18. Steps involved in the preparation of mandipropamid analogues (67) and (68ad).

The 1,2,3-triazoles (67) and (68a-d) presented moderate larvicidal activity (30-50%) against the
fourth-instar larvae of Culex pipiens pallens, also known as common house mosquito (Su et al., 2013).

Fungicide Activity of 1,2,3-Triazoles

As quoted above, our research group has explored the bioactiviy profile of glycerol containin 1,2,3-
triazole derivatives. Within this scenario and utilizing a synthetic route similar to that shown in Figure 9, we
have investigated the fungicide activity of several 1,2,3-triazoles derived from glycerol. Table 3 shows the
general structure of compounds belonging to this scaffold synthesized and biologically evaluated by us. The
compounds (37a-37i), (69ah), and (70a-k) were evaluated against Colletotrichum fungal species which cause
papaya anthracnose. Regarding the compounds (37a-37i), they were assessed against Colletotrichum gloes-
porioides and presented lower efficiency in inhibiting the mycelial growth compared to the commercial fun-
gicide tebuconazole. The compounds (37d, EDso= 18.14 ppm) and (37i, EDso = 10.14 ppm) were the most
active, although less efficient than tebuconazole (EDso= 0.26 ppm) used as a positive control. On the con-
trary, the derivatives (37a-37i) displayed inhibitory activity on sporulation compared to tebuconazole (EDso
< 1 ppm). It stood out compound (37e) which presented EDso= 0.0002 ppm (Costa et al., 2020).

Table 3. Structures of 1,2,3-triazoles derived from glycerol.



174

0><0
=N, J_J
SN
R
Compound R group Compound R group
37a CH;CH,CH;- 69f CH;CH(OH)CH;
OH

37h CH}[CH}]:CH}- 69g Oﬁi

I:I:Hll
37c CH;[CH.):CHx- 69h ch—g—g

OH
37d C H:‘[[:Hg] 4CH>- Toa PhE‘Il}’l
37e HO[CH,]:CH>- 70b 3-fluorophenyl
a7f CH;[CH,]:CH,- Tlc 4-fluorophenyl
37z CH;[CH,]s CH,- 70d 2-fluorophenyl
37h CH;3[CH,]CH>- Tle 3 A-difluorophenyl
7 CH;[CH,]sCH,- 70f 2 4-difluorophenyl
69a HOCHS,- T0g 3.5-difluorophenyl
60D HOCH,CH,- 70h 4-trifluoromethylphenyl
69¢ HOCH,CH,CH;- T0i 3-trifluoromethylphenyl
69d CH;CH(OH)CH,- 70§ 2-trifluoromethhylphenyl
60e CH3;CH{OH)- T0k 3.5-bis(tmfluoromethyliphenyl

The glycerol derivatives (69a-69h) were also evaluated against C. gloeosporioides and the com-
pounds (69f) (EDso= 394.80 ug mL+) and (69g) EDso=492.02 ug mL) were the more efficient in controlling
the mycelialgrowth of the fungal species, albeit their activity was much lower thantebuconazole (EDso= 0.26
ug mL1). In terms of sporulation, compounds(69g) (EDso = 0.44 ug mL+) and (69h) (EDso = 0.83 ug mL")
inhibited it withefficiency compared to tebuconazole (EDs0< 1 ug mL) (Costa et al., 2017).

More recently, we prepared a series of glycerol-fluorinated triazole derivatives (70a-k) (Barcelos et
al., 2022). Evaluation of them against C. gloesporioides showed that (70d) (EDso = 59.14 pug mL") was
slightly more active than commercial fungicide tebuconazole (EDso= 61.35 ug mL+). Compound (70d) pre-
sented attractive physicochemical features for agrochemical purposes as revealed by the calculated physico-
chemical parameters.

Considering fluorinated-triazole derivatives, our research group prepared several compounds deri-
ved from eugenol (71) (Figure 19).

o =A or
= OCH, a7 2 OCHj
(71)
lb
oH OH

O N O Ny
/\/@ Nﬂ l =
M- .
= ocHY g c = OCH,

(7da-k)
(T4a): R = phenyl;
(74b): R = 3-fluorophenyl;
(Tde: R = 4-flucrophenyl;
(74d): R = 2-fluorophenyl;
(Tde): R = 3,4-difluorophenyl;
(T4f): R = 2 4-difluorophenyl;
(T4g): R = 3,5-diflucrophenyl;
(74h): R = 4-(trifluoromethyl)phenyl;
(T4i): R = 3-{trifluoromethyl)phenyl;
(74j): R = 2-{trifluoromethyl)phenyl;
(T4k): R = 3,5-bis(trifluoromethyl)phenyl
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Figure 19. Synthesis of 1,2,3-triazole compounds (74a-k) derived from eugenol. (a) KOH, (Bu)4NBr, 0 °C — r.t. (yield 88%);
(b) ammonium chloride, NaN3, CH30H, H20, reflux, 60 °C (yield 94%); (c) sodium ascorbate, CuSO4-5H20, CH2Cl2, H20,
r.t. (yield 48-80%).

In the first step, epoxide (72) was prepared via SN2 reaction between eugenol (71) and epichlo-
rohydrin, in the presence of potassium hydroxide and tetrabutylammonium bromide. Subsequently, epoxide
was treated with sodium azide and ammonium chloride, resulting in the formation of azide (73). In the third
and last step, aiming to evaluate the effect of the R-group linked to the triazole portion on the biological
activity of the compounds, eleven eugenol derivatives (74a-k) were synthesized via CuAAC reaction
between azide (73) and different fluorinated aromatic alkynes (Lima et al., 2022). The evaluation of eugenol
(71) and derivatives (74a-k) against Colletotrichum sp. (CMO01) utilizing the well- diffusion method showed

that derivatives exhibited a moderate inhibitory effect (inhibition zone 2.3 * 5.1 mm) on the mycelial growth

of the phytopathogen, when compared with the effect of the fungicide tebuconazole (inhibition zone 19.0
mm) and eugenol itself (10.7 mm). The most active eugenol derivative corresponded to (74d). When the
derivatives were evaluated in terms of their inhibitory effect on conidial germination and fungal growth, the
minimum inhibitory concentration (MIC) values were within 1.00 and 5.00 mg mL!, being compounds (74d)
(MIC = 1.50 mg mL!) and (77f) (MIC = 1.02 mg mL-") the most effective derivatives. Eugenol (MIC < 0.500
mg mL") and tebuconazole (MIC < 0.500 mg mL"") were again more active than derivatives (74a-k). Eugenol
(71) presents recognized fungicide activity and the results described above demonstrated that it is more active
on Colletotrichum sp. than compounds (74a-k). However, it should be mentioned that the use of eugenol (71)
for agrochemical purposes has limitations due to its low stability since it is easily oxidized or decomposed in
the presence of oxygen, light, or heat (Lima et al., 2022).

By using the synthetic sequence shown in Figure 20, Dai and collaborators obtained twenty-six 1,2,3-
triazole phenylhydrazone derivatives.

In the first step, aromatic anilines were converted into aromatic azides via the diazotization process.
Then, the CuAAC reaction between azides and propargyl alcohol gave 1,2,3-triazoles (75). After oxidation
with MnOz, the triazoles were converted to aldehydes (76) that, in turn, were condensed with different subs-
tituted phenylhydrazines to afford derivatives (77). The Ri and Rz in the structures of compounds (77) cor-
responded to halogens (F, Cl, Br), OMe, Me, and CFs3 at different positions of the aromatic rings. The fungi-
cide activity of 1,2,3-triazoles (77) was assessed on Rhizoctonia solani, Sclerotiniasclerotiorum, Fusarium
graminearum, and Phytophthora capsici. The most active compound (78) (Figure 20) exhibited significant
in vitro antiphytopathogenic activity, with ECso values of 0.18 (R. solani), 2.28 (S.sclreotiorum), 1.01 (F.
graminearum), and 1.85 (P. capsici) ug mL'. 1.01 (F.graminearum), and 1.85 (P.capsici) ug mL-'.

Considering the species R. solani, the mentioned compound was more effective than the commercial
fungicide carbendazim (1.42 ug mL") and validamycin A (5.07 ug mL"). In vivo assessment demonstrated
that (78) was effective in the control of rice sheath blight, rape sclerotinia rot, and fusarium head blight. This
investigation also described the built of tridimensional Quantitative-Structure Activity Relationship (3D-
QSAR), so that it allows the exploitation of this scaffold to obtain more active 1,2,3-triazole phenylhydrazo-
nes derivatives (Dai et al., 2015).

JNH? N3 N /1
2 i N i SN ii = iv =
)~ 0
R4 Rq R, R4 R4
Aromatic Azides (75) (76) (77)
anilines
Ho )
—N '\1_/ —F
N
Nogw  (78)
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Figure 20. Preparation of 1,2,3-triazole phenylhydrazone derivatives (77) and structure of the more active compound (78)
described by Dai and collaborators (2015). Reagents and conditions: (i) NaNO2, HCI (10%), 0-5 °C; NaNs, 24 h, r.t. (60-100%
yield); (ii) propargyl alcohol, CuSO4, sodium ascorbate, H20/z-butanol = 1:1 v v+, 24 h, r.t. (40-80% yield); (iii)) MnO2/EtOAc,
1 h, r.t. (85-100% yield); (iv) MeOH, substituted phenylhydrazine, 0.5 h (68-85% yield).

In a subsequent investigation, Chen and co-workers continued to explore the 1,2,3-triazole
phenylhydrazone scaffold. After a bioactive-guided investigation, it was found that compound (79) was a
promising fungicide candidate for further development. This compound displayed an ECso value of 0.28 ug
mL'against F. graminearum, which is 3.6 times lower than the aforementioned reported ECso (1.01 ug mL-
1. In addition, derivative (79) also exhibited good inhibitory activities against R. solani and S. sclerotiorum
with ECso values of 0.86 and 1.66 ug mL", respectively. In vivo evaluation of (79) at 200 ug mL demonstrated
that it effectively suppresses the disease development of fusarium head blight, one of the most serious disea-
ses in cereals, with a protective efficacy of 80.6% (Chen et al., 2020).

=R

=

(79)
Figure 21. Structure of 1,2,3-triazole phenylhydrazone (79).

Oleanolic acid (80) was used as starting material for the preparation of eighteen 1,2,3-triazoles, ac-
cording to the transformations outilined in Figure 22 (Chen et al., 2022).

T
P e a
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HO™ ™
(80)
b
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’ (83) R'= Me
(84): R"=Bn (85): R' = Me; R? = Aryl, Alkyl

(88): R' = Bn; RZ = Aryl, Alkyl

Figure 22. Synthetic steps involved in the preparation of 1,2,3-triazoles derived from oleanolic acid (80). Reagents and condi-
tions: (step a): (1) Mel/BnBr, NaH, THF, 0 °C to 40 °C, 12 h; (2) LAH, THF, 0 °C to r.t., 4 h; 75% for (81), 72% for (82); (step
b): Under N2 protection, Tf20, pyridine, 0 °C to r.t., 15 min, then NaN3, DMF, 60 °C; 87% to (83), 89% to (84); (step c):
CuS04:5H20, sodium ascorbate, then substituted phenylacetylene or alkyl alkyne, CH3OH/H20 (1:1 v v*), r.t., 1 h, 77-86% for
(85), 74-89% for (86).

Compound (80) was converted into (81) and (82) after alkylation and reduction reactions. Conver-
sion of (81) and (82) into the corresponding triflates followed by reaction with sodium azide resulted in the
preparation of (83) and (84). The CuAAC reaction between azides and different terminal alkynes resulted
in triazolic oleanolic acid derivatives (85) and (86). The antifungal activity of compounds (85) and (86) was
tested on six target species, S. sclerotiorum, Phytophtora boehmeriae Saw, Botrytis cinerea Pers, R. solani
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Kuhn, Pyricularia oryzae Cav., and Fusarium oxysporum Schl. F.sp.vasinfectum (Atk.) Snyd. & Hans, at 50
ug mL+, using the mycelial growth inhibition bioassay. The best inhibitory effects were observed on R. sola-
niKhun for compounds (85a-c) and (86a-c) as presented in Table 4.

Table 4. Results of the antifungal activity on R. solani Khun of the most active 1,2,3-triazole oleanolic acid
derivatives.

Compound R! R? Growth inhibition (%6)
85a CHs; 4-Cl-CgH, 85.6
85b CH; 4-NO,-CgH,y 83.1
85¢ CH; 4-F-CgH, 87.6
S6a Bn 4-Cl-CH, 86.8
86b Bn 4-NO,-CgH,y 87.7
86c Bn 4-F-CgH, 89.6
Oleanolic acid (80) - - 20.1
Chlorothalonil - - 927

R! and R2correspond to the groups shown in structures (88) and (89) 1 Figure 22.

It should be noted that the most active compounds on R. solani present as a common feature electro-
negative atoms (ClI or F) or group (NO2) attached to the para-position of the aromatic ring in the structures
of these compounds. The fungicide activity of triazolic derivatives (85a-c¢) and (86a-c) are superior than the
parent compound oleanolic acid (80). Besides, the derivatives presented lower efficiency than the commercial
fungicide chlorothalonil used as a positive control (Chen et al., 2022).

Two synthetic routes were designed to prepare a series of 1,2,3-carboxamides. In the synthetic route
show in Figure 23, aromatic azides (prepared from aromatic anilines) were converted into 1,2,3-triazolic
amines (87a-h). The amidation reactions of compounds (87a-h) with acyl chlorides gave the carboxamides
(88Aa-h, 88Ba-h, and 88Ca-h) (Yan et al., 2019).
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£
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Aromatic Azides RY )
anilines RZ
(8Ta-h) {88Aa-BBAh; 88Ba-B&Bh; 88Ca-88Ch)
B5-90% 55-B0%
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/ ©)
R =

G-CH{
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Figure 23. Synthetlc steps involved in the preparatlon of carboxamldes (88Aa-88Ah, 88Ba-88Bh, and 88Ca-88Ch). Reagents
and conditions: (i) NaNO2, HCI (3 mol L), 0 °C; NaN3, 2-3 h; (ii) acetonitrile, BuLi, THF, -78 °C; (iii) THF, NaH, acyl
chloride, r.t.
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Figure 24. Synthetic steps involved in the preparation of carboxamides (91Ai-n, 91Bi-n, and 91Ci-n). iv) different methodo-
logies; (v) NH4Cl, Fe, CH3OH/H20 (3:1 v v+); (vi) acyl chlorides, triethyl amine, CH2Cl, r.t.

In the second synthetic approach (Figure 24), aromatic azides bearing the nitro group were converted
into triazolic derivatives (89Ai-n, 89Bi-n, and 89Ci-n) by means of the CuAAC reaction. Reduction of nitro
groups present in the aforementioned compounds provided the compounds (90Ai-n, 90Bi-n, and 90Ci-n),
followed by amidation reactions with different carboxylic acids resulted in carboxamides (91Ai-n, 91Bi-n,
and 91Ci-n) (Yan et al., 2019).

The obtained carboxamides were screened in vitro via mycelial growth inhibition assay against S.
sclerotiorum, B. cinerea, Fusarium solani,Rhizoctonia cerealis, Gaeumannomyces graminsis, Alternaria so-
lani, Colletotrichum orbiculare, Fusarium moniliforme, and P. capsi at 50 ug mL-. This initial screening
selected compound (88Ac) as the most active carboxamide, which displayed relevant fungicidal activity with
ECsovalues of 1.08 (S. scleoreotiorum), 8.75 (B. cinerea), 1.67 (R. cerealis), and 5.30 (G.graminsis) ug mL-
1. Boscalid, an antifungal commercial carboxamide, was used as a positive control and the ICso against S.
scleoreotiorum, B. cinerea, R.cerealis, and G. graminsis were, respectively, 0.21, 1.04, 0.20, and 22.03 ug
mL- At 200 ug mL~, carboxamide (88Ac) was effective in suppressing rape sclerotinia rot, cucumber grey
mold, and wheat powdery mildew, that are caused, respectively, by S. scleoreotiorum, B. cinerea, and B.
gramnis. Besides, it was demonstrated the efficiency of (89Ac) against the succinate dehydrogenase (SDH,
1Cs0=41.9 umol L), which is the target of fungicides belonging to the carboxamide class. The authors also
reported a docking study that revealed the interaction of (88Ac) with ARG43, TYRS8, and TRP173 amino-
acid residues of SDH through hydrogen bond and pi-pi interaction, which could explain the probable mecha-
nism of action between the inhibitor and the target enzyme (Yan et al., 2019).

N TN
H
Cl = \
s
Cl
Cl
(B8AC)

Figure 25. Structure of carboxamide (88Ac).
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Benzamidines displaying 1,2,3-triazole moieties were prepared according to the steps outilined in
Figures 26-28 (Chen et al., 2014). Conversion of 4- bromomethyl benzonitrile (92) in triazol (94) was ac-
complished after reaction of (92) with sodium azide followed by CuAAC reaction of (93) with propargyl
alcohol. Then, the Pinner reaction of (94) followed by treatment of Pinner salt with different amines produced
the benzamidines (95a-e) (Figure 25).
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Figure 26. Preparation of benzamidines (95a-e).
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Figure 27. Synthesis of benzamidines (99a-e) from phenol (96).

Similar procedures converted phenol (96) to benzamidines (99a-e) (Figure 27), and phenol (100)
and nitrile (102) in benzamidines (105a-d), and (106a-d) (Figure 28).
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Figure 28. Synthesis of benzamidines (105a-d) and (106a-d).

When assessed in vitro on Colletotrichum lagenarium and B. cinerea, via the mycelial growth inhi-
bition assay, the synthesized benzamidines presented weak antifungal activity (8-35% on C. lagenarium and
0-44% on B. cinérea at 200 ug mL~). On the contrary, when evaluated in vivo at 300 ug mL-, the antifungal
activity of benzamidines was, in general, higher compared to the invitro results. The compound (99b) against
C. lagenarium (79% inhibition) and (106b) on B. cinerea (61%) were the most effective in vivo (Chen et al.,
2014).

Indole (107) corresponded to the starting material used to obtain the triazolic derivatives (111, 112,
115a-k). The propargylation of indole (107) with propargyl bromide, under the specified conditions shown
in Figure 29, afforded the key terminal alkyne (108). The CuAAC reactions conducted with CuCl2/Zn as the
catalytic system, involving the alkyne (108) and azides (110, 1-(azidomethyl)-4-nitrobenzene, and 114a-Kk)

resulted in triazolic indole derivatives with in 80-93% yield (Xu et al., 2016).



181

m + Er\ — BugN® Br, NaOH, toluene m
N - r.t N

H
{107) [1031\“‘35
R
INE e s N
Br—CH,CO0C,Hy 3~ CHy s e oy CHACO0CHs
(108) (110} c111]L\/\E"

c1as; b
Cu::'é.z.— HaO, 7 L
k,(/"tq

1-(bramom e1hyl}—4 1-(azidem Bthyl] (Mz)  w=N ! -
nitrobenzene 4-nitrcbenzene NO5

T HCL NaNg, oy % R
|2 Maky Cu"l {Zn, H;O, .t = RJ
] s N h
W

|
{113a- k] (11434(; \\(/\F Rs

{1133, 114a, 115a; R'=R?=R%=H

(113b, 114b, 115b): R' = NO,, R?*=H R*=H
(113¢, 114c, M5c): R'=H, R*=H R¥=NO,
(113d, 114d, 115d): R' = H, R? = NO,, R* = H
(113e, 11de, 115 R' = CHq R%¥=H, R*=NO,
(113f, 114f, 115 R' = CHa. R®=H, R =H
(113g, 114g, 115g): R' = H, R* = CHs, R*=H
(113h, 114h, 115h):R'=H, R?=0H,R*=H
(1131, 114i, 1151 R'=CFy, R?=H,R*=H
(113j, 114), 15j: R' =F, R®*=H,R¥=H
(113k, 114k, 115k R' = CIL R®=H R®=H
(1131, 1141, 1151 R'=H,R*=H, R*=CI

Figure 29. Preparation of indole derivatives with 1,2,3-triazole fragments (111, 112, and 115a-1).

When evaluated on Colletotrichum capsica at 20 ug mL-1 via the mycelial growth assay, the indole
derivatives (112), (115a), and (115d) were inactive and the most active derivative (83% inhibition) corres-
ponded to compound (111). The indole derivatives were also assessed, at the same concentration, against
cotton Physalospora. In this case, while compounds (115¢) and (115h) did not inhibit the mycelial growth,
the derivative (115k) was the most effective (65% inhibition) (Xu et al., 2016). None of the compounds
presented

superior activity than the commercial fungicides hexaconazole and flutriafol used as positive controls.

Huo and co-workers (2018) developed a methodology to synthesize /- carboniles bearing aryl-
1,2,3-triazoles fragments. After reaction optimization, the investigators found that the combination of the
propargylated /4-carbonile (116) with sodium azide and boronic acids afford compounds (117a-k) (Figure
30).
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Figure 31. Harmine derivatives with 1,2,3-triazole fragments (122a-f). Reagents and conditions: (i) DMF, NaH, iodobutane,
stirred at r.t.; (ii) HBr, HOAc, reflux (iii) DMF, NaH, 3-bromopropyne, stirred at r.t.; (iv) Cu(II)-complex (L1), ethanol, 50 °C.

It is important to mention that in these methodologies the catalytic speciesis the Cu(Il)-complex (L1)
(Figure 30) (Huo et al., 2018). The authors alsodemonstrated the possibility of preparing triazolic S-carboni-
les (122a-f) fromthe natural alkaloid harmine (118) as shown in Figure 31.

The evaluation of the fungicide activity on R. solani, F. oxysporum, B.cinerea, sunflower sclerotinia
rot, and rape sclerotinia rot revealed that thecompounds inhibited the mycelial growth rate with different
degrees ofefficiency. It stood out the inhibition growth effects of the compounds (117a)(85%), (117b) (87 %),
(117¢) (86%), and (122b) (85%) which werecomparable to carbendazim (~ 90%) used as positive control
(Huo et al.,2018).

The amides (126a-p) and esters (127a-e) were obtained from the f-ketoester (123) according to the
steps shown in Figure 32. The CuAACmethodology was not utilized to access the amides and esters. In the
first step,organic azides were condensed with (123) to provide the 1,2,3-triazoles (124ae).The basic ester
hydrolysis of (124a-e) gave rise to carboxylic acids (125ae).The acids were converted to the corresponding
acyl chlorides by treatmentof the acids with thionyl chloride. The reactions of acyl chlorides with aminesor
phenols produced the amides (126a-p) and esters (127a-e) (Wang et al., 2014).
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Figure 32. 1,2,3-triazolic amides (126a-p) and esters (127a-e).

In terms of fungicide activity, these compounds were evaluated against Physalospora piricola, A.
solani, Cercospora arachidicola, Gibberella zeae, P. capsici, Phythophthora infestans, B. cinerea, S. scle-
rotiorum, and Thanatephoruscucumeris using the mycelial growth inhibition assay and the Best performance
was noticed on S. sclerotiorum, being the results outilined in Table 5.

Table 5. Best results of the fungicide activity evaluation of amides (126a-p) and esters (127a-¢) on S. scle-

rotiorum.

Compound ECs; (ug mL-Y)
126k 233

1246l 13

127a 154

127d g9

127e 78
Chlorothalonil 70

It deserves comment the fact that the compound (1261) was approximately five times more potent
than chlorothalonil (positive control) and compound (127e) was equipotent to it (Wang et al., 2014).
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Figure 33. Preparation of water-soluble chitosan derivatives (128-130). Reaction conditions were not described by the authors
of the investigation.

Three water soluble 1,2,3-triazolic chitosan derivatives (128-130) were synthesized according to the
steps shown in Figure 33 and the CuAAC reaction corresponded to the key step to afford the derivatives (Li
et al., 2016).

Table 6 depicts the results of the fungicide evaluation activity against three fungi species.

Table 6. Results of the fungicide activity evaluation of compounds 128-130.

Compound % of inhibitory growth activity
Fusarium Colletotrichum Fusarium
oxysporumf.sp. lagenarium OXYSPOFUM.SP. CUCHTHE-
HIVEUm brium Owen

Chitosan 24.2 30 14.7

128 58.5 85.1 86.1

129 84.0 093.2 91.7

130 81.8 88.1 01.7

Compared to chitosan, the fungicide activity of the triazolic derivatives was significantly higher,
which was ascribed to the introduction of the 1,2,3-triazole group in the framework of chitosan.

Conclusion

In this book chapter, we gathered information concerning the application of 1,2,3-triazoles in the agroche-
mistry field. Results regarding phytoxic, insecticide, and fungicide activities of this class of heterocycles
were described. In general, the reports utilized the CuAAC reaction for the introduction of 1,2,3-triazole ring
into several compounds’ framework. This is certainly because of the facility in carrying out this transforma-
tion as well as the good yields obtained with the use of the CuAAC reactions. The results of the performance
of these compounds 1,2,3-triazole fragments in terms of phytotoxicity, insecticide, and fungicide activities
are encouraging and it is possible to predict that new studies will be published in the future expanding the
agrochemistry applications of 1,2,3-triazoles.
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