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RESUMO

Uma série de novas 5-indol-tiazolidinadionas bioativas foi sintetizada visando
a obtencdo de um novo protétipo antiinflamatério com agao simbidtica direcionada a
dois diferentes alvos relevantes no processo inflamatorio: as enzimas cicloxigenases
(COXs) e o receptor gama ativado pelo proliferador de peroxissomo (PPAR-y). A
presenca de um grupamento indol na posicdo 5 do anel tiazolidinico central
representa uma das particularidades desses compostos, os quais sdao de um lado
relacionados estruturalmente a indometacina, um anti-inflamatorio nao-esteroidal
(AINE), e de outro, ao anti-diabético rosiglitazona, um agonista PPAR-y. Este estudo
conduziu a identificacdo de moléculas que apresentaram atividade antiinflamatoria
em modelo in vivo de inflamagdo, bem como a capacidade de inibir as isoformas
COX-1 e COX-2 em ensaio de inibigdo enzimatica in vitro. Dentre as moléculas
estudadas, a 5(Z,E)-3-[2-(4-clorofenil)-2-oxoetil]-5-(1H-indol-3-ilmetileno)-1,3-
tiazolidin-2,4-diona (PG-15) mostrou excelente atividade antiinflamatéria, avaliada
através da inibicdo de migragao lucocitaria nos modelos de inflamagao do air pouch,
com uma DEsp de 7,5 mg/Kg (p.o.), e de peritonite, apresentando 30,7% de inibicdo
apos administracédo oral na dose de 3mg/Kg. O composto PG-15, pelos promissores
resultados apresentados, foi conduzido a um estudo farmacocinético, onde foram
avaliadas as suas concentragdes no plasma de rato durante 16 horas, apds as
administracbes intravenosa de 3m/Kg, e oral de 3 e 6 mg/kg. Os resultados
mostraram que o PG-15 é rapidamente absorvido apds administragao oral atingindo
o pico de concentracao plasmatica entre 30 e 60 minutos e uma meia-vida de 5,9 %
3,8 horas, apds administracdo intravenosa. A quantidade de PG-15 também foi
quantificada no sitio da inflamacao, através do doseamento do mesmo no exsudato
inflamatério do bolsdo e da peritonite apds a administracdo oral de 3mg/Kg, onde
foram detectadas 83,85 + 43,46 e 30,51 £ 7,7 ng/mL (média + erro padréo),

respectivamente.

Termos de Indexacédo: Tiazolidinonas, antiinflamatérios, COX-2.



ABSTRACT

A series of new 5-indol-thiazolidinones was synthesized in order to design a
new prototype based on a symbiotic approach where molecules are potentially active
in two different targets, both relevant to inflammatory process: cyclooxygenase-2
enzyme and peroxissome -activated receptor subtype y (PPAR-y ).

An indol group attached at 5-position of thiazolidinic ring is the chemical feature of
this chemical series, where compounds are structurally related to indomethacin, a
potent non-steroidal anti-inflammatory drug (NSAID) and also to anti-diabetic
rosiglitazone, a PPAR-y agonist

This study led to molecules that presented good anti-inflammatory activity in
inflammation air pouch model. They revealed to be capable to inhibit in vitro COX-1
and COX-2.

From this series, the 5(Z E)-3-[2-(4-chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-
ylmethylen3)-1,3-thiazolidin-2,4-diona (PG-15) exhibited excellent anti-inflammatory
activity inhibiting leukocyte migration in air pouch model, with an EDsy of 7,5 mg/kg
(p-0.) and peritonitis, where presented 30,7% of inhibition. Promising compound PG-
15 was conducted to a pharmacokinetic study, where plasma concentrations of PG-
15 were followed during 16 hours after intravenous administration of 3mg/kg and oral
administration of 3 and 6 mf/kg.

Results showed that PG-15 is rapidly absorbed after oral administration
reaching plasma peak level between 30 and 60 minutes and a 5.9 + 3.8h half-life after
iv dosis. PG-15 was also detected at inflammatory site, by dosing air pouch and
peritonitis exudates after 3mg/kg oral administration, where 83.85 + 43.46 and 30.51

+ 7.7 ng/mL were detected (average * se), respectively.

Index terms: thiazolidinones, anti-inflammatory, COX-2.
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1 INTRODUCAO

O processo inflamatério € uma resposta complexa, nao-especifica e
coordenada dos tecidos a um dano, o qual envolve, em linhas gerais,
permeabilidade vascular, migracdo de células sanguineas e passagem de plasma
para os tecidos danificados. As moléculas que medeiam o0s eventos iniciais da
inflamacdo sdo as moléculas de adesdo, as quais sao fundamentais para a
migracdo dos leucécitos até a superficie dos vasos sanguineos. Esta migragéo
inicia as complexas reacdes que sao controladas por inUmeros mensageiros
intracelulares chamados mediadores (MASLINSKA e GAJEWSKI, 1998). A
magnitude da resposta inflamatéria é critica para 0s organismos, pois uma
resposta deficiente pode resultar em infeccbes secundarias, enquanto uma
resposta excessiva pode ser mais prejudicial do que o dano inicial (CZURA,
FRIEDMAN e TRACEY, 2003).

Os prostandides estdo amplamente envolvidos no processo de
comunicacgao entre as células. Estes mediadores séo produtos do metabolismo do
acido araquiddnico na rota da cicloxigenase, uma enzima que se apresenta em
pelo menos duas isoformas (COX-1 e COX-2), as quais exercem diferentes
funcdes fisioldgicas devido aos diferentes locais de expresséo e regulacdo dessa
expressao (VANE, 1998).

Atualmente, o direcionamento das terapias para doencgas que passam por
alguma fase inflamatoria inclui os inibidores da COX-2 e a regulacdo do processo
apoptotico em algumas células (DOAN E MASSAROTTI, 2005).

Dentre as doencas inflamatérias cronicas merece ser destacada a

osteoartrite (OA), uma das mais comuns e que, de acordo com a Organizacao
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Mundial de Saude, mais de 14 milhdes de casos sdo diagnosticados anulamente
(WHO, 2003). O unico tratamento oral reconhecido para a OA € sintomatico,
utiizando agentes analgésicos ou antiinflamatérios, como o paracetamol ou
inibidores da COX (WEILAND et al., 2005).

A partir de fins da década de 1990, os inibidores seletivos da COX-2 foram
os farmacos de escolha nesses casos. Estes farmacos foram desenvolvidos
baseados na hipétese de que a inibicdo seletiva da isoforma COX-2 reduziria a dor
e a inflamagcdo sem os efeitos gastrintestinais e sangramentos comuns aos
inibidores n&o-seletivos. Entretanto, em setembro de 2004, o rofecoxib (Vioxx®),
um desses farmacos, foi retirado do mercado farmacéutico pelo alto risco
cardiovascular que apresentava, e, em abril de 2005, o valdecoxib (Bextra®), pelos
mesmos motivos, teve o0 mesmo destino (BROPHY, 2005).

Apdés pouco mais de oito anos de tratamento com relativo sucesso
utilizando inibidores seletivos da COX-2, tornou-se evidente que existe a
necessidade de se aprimorar o tratamento das doencas inflamatérias de forma
gue os efeitos benéficos sejam preservados, mas que 0s riscos cardiovasculares
sejam reduzidos. Neste contexto, a comunidade cientifica volta seus esforcos,
mais uma vez, na busca por um tratamento eficaz das doencas inflamatérias, que
afligem grande parte da populacdo mundial.

Atualmente, com uma abordagem multidisciplinar, o planejamento racional
de farmacos representa uma excelente e indispensavel ferramenta que agrega
conhecimentos da patologia, alvos biolégicos, estruturais e fisico-quimicos que

podem conduzir a estratégias de desenho, sintese e testes biolégicos de novas
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moléculas que tenham, potencialmente, as caracteristicas de resposta bioldgica
gue sao desejadas.

Na busca por farmacos que atuem em mais de uma via da resposta
inflamatéria, que apresentem melhores caracteristicas que os atuais e que sejam
farmacodinamicamente mais eficazes mantendo uma boa biodisponibilidade e
reduzidos efeitos colaterais, o presente trabalho foi desenvolvido abrangendo duas
areas de conhecimento: a Quimica Organica e a Biologia.

No ambito da Quimica Orgénica Medicinal, observamos o desenho
estrutural e o estabelecimento dos métodos para sintese e purificacdo, seguida da
comprovacdo estrutural e determinacdo de caracteristicas fisico-quimicas. Na
grande area das Ciéncias Bioldgicas, foram apropriados conhecimentos
fundamentais de bioguimica, farmacologia e fisiologia, inclusive para realizacao de
ensaios in vitro e in vivo da atividade antiinflamatéria das novas moléculas
sintetizadas. Por fim, a interdisciplinaridade desses conhecimentos nos auxiliam
na estratégia de modificacdes estruturais visando farmacos mais potentes,
seguros e com maior aceitabilidade.

No escopo deste trabalho temos inicialmente uma revisdo da literatura, que
aborda os principais aspectos da inflamacdo e em quais momentos deste
complexo processo existem possibilidades de intervencdo, bem como uma breve
revisdo dos trabalhos apresentados pela comunidade cientifica focando a relacéo
entre a estrutura quimica e a atividade biolégica de compostos ativos na

inflamacao.
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Sequencialmente, tem-se a apresentacdo dos objetivos deste trabalho e
posteriormente uma breve explanacdo sobre o planejamento das moléculas que
formam o alvo deste trabalho.

Em atendimento as normas estabelecidas pelo Programa de Poés-
Graduacdo em Ciéncias Biologicas, os resultados obtidos neste trabalho estdo
apresentados na forma de artigos cientificos para divulgacao internacional.

Por fim, apresentamos nossas consideracoes finais, como fechamento do
trabalho realizado durante o doutoramento. Nossas perspectivas futuras também
estdo elencadas, pois tendo a pesquisa um carater naturalmente dinamico, a sua

continuidade é fundamental.
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2 Revisao da Literatura

No campo do descobrimento de novas moléculas biologicamente ativas,
cada vez mais tem sido apreciada a abordagem fisiolégica de que resultados mais
robustos sao obtidos a partir dos resultados das acdes de farmacos em diferentes
partes do organismo, o qual, por constituir um complexo sistema biologico, é
composto por células e tecidos interligados com vias sinalizadoras redundantes,
convergentes e divergentes (BORYSI et al., 2003). Segundo Csermelin, Agoston e
Pongron (2005) a inibigao parcial de dois ou mais alvos biolégicos € mais eficiente
na resolugao da patologia do que a inibigédo total de um unico alvo. Baseado nessa
primissa esta o conceito de farmacos com agcao em multiplos alvos moleculares,
também chamados duais ou simbioticos (MORPHY e ZORAN, 2005).

Em relagédo ao alvo molecular, a agédo das moléculas simbioticas pode ser
dividida em trés categorias. A primeira configura aquelas moléculas que atuam em
alvos separados para criarem um efeito combinado, seja pela inibicdo de
diferentes alvos na mesma rota metabdlica, diferentes alvos em diferentes rotas
na mesma célula ou em diferentes tecidos. Numa segunda categoria estdo as
moléculas que atuando em diferentes alvos, a modulacédo da resposta do primeiro
alvo facilita a acdo do segundo alvo. Na terceira, a molécula atua em diferentes
sitios dentro de um mesmo alvo (ZIMMERNANN, LEHA e KIETHM, 2007).

Exemplos bem sucedidos de farmacos racionalmente planejados com agéo
em alvos distintos incluem a duloxetina, um antidepressivo que atua na recaptacao

tanto da serotonina quanto da norepinefrina (TURCOTTE et al., 2001).
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No tratamento da inflamac&o o conceito de multi-alvos € muito importante e
precisa ser tratado criteriosamente, pois a resposta inflamatoéria € complexa, nao-
especifica e coordenada dos tecidos como consequéncia a um ou mais danos. O
processo inflamatério envolve uma série de eventos, os quais podem ser
agrupados em permeabilidade vascular, migracdo de células sanguineas e
passagem de plasma para os tecidos danificados. As moléculas que medeiam os
eventos iniciais da inflamacao sdo as moléculas de adesao que sao criticas para a
migragao dos leucocitos até a superficie dos vasos sanguineos. Esta migragao
inicia as complexas reagbes que sdo controladas por inUmeros mensageiros
intracelulares chamados mediadores (MASLINSKA e GAJEWSKI, 1998). A
magnitude da resposta inflamatoria é critica aos organismos, pois uma resposta
deficiente pode resultar em infecgbes secundarias, enquanto uma resposta
excessiva pode ser mais prejudicial que o dano inicial (CZURA, FRIEDMAN e

TRACEY, 2003).

2.1 Resposta Inflamatoéria

A resposta inflamatoéria € uma resposta complexa e coordenada dos tecidos
a uma agressado (MASLINSKA e GAJEWSKI, et al., 1998), destacando-se que o
grau com que estas agdes ocorrem € proporcional a severidade da agressao e a
sua extensdo (STVRTINOVA, JAKUBOVSKY e HULIN, 1995).

A inflamacéo pode ser dividida em diversas fases. A primeira, um evento
imediato, € uma vasoconstricdo temporaria causada pelos mediadores bradicinina
e serotonina, seguida por fases que ocorrem posteriormente em minutos, horas ou

dias, os quais sao: a resposta vascular aguda, a resposta celular aguda, a
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resposta celular cronica e a resolugdo (STVRTINOVA, JAKUBOVSKY e HULIN,
1995).

A resposta vascular aguda ¢ iniciada segundos apds o dano e dura alguns
minutos, caracterizando-se por vasodilatacdo, aumento da permeabilidade
vascular, aumento do fluxo sanguineo (hiperemia e eritema) e entrada de fluido
nos tecidos (edema). Na situagdo onde o dano tecidual foi relevante ou quando
ocorre infecgdo, a resposta celular aguda inicia nas proximas horas, cuja principal
caracteristica € o surgimento de granulécitos, particularmente neutrofilos, que se
aproximam das células endoteliais dos vasos sanguineos (marginagao) e a seguir
atravessam para os tecidos circundantes (diapedese) (SANCHEZ-MADRID e DEL
POZO, 1999). Também faz parte desta fase a formacédo de coagulos, os quais
impedem o sangramento, bem como o inicio da formag¢do de pus, composto por
uma mistura de exsudato inflamatério, leucécitos polimorfonucleares vivos e
mortos, e bactérias vivas e mortas (STVRTINOVA, JAKUBOVSKY e HULIN,
1995).

Na sequéncia, surge uma resposta celular crénica onde ocorre a infiltragéo
de células mononucleares: os macréfagos e os linfécitos (FUJIWARA e
KOBAYASHI, 2005). Em seguida devera ocorrer a resolugdo, ou seja, a volta a
normalidade dos tecidos. Os coagulos sao removidos por fibrindlise ou entdo
ocorre a formacao de uma ferida (MODARAI et al., 2005) e a infecgao é debelada,
ou forma-se um granuloma com os macréfagos e linfocitos circundantes ao
material que nao foi eliminado (FUJIWARA e KOBAYASHI, 2005).

As moléculas que sdo responsaveis pelo comando e que medeiam a

resposta inflamatoria sdo chamadas mediadores inflamatorios (Figura 1).



33

Quimicamente esses mediadores pertencem a diversas classes e sao liberados
em momentos especificos dessa resposta. Primeiramente, sdo liberadas aminas
vasoativas e mediadores lipidicos que promovem exsudacédo e edema, seguidos
pela expressao de citocinas e quimioquinas que ativam o endotélio e medeiam a
migracado leucocitaria. Finalmente, mediadores antiinflamatérios atenuam a
migracdo celular e promovem a apoptose e a retirada dos leucdcitos do sitio

inflamatério (STVRTINOVA, JAKUBOVSKY e HULIN, 1995).

AGRESSAO
‘ TECIDOS
Dan0 e Dan?
L, — Tecidual vascular
Microrganismos Prostglandinas,
Leucotrineos
. Mastécito — Hi i \
Anticorpos istamina permeagio
\ \ vascular

Desgranulacéo

.

C3a, Cbha
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Figura 1: Representagao esquematica dos eventos desencadeados por uma agressao tecidual,
alguns dos mediadores liberados e suas principais a¢des (PMN= leucécito) (Adaptado de
http://www-micro.msb.le.ac.uk/ MBChB/1b.html)
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De acordo com Feghali e Wrigth (1997), os mediadores inflamatério podem

ser classificaods em quatro principais categorias:

1. metabdlitos lipidicos como o Fator de Ativagdo Plaquetaria (PAF) e os

derivados do acido araquidénico, que

incluem as prostaglandinas

(PGs),

prostaciclinas e os leucotrienos (LTs), formados a partir dos fosfolipidios celulares;

2. trés cascatas de proteases e substratos soluveis

complemento), que geram numerosos peptideos pré-inflamatorios;

3. oxido nitrico (NO), um potente vasodilatador endogeno; e

(coagulagao,

4. um grupo de polipeptideos celulares chamados citocinas (FEGHALI e

WRIGTH, 1997).

As respostas fisiologicas desencadeadas por cada mediador pode ser

observada na Tabela 1.

Tabela 1: Mediadores envolvidos em agdes especificas da resposta inflamatéria
Aumento da Quimiotaxia
permeabilidade e ativagao Vasodilatagdo Febre Dor Dano tecidual
vascular leucocitaria
-Aminas -C5a -PGs -IL-1 -PGs -Enzimas
vasoativas -LTB4 -Oxido nitrico -IL-6 -Bradicinina lisossomais de
-C3a e Cb5a -Produtos -TNF Neutrofilos e
-Bradicinina bacterianos-- -PGs macréfagos
-LTs C4, D4, E4 IL-8 -Espécies
-PAF reativas de
oxigénio
-Oxido nitrico

A inflamacdo €& um processo protetor essencial na preservagdo da
integridade do organismo contra agressdes, sejam das quimicas, fisicas ou
biolégicas. Sob esse ponto de vista, a inflamagao desempenha um papel chave na

resposta imune inata. Entretanto, ndo raro, a resposta inflamatéria leva a danos
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nos tecidos normais e seus efeitos fisologicos sdo desagradaveis (FIRNK, 2002;
HABASHY et al., 2004). Adicionalmente, esses eventos podem levar o individuos
a morte, como no choque anafilatico, ou ainda conduzir a doencas crbénicas
debilitantes, como nas doengas reumaticas geradas por falhas na fase de
resolucdo da inflamacéo (STVRTINOVA, JAKUBOVSKY e HULIN, 1995).

Nesse contexto, torna-se necessaria a utilizacdo de farmacos que possam
interferir na inflamagédo de modo a encerra-la apropriadamente, minimizando os
efeitos dolorosos e desconfortaveis e ainda evitando reag¢des exacerbadas.

A interferéncia na inflamacdo pode ser feita em diversas etapas e em
diferentes vias do processo inflamatério, entre as quais se destacam, pela
utilizacao terapéutica eficaz, a inibicdo na liberagao de 6xido nitrico, a inibicdo da
atividade das citocinas, a inibigdo da produg¢do dos leucotrienos, assim como a
inibicdo da produgado ou interagdo das prostaglandinas, onde se encontram os
farmacos antiinflamatérios néo esterdides (AINEs), os farmacos mais utilizados na

terapéutica atual com esse proposito (DANNHARDT e KIEFER, 2001).

2.1.1 Oxido Nitrico

Sob condigdes fisioldgicas, em todo organismo, as concentragdes de 6xido
nitrico (NO) s&o flutuantes em niveis relativamente baixos. Estes niveis s&o
controlados por dois tipos de enzimas, as chamadas oxido nitrico sintases (NOSs),
expressas constitutivamente: a neuronal (NnNOS) e a endotelial (eNOS). Ambas
sdo distribuidas por todo organismo humano. Entretanto, nos estados
inflamatérios, o NO é liberado em grandes quantidades e ocorre uma massiva

expressao da NOS inducivel (INOS) que leva a produgédo de grandes quantidades
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de NO, colocando-o como um subproduto téxico da inflamagédo, que pode ser
inibido através da inibicdo da iNOS, restabelecendo a homeostase (MOLLACE et
al., 2005).

Adicionalmente, em 1993, uma importante relacao entre a NOS e a COX foi
descrita por Salvermini e colaborados (Apud: MOLLACE et al., 2005) (Figura 2). A
interacdo entre a geragao de NO e do sistema enzimatico gerador das PGs ocorre
em diversos niveis:

1° O NO interfere diretamente na expressao da COX;

2° O NO liberado pelos macréfagos exerce uma agao estimulatoria da
atividade da COX-2, uma vez que a molécula sinalizadora *NO pode iniciar a
sintese de prostaglandinas pela reagdo com o anion superéxido (O2e-) para
produzir peroxinitrila, que oxida o ferro do grupo heme por transferéncia de
elétrons do aminoacido tirosina do sitio catalitico da COX (POLI, 2002).

Estimulo Inflamatério

= N

iNOS " COX-2
L
O, + NO ® ONOO PG--

Vasodilatagao
Citotoxicidade
Dor

1l

Inflamacao

Figura 2: Interacao entre INOS e COX-2. A formagao de NO ocorre apés um estimulo inflamatério,
potencializando a atividade da COX-2 (MOLLACE et al., 2005)
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As NOS geram NO a partir da arginina € um numero consideravel de
inibidores estruturalmente relacionados ao substrato L-arginina tem sido
desenvolvidos, a exemplo do conhecido N-(G)-monometil-L-arginina (L-NMMA).
Entretanto, nenhuma dessas substancias atua de forma seletiva para cada uma
das isoformas. Como a inibi¢ao da isoforma endotelial (eNOS) produz hipertensao,
o desenvolvimento farmacéutico de inibidores altamente seletivos da iINOS é
bastante desejavel (STRUB et al., 2005).

Um derivado estrutural da imidazopiridina, o composto BYK191023 (Figura
3), foi sintetizado recentemente e demonstrou poténcia e seletividade frente a
iINOS, sendo uma molécula promissora nao somente como ferramenta de
pesquisas pré-clinicas envolvendo as NOS, mas como um forte candidato a

medicamento (STRUB et al., 2005).

\_ 7/ =
N \\/

N

BYK191023

Figura 3: Estrutura quimica do composto BYK191023 (2-[2-(4-metoxi-piridin-2-il)-etil]-3H-
imidazo[4,5-b]piridina), um inibidor seletivo da INOS

Adicionalmente, substancias que sao doadores de NO combinados com
AINEs (NO-AINEs), tém sido sintetizadas e utilizadas no tratamento de doengas
inflamatérias, sugerindo um possivel efeito benéfico pela agao simultdnea do NO e
de PGs. Estas drogas liberam NO a partir de grupos liberadores em suas
estruturas quimicas exercendo efeitos protetores no estdmago e mediando
diversos componentes envolvidos na defesa da mucosa gastrintestinal. A atividade

antiinflamatéria e analgésica dos NO-AINEs sdo, no minimo, equivalentes aquelas



38

apresentadas pelo AINE que estes contém isoladamente, dentre as quais as NO-

aspirinas, como o composto NCX4016 (Figura 4a e 4b), sdo as que tem

despertado maior interesse, pois exercem efeitos antitrombéticos, antiinflamatérios

iguais ou maiores do que aqueles produzidos pela aspirina, mas nao causam

danos gastrintestinais (WALLACE, IGNARRO e FIORUCCI, 2002).

Aspirina

RN
o
: I o oNO,
(0]

NCX4016

Figura 4a: Estruturas da aspirina e do
NCX4016. O NCX4016 consiste da aspirina
ligada por uma ligagdo éster a um grupo
espagador. O grupo liberador de NO, o ONO,
estd ligado ao espagador (WALLACE,
IGNARRO e FIORUCCI, 2002)

2.1.2 Citocinas

AINE _@
‘Estearases (figado, plasma)

( Liberacéo lenta e
prolonaada

Figura 4b: Metabolismo dos NO-AINEs por
estearases (primeiramente no figado e no
plasma) liberando a farmaco-mae (aspirina)
mais o0 grupamento espagador acoplado ao
grupo liberador de NO. Metabolismo
subseqliente leva a liberagcao de NO, que
pode acontecer horas apds a liberagdo da
droga (WALLACE, IGNARRO e FIORUCCI,
2002)

A inflamagdo é regulada, em parte, pelas citocinas, que sdo pequenas

proteinas, glicosiladas de forma caracteristicas e que interagem com receptores

de membrana com o propdsito de regular processos celulares tais como

proliferacao, diferenciacdo e secrecdo. Existem muitas citocinas conhecidas que

tém acdes estimulantes e supressoras sobre as células linfaticas e a resposta

imune. Algumas das mais conhecidas sao: o fator de necrose tumoral (TNF-a), a
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interleucina-1 (IL-1) e a interleucina-6 (IL-6) (DRISCOL et al., 1997). A interagéao

entre as citocinas na resposta inflamatéria pode ser vista na Figura 5.
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Figura 5: Citocinas na resposta inflamatdria: as citocinas secretadas realizam a sinalizagéo entre
as células imunes a fim de coordenar a reposta inflamatdria. Algumas citocinas, como IL-1, IL-6 e
TNF atuam amplamente para provocar a resposta inflamatdria, enquanto outras atuam em tipos
especificos de células imunes. Macréfagos e outras células fagociticas formam a primeira linha de
defesa contra infecgdes bacterianas. Os macréfagos estimulam a resposta inflamatéria de
neutrofilos, fibroblastos e células endoteliais em resposta a uma infecgao pela secrecdo de IL-1 e
TNF. IL-1 e TNF causam febre através da alteragdo da temperatura corporal no ponto de controle
do hipotalamo. Fibroblastos e células endoteliais respondem a IL-1 e ao TNF com um recrutamento
de mais células imunes ao sitio da inflamagao. A IL-8 secretada € uma quimiocina que atrai
neutrdfilos aos locais infectados. Macréfagos também apresentam antigenos as células T auxiliares
(T-aux) que tem um papel importante na coordenagdo da resposta imune. As T-, induzem
expansao clonal das células T-,,x que responderam ao antigeno, com IL-2 como mediador chave
da proliferagéo e ativagao das T-,.. A atividade citotoxica das células natural killer (NK) e células
NK-linfocina-ativadas (LAK) é estimulada por IL-2 e outras citocinas na presenca de infec¢des
virais ou células tumorais. As T_,x secretam IL-3 e IL-5 para estimular a proliferagéo e ativagédo de
eosindfilos. Os eosindfilos estdo envolvidos na resposta imune as infecgdes parasitarias. As T-,.,
IL-10, IL-4 e outras citocinas sdo requeridas para estimular a resposta das células B. Além da
ativacao e proliferacao de células imune especificamente diferenciadas, as citocinas atuam sobre
as células-tronco hematopoéticas, causando sua proliferagdo e diferenciagdo nas diferentes
células do sistema imune (SHIH, 2001). Fonte: http:// biocarta.com
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Com finalidade terapéutica, as pesquisas tém-se direcionado para o TNF-q,
que tem um papel na iniciagdo da resposta inflamatoria e atua pelas vias paracrina
e autécrina estimulando as células a liberarem outras citocinas, chamadas
quimioquinas, as quais sdo quimioatratoras diretas de leucocitos e outras células
que participam da resposta inflamatéria (DRISCOL et al., 1997). Alguns inibidores
do TNF-a s&o clinicamente utilizados no tratamento das doengas reumaticas.
Entre eles tém-se o infliximab, um anticorpo monoclonal, e o etanercept, um

receptor p75 TNF-a (MIOSSEC, 2004).

2.1.3 Leucotrienos

Os leucotrienos (LTs), derivados lipidicos do acido araquidbnico, sao
sintetizados através de uma rota biossintética que envolve a enzima lipoxigenase
(LOX), chamada via da LOX. Os LTs estédo envolvidos na produgdo e manutengao
da inflamagcdo e, portanto, sdo considerados mediadores da inflamacéo.
Entretanto, moléculas capazes de bloquear a via da LOX, inibidores da LOX ou
antagonistas dos receptores dos LTs s&o insuficientes no tratamento da
inflamac&o, embora sejam potencialmente efetivos no tratamento da asma.
Moléculas capazes de inibir as vias da COX e da LOX (duais) tém sido

desenvolvidas e investigadas farmacologicamente (LEVAL et al., 2002).

2.1.4 Prostaglandinas
As prostaglandinas (PGs) s&o uma familia de moléculas lipossoluveis tipo-

horménio produzidas por diferentes tipos de células no organismo. Ao contrario de
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mediadores aminicos, como histamina e a serotonina, as prostaglandinas nao
existem livremente nos tecidos, mas tém de ser sintetizadas e liberadas em
resposta a um estimulo apropriado. Entre as PGs, a PGE, é a responsavel pelo
aumento da permeabilidade vascular, é pirogénica, aumenta a sensibilidade a dor
e estimula o AMP ciclico leucocitario, que tem um importante efeito supressivo na
liberacdo de mediadores por mastdcitos, linfocitos e fagdcitos (STVRTINOVA,
JAKUBOVSKY e HULIN, 1995).

Na década de 1990, a busca pela compreensao do processo inflamatoério
possibilitou a descoberta de que a enzima cicloxigenase € encontrada em pelo
menos duas isoformas: a cicloxigenase-1 (COX-1) e a cicloxigenase-2 (COX-2), as
quais sao responsaveis por uma etapa chave na biossintese das prostaglandinas
(SIMMONS, BOTTING e HLA, 2004).

Recentemente, uma proteina variante, chamada COX-3 foi identificada.
Esta proteina possui uma produgao de prostaglandinas reduzida, se comparada a
COX-1. Mas farmacos analgésicos/antipiréticos, como o acetaminofeno e a
dipirona inibem preferencialmente esta atividade (CHANDRASEKHARAN et al.,
2002).

Acglbes fisiologicas e patolégicas das prostaglandinas incluem aquelas
associadas a inflamagao, citoprotecdo da mucosa gastrintestinal e controle das
funcdes renais. Altos niveis de COX-1 sdo expressos nas plaquetas, células do
endotélio vascular, estdmago e tubos coletores renais. Prostandides derivados da
COX-1 desempenham um papel importante na tromobogénese e na homeostase

dos tratos gastrintestinal e renal (LEVAL et al., 2002).
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Em contraste, a COX-2 ¢é praticamente indetectacel em condigdes
fisiolégicas, mas sua expressao € inducivel por uma gama de estimulos, tais
como: forbol ésteres, interleuicna-1 (IL-1) ou lipopolissacarideo (LPS). Altos niveis
de COX-2 sao detectados nos exsudatos e na medula espinhal em diferentes
modelos animais de inflamacao. Além disso, destaca-se que inibidores seletivos
da COX-2 apresentam atividade antiinflamatéria, antipirética e propriedades
analgésicas em diversos modelos animais e humanos de inflamagédo (LEVAL et
al., 2002).

Ha indicios de que as prostaglandinas também estejam envolvidas em
outras condigdes patoldgicas. De fato, por afetarem a mitogénese, a adesao
celular, a apoptose e a angiogénese (LEAHY, KOKI e MASFERRER, 2000), as
PGs podem ter um papel importante na patogénese de diversos tipos de canceres.
Superproducdo de PGs e super-expressdo da COX-2 sdo encontradas em
canceres de cabega e pescogo, mama, pulmao, colon e pancreas, sugerindo o
envolvimento da COX-2 na carcinogénese. Tais dados sdo corroborados por
diversos estudos epidemioldgicos que sugerem que a utilizagao regular de AINEs
é eficiente na prevengao de cancer colorretal (LEVAL et al., 2002).

Longos periodos de tratamentos com AINEs tém demonstrado serem
responsaveis por um decréscimo na incidéncia da Doenca de Alzheimer, fato que
sugere o0 envolvimento das prostaglandinas e da COX nesta enfermidade
(HOOZEMANS E O'BANION, 2005).

Envolvidos em mecanismos de modulagcdo da resposta inflamatodria, os
acidos 13-hidroxioctadecadiendico e 15-hidroxieicosatetraendico, assim como a

A12'14

prostaglandina 15-desoxi- -prostaglandina J;, tem sido identificados como
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ligantes enddgenos ativadores dos receptores ativadores da proliferacédo de
peroxissomos (PPARs). Os PPARs sao receptores nucleares que promovem a
transcricao de diversos fatores envolvidos em inumeras fungbes fisiologicas
(ROGLER, 2006).

Muitos estudos tém confirmado as propriedades antiinflamatorias dos
PPARs in vitro e in vivo. A administracao de fibratos em pacientes com lipidemia
moderada leva a um decréscimo nas concentragdes plasmaticas de IL-6, TNF-a,
interferon, fibrinogénio e proteina C reativa, enquanto o tratamento do Diabete
Tipo 2 com rosiglitazona (ativador do PPAR-y ) resulta em diminuigdo nas
concentragdes plasmaticas de MMP-9 (gelatinase-B) e proteina C-reativa
(BLANQUART et al., 2003).

A ativagao do PPAR-a resulta na repressao da sinalizagao do Fator Nuclear
Kappa-B (NF«xB), fator de transcricao para sobrevivéncia celular) e da produgéo de
citocinas em diferentes tipos de células, entre elas a proteina ativadora (AP-1),
que é um fator de transcricdo implicado na inducdo da apoptose em resposta a
estresse ou retirada do fator de crescimento; o fator nuclear de células T ativadas
(NFAT) que regula a expressado de citocinas e proteinas de membrana que
modulam a resposta imune, sinal trasdutor e ativador de trascricdo-1 (STAT-1),
uma proteina citoplasmatica sinalizante envolvida na transducdo de diversas
citocinas (STAELS e FRUCHART, 2005)

O papel do PPAR-y na inflamacdo tem sido descrito em
mondcitos/macrofagos, onde ligantes deste receptor inibem a ativagdo de

macrofagos e a produgdo de citocinas inflamatérias (TNF-a, IL-6 e IL-1pB).



44

Entretanto, o mecanismo dos efeitos antiinflamatoérios destes ligantes n&o envolve
diretamente o PPAR-y, mas sim a modulagdo negativa destas citocinas. A
ativacao do PPAR-y também estimula a diferenciacdo de queratindcitos e reduz a
resposta inflamatdria na pele (HEIKKINEN, AUWERX e ARGMANN, 2007). Estes
resultados sugerem que o papel dos PPARs no controle da resposta inflamatéria
podera ter aplicacbes terapéuticas nas doengas inflamatorias (Figura 6)

(CABRERO, LAGUNA e VAZQUEZ, 2002).

v v
PPARa
PPARy
\ \ /
AP-1 L cEBPB Apq® S
NFAT ~ NFxB NEAT- L STAT-
NF«B
-

INIBICAO DA RESPOSTA INFLAMATORIA
v = ativagdo | = expressao

Figura 6: Inibicdo de diferentes via inflamatérias pelos PPARs. Por interferirem na maioria das rotas
de inflamagédo, os PPARs apresentam fung¢des antiinflamatérias. Estas propriedades levam a
modulagao da expressao de quimiocinas, receptores de quimiocinas e de moléculas de adesao, e
assim, inibem a resposta inflamatéria (BLANQUART et al., 2003).

2.2 Farmacos antiinflamatoérios nao-esteréides

Os farmacos antiinflamatérios nao-esterdides, ou AINEs (Non Steroidal
Antiinflammatory Drugs), sdo os farmacos mais utilizados na terapéutica,
primariamente para o tratamento da dor e da inflamacéo, especialmente em artrite.

Do ponto de vista histérico, o primeiro AINE com beneficios na clinica foi a
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aspirina, que tem sido usada ha mais de 100 anos (DANNHARDT e KIEFER,
2001).

Os AINEs bloqueiam a biossintese de prostaglandinas (PGs) (Vane et al.,
1998) e a sua utilizagdo leva a uma diminui¢cdo global na producédo de PGs. O
tratamento das doengas inflamatérias com tais farmacos leva a graves efeitos
colaterais, como alta incidéncia de irritacdo gastrica, conduzindo a Uulceras e
sangramento, também podendo gerar disfungdes renais e efeito hipertensivo
(PARENTE e PERRETTI, 2002).

Como a COX-1 é a isoforma que produz as PGs responsaveis pelas
funcgdes fisiologicas de citoprote¢cdo e homeostase, enquanto a COX-2 produz as
PGs inflamatorias, os AINEs classicos, por inibirem ambas isoformas, provocam
efeitos colatarais relacionados a inibicdo da COX-1, ou seja, efeitos na
citoprotegao gastrintestinal e na funcéo renal (HAWKEY, 1999). Estas informacdes
conduziram um grande desafio a Quimica Medicinal: produzir farmacos seletivos
para a COX-2, mas que nao apresentassem tais efeitos colaterais (LEVAL et al.,
2000). Em 1998, foi comercializado o primeiro farmaco antiinflamatoério seletivo

para a COX-2: o celecoxib (Celebra®) (HAWKEY, 1999).

2.2.1 Inibidores da cicloxigenase-2

A busca por compostos seletivos para a COX-2, ou seja, substancias
capazes de se ligarem ao sitio ativo da COX-2, mas ndo da COX-1, tem sido
intensa, e o planejamento dessas substancias, baseado na estrutura do sitio ativo

da enzima, ja conhecido, tem gerado substancias com seletividade.
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Muita controvérsia foi gerada desde setembro de 2004, quando rofecoxib foi
retirado do mercado pelos riscos cardiovasculares apresentados, seguido pela
retirada do analogo valdecoxib pelos mesmos motivos. Inibidores seletivos da
COX-2 aumentam os riscos cardiovasculares devido a inibicdo da sintese de
prostaciclinas no tecido endotelial (FUNK e FITGERALD, 2007). Enquanto a
situacdo dos inibidores da COX-2 ainda nao esta totalmente esclarecida sabe-se
que os inibidores da COX, seletivos ou ndo, ainda sdo a melhor escolha

terapéutica no tratamento das doengas inflamatdrias, agudas ou crénicas

(MITCHEL e WARNER, 2006).

2.2.2 Propriedades estruturais das COX-1 e COX-2 responsaveis pela ligagao
do substrato e dos inibidores

A estrutura das COX-1 e COX-2 ja foram bem definidas por cristalografia de
raios-X, sendo homodimeros. Cada monémero consiste de trés grandes sitios: um
dominio tipo fator de crescimento epidérmico, um dominio membrana-ligante e um
dominio catalitico que contem ambos os sitios ativos COX e peroxidase. Ambas
as estruturas revelam um canal que se estende do centro do sitio catalitico até
superficie do sitio membrana-ligante. A regido membrana ligante das COX-1 e
COX-2 fica incorporada no interior da membrana plasmatica, permitindo que o
acido araquidénico livre tenha acesso ao sitio ativo ou canal, onde este é ciclizado
a prostaglandia G, (PGG;). Outra interagdo com o sitio ativo resulta na redugao da
PGG, em PGH; A maioria dos AINEs competem com o acido araquidénico na

ligagcado com o sitio ativo (Figura 7a) (HAWKEY, 1999).
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O grupo hidroxila da serina na posi¢cao 530 (Ser-516 na COX-2) é o alvo
para a acetilagdo e inibicdo irreversivel da COX-1 pela aspirina (SMITH,
GARAVITO e DeWITT, 1996). Analises de raios-X e experimentos envolvendo
mutagdes nas enzimas elucidaram uma funcdo adicional para a Ser-530. Este
aminoacido polar esta envolvido na ligagdo de inibidores que contenham um
grupamento benzoila, tais como a indometacina, ou contendo um NH, como
diclofenaco e meclofenamato (VAN RYN, TRUMMLITZ e PAIRET, 2000).

Dois aspectos na estrutura da COX-2 devem ser considerados na
sensibilidade da ligagdo de seus inibidores seletivos. O primeiro € uma
susbtituicao da lle-523 na COX-1 por uma aminoacido menor, a valina na COX-2
(Val-509) permite o acesso a um bolso lateral (“side pocket”) adjacente ao canal
da COX. Adicionalmente, a diferenca de aminoacidos nas duas isoformas (His-513
na COX-1 e Arg-499 na COX-2) permite a formagédo de uma importante ligacdo de
hidrogénio com os inibidores seletivos da COX-2. A parte estrutural da COX-2
relativa ao bolso lateral tem sido alvo da nova classe de farmacos que sao
inibidores seletivos desta (Figura 7b e 7c) (VAN RYN, TRUMMLITZ e PAIRET,
2000).

A segunda diferenga esta no topo do canal. O aminoacido Phe-503 na
COX-1 é substituido por uma leucina na COX-2 (Leu-489). A presenca de um
residuo menor na COX-2 leva a formagao de um espago extra no topo do sitio de
ligacao, permitindo que inibidores estruturalmente maiores possam se ligar (VAN

RYN, TRUMMLITZ e PAIRET, 2000).
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Figura 7a: As estruturas das COX-1(preto) e
COX-2 (cinza) estao sobrepostas e mostram-
se praticamente sobreponiveis. As hélices
anfipaticas que formam o sitio membrana
ligante estdo destacadas. O sitio peroxidade
esta assinalado, e o sitio COX marcado com
um asterisco (FITZGERALD e LOLL, 2001)
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Figura 7b: Sobreposigédo dos sitios ativos das
COX-1 (preto) e da COX-2 (cinza) ligadas a
inibdores especificos: flubiprofeno (COX-1,
preto) e SC-558 (COX-2, cinza). O
flubiprofeno ocupa a parte superior do sitio
ativo, impedindo a entrada do substrato. O
inibidor seletivo da COX-2 se projeta a
esquerda entrando no bolso lateral, espago
nao ocupado pelo flubiprofeno.

(FITZGERALD e LOLL, 2001)

Mambrane Membrana

COX-1

COX-2

Figura 7c: Representacdo esquematica do sitio ativo das isoenzimas COX-1 e COX-2. A maioria
dos AINEs compete com o acido araquidonico pela ligagdo no sitio ativo de ambas COXs. A
estrutura da COX-2 tem sido alvo de uma nova classe de farmacos mais seletivos (GAUTIER et al.,
2005)

2.2.3 Modificagoes moleculares utilizadas no melhoramento de AINEs
Diversas modificacbes realizadas em AINEs classicos os convertaram em

inibidores seletivos da COX-2 ou inibidores duais COX-LOX, as quais compilam
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preciosas informagdes no que tange a relagdo estrutura quimica e atividade
biolégica destes compostos antiinflamatorios. Farmacos como a indometacina e
zomepirac (Figura 8) ja foram manipulados com sucesso em inibidores seletivos

da COX-2 (KALGUTKAR et al., 2000).
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Figura 8: Farmacos inibidores da COX-2 da classe dos AINEs classicos estruturalmente
modificados. Transformagédo do grupamento acido da indometacina em amida e substituicdo do
grupo carboxilico do zomepirac por um anel piridazinona.

A substituicdo da funcéo acida de diversos fenamatos por 1,3,4-oxadiazol-
2-tionas e 1,3,4-tiadiazol-2-tionas converteu estes fenamatos, inibidores das COX-
1 e COX-2 em inibidores duais, atingindo ambas as COX e também a 5-LOX

(Figura 9) (BOSCHELLI et al., 1992a).
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Figura 9: Estrutura geral do fenamato e de derivados oxadiazdis e tiadiazois sintetizados por
Boschelli e colaboradores (1992a)

Com o mesmo proposito de atingir as enzimas COX e LOX, Boschelli e
colaboradores (1992b) prepararam derivados do tiazolidindnico do acido
meclofenamico (Figura 10) obtendo resultados satisfatérios na atividade dual

sobre as duas enzimas.
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Acido meclofenamico Derivado tiazolidinbnico

Figura 10: Estruturas quimicas do acido meclofenamico e de derivado tiazolidinénico

Derivados da indometacina tem sido modificados, formando inibidores
seletivos da COX-2. O acido 6-cloro-2-(4-clorobenzoil)-1H-indol-3-il-acético (Figura
11) foi identificado pela Pfizer Global Research e desenvolvido como inibidor
seletivo da COX-2 como candidato a farmaco no tratamento da dor e doencas

inflamatdrias (CARON e VAZQUEZ, 2003)
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Figura 11: Estrutura quimica do derivado inddlico acido 6-cloro-2-(4-clorobenzoil)-1H-indol-3-il-
acético

Com o objetivos de obter compostos duais que inibissem as enzimas COX
e LOX, a substituigdo da fungdo acida carboxilica da indometacina por acidos
hidroxadmicos reversos (Figura 12) (KRAMER et al., 1992) levou a formagéo de

compostos inibidores duais da COX e da 5-lipoxigenase (LOX).
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3 \ CH, Y=COOH, CH,COCH3; or N(CH3),
N

o Cl

Acido hidroxamico reverso da indometacina

Figura 12: Estrutura geral de derivados acido hidroxamico reverso da indometacina (KRAMER et
al., 1992).

Derivados da indometacina (Figura 13) foram estudados por Touhey e
colaboradores (2002) frente as enzimas COX e também na inibicdo da proteina
associada a multipla resisténcia a drogas (MRP-1). A indometacina tem
demonstrado capacidade de aumentar a citoxicidade in vitro de inumeros
farmacos com atividade anticancer (incluindo doxorrubicina, daunorrubicina,
epirrubicina, teniposideo e vincristina), quando co-administrados em linhagens de

células que expressam a MRP-1.
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R Cl

Estrutura geral de andlogos da indometacina Acido 1-(4-clorobenzil)-5-metoxi-2-metil-
1H-indol-3-carboxilico

Figura 13: Estrutura geral de analogos da indometacina sintetizados por Touhey e colaboradores
(2002) e composto acido 1-(4-clorobenzil)-5-metoxi-2-metil-1H-indol-3-carboxilico, ativos gente
COX-1, COX-2 e MRP-1

Frente a MRP-1, a mudanga do grupamento N-benzoil por N-benzil (que
permite rotacao livre sobre as ligagbes que unem os dois sistemas arilicos) néao
afetaram a atividade inibitoria. Para COX, os analogos N-benzoil-indometacina
foram efetivos na inibicdo das COX-1 e COX-2, enquanto os analogos N-benzil
apresentaram fraca inibicdo da COX-1, sugerindo que o grupo carbonila seja
importante para a inibicdo da COX-1. Apenas o analogo acido 1-(4-clorobenzil)-5-
metoxi-2-metil-1H-indol-3-carboxilico (Figura 13) demonstrou inibicdo da COX-2,
fraca inibicdo da COX-1 e forte atividade inibitéria da MRP-1 (TOUHEY et al.,
2002).

Utilizando a estratégia de neutralizar o grupamento acido de AINEs com a
finalidade de obter inibidores seletivos da COX-2, tém-se varios estudos com a
indometacina. Kalgutkar e colaboradores (2000) obtiveram derivados ésteres e
amidas da indometacina a partir da transformagcdo do grupamento acido da
indometacina em diferentes ésteres e amidas (Figura 14) capazes de inibir a COX-
2 sem inibir a COX-1. Os ésteres e amidas da indometacina inibiram a enzima
COX-2 humana com concentragdes de ICsy na faixa nanomolar (10°M), enquanto

seus efeitos na COX-1 ovina foram relativamente inferiores.
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Figura 14: Estrutura geral dos derivados amidicos e ésteres da indometacina

Compostos nos quais foram realizados a substituicdo do grupo 4-
clorobenzoil do nitrogénio inddlico por 4-bromobenzoil resultou em moléculas que
mantiveram a seletividade para COX-2, assim como derivados da indometacina
contendo amidas primarias e secundarias foram mais potentes na inibicdo da
COX-2 que as amidas terciarias correspondentes (KALGUTKAR et al., 2000).

A base molecular para a seletividade apresentada por estes compostos néo
esta esclarecida, mas parece envolver ligacdes de hidrogénio aos aminoacidos da
regido carboxilato-ligante do sitio ativo da COX. Os ésteres e amidas da
indometacina nédo se ligam ao bolso lateral como os heterociclos diarilicos
(celecoxib, p.e.) o fazem, mas poderiam romper a constricdo na base do sitio ativo
da COX compreendida entre os aminoacidos Arg-120, Tyr-355 e Glu-524 (Figura
15). Os grupos funcionais éster e amida projetam-se dentro de uma espacgosa
cavidade no dominio membrana-liagante, chamado “lobby”. O modelo estrutural é
compativel com o tamanho dos substituintes ésteres e amidas que podem ser
inseridos na indometacina mantendo a seletividade para COX-2 (TIMOFEESVSKI

et al., 2002).
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Figura 15: Estrutura da indometacina acoplada nos residuos chave
da COX-2 (KURUMBAIL et al., 1996)

A substituicdo do grupo carboxilico da indometacina por uma variedade de
tiazois substituidos (Figura 16), realizada por Woods e colaboradores (2001),
levou a uma série de compostos potentes e inibidores seletivos da COX-2, onde

tiazbis com substituintes aromaticos revelaram-se potentes inibidores da COX-2.

e
Br

Derivado tiazol 4-substituido

Figura 16: Indometacina modificada com tiazéis substituidos

Analogos as estruturas quimicas de Woods (WOODS et al.,, 2001),
derivados  N-triptofil-5-arilideno-2,4-tiazolidinadionas e  N-triptofil-5-arilideno-

rodaninas (Figura 17) foram obtidos por Goées e colaboradores (2004) e avaliados
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para atividade antiinflamatéria, demonstrando-se ativos na prevencao da formagao

do edema de pata induzido por carragenina.

X=0 : N-triptofil-5-arilideno-2,4-tiazolidinadionas
X=S : N-triptofil-5-arilideno-rodaninas

Figura 17: Estrura quimica dos derivados N-triptofil-5-arilideno-2,4-tiazolidinadionas
e N-triptofil-5-arilideno-rodaninas

Recentemente, nosso grupo de pesquisa desenvolveu a sintese de um
novo derivado indol-4-tioxotiazolinona (LPSF-LYS5) (Figura 18) com relevante
atividade antiinflamatéria (SANTOS et al., 2005), o qual, em estudos de docking
na COX-2, apresentou favoraveis valores de energia de ligagao (LEITE et al.,

2005).

(5)-3-(4-clorobenzil)-5-(1H-indol-3-ilmetileno)-4-tioxo-tiazolidin-2-ona (LPSF-LYS5)

Figura 18: Estrutura quimica do (5)-3-(4-clorobenzil)-5-(1H-indol-3-ilmetileno)-4-tioxo-
tiazolidin-2-ona LPSF-LYS5

2.3 Agonistas do PPAR-y

Os ligantes enddgenos ja identificados do PPAR-y incluem inumeros acidos

graxos, eicosanoides, prostaglandinas e seus metabdlitos. Considerados ligantes
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de fraca afinidade, a concentracdo necessaria dos acidos graxos para ativagdo do
PPAR-y sao consistentes com aquelas encontradas no soro humano, enquanto os
acidos graxos poliinsaturados apresentam uma maior afinidade. As
tiazolidinadionas (TZDs) sao ligantes sintéticos de alta afinidade do PPAR-y,
frequentemente chamadas de agonistas PPAR-y. As TZDs sao utilizadas como
agentes sensibilizadores de insulina no tratamento do Diabete tipo 2 (WILLSON et
al., 2000) e estes foram os primeiros compostos identificados como receptores de
alta afinidade pelo PPAR-y . Duas TZDs encontram-se atualmente com utilizagcao

terapéutica, a rosiglitazona e a pioglitazona (Figura 19).
o NN,/“% /O/\ /\]::‘WD O/\‘)(

Rosiglitasona Pioglitazona

Figura 19: Estrutura quimica dos agonistas do PPAR-y que sao comercializados:
rosiglitazona e pioglitazona

2.3.1 Propriedades estruturais do PPAR-y e modificag6es moleculares nos

agonistas

Estruturalmente o PPAR-y tem um grande bolso de ligagdo que acomoda
ligantes lipofilicos pertencentes a diversas classes quimicas, entre elas as TZDs
(DUBUQUOQOY et al.,, 2006). Os estudos das ligacbes entre os agonistas dos
PPARs (todos os subtipos) revelam que os agonistas, tais como TZDs, fibratos e

acidos graxos formam o mesmo tipo de ligagédo, no qual a cabecga acidica participa
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de uma rede de ligagbes de hidrogénios no bolso de ligagdo, o qual inclui um
residuo de tirosina essencial, que fica localiza na porgédo C-terminal da hélice AF-2

(Figura 20) (NOLTE et al., 1998).

o N

Figura 20 : a) Representacao esquematica da estrutura terciaria do PPAR-y (fitas). Em vermelho,
os residuos que formam o “charged clamp”. A rosiglitazona (palitos) aparece ligada por uma rede
de interagdes polares na cavidade do dominio AF-2. b) Estrura secundaria, enfocando os
aminoacidos envolvidos na ligagdo com a rosiglitazona. Os atomos estdo assim representados:
carbono (verde), oxigénio (vermelho), nitrogénio (azul) e enxofre (amarelo) (NOLTE et al., 1998).

Tem sido demonstrado que estes agonistas podem ser dividos em trés
partes (Figura 21). A parte A, € uma cabeca lipofilica, a parte C € uma cauda
hidrofébica, e a parte B é a porgdo da molécula que faz a ligagdo entre A e C. A
parte A revela a necessidade da formacgéao de ligagdes de hidrogénio, conseguida
através de grupamentos hidrofilicos como a porgao tiazolidinénica das TZDs. Os
ligantes da parte C contém um anel aromatico hidrofébico, que pode possuir uma
diversidade muito grande de substituintes sem perder a capacidade de ligagdo. De
acordo com a estrutura de raio-X do PPAR-y, a parte C fica localizada na entrada
do sitio de ligacédo e como esta entrada é bastante flexivel, € compreensivel que
esta porcdo da molécula comporte tamanha diversidade estrutural (CHEN et al,

2005).
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A estrutura cristalografica do PPAR-y mostra que o sitio ocupado pela parte
B é um canal plano. Desse modo, fragmentos planares rigidos sdo seus melhores
ligantes. De fato, a otimizagdo de ligantes nesta porgdo do receptor mostra

preferéncia por anéis planares de cinco ou seis membros (CHEN et al., 2005).
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Figura 21: Estrutura comum aos agonistas do PPAR-y e divisdo em parte A (cabega
hidrofilica), B (linker) e C (cauda lipofilica) (CHEN et al., 2005).

Enquanto esta claro como as TZDs se ligam ao PPAR-y , ainda ndo esta
esclarecido se os efeitos adversos dessa classe de moléculas sao causados pelo
mecanismo de acdo dessas, ou se sao oriundos da estrutura quimica
tiazodolidénica que é comum a essa classe (CHEN et al., 2005).

Visando evitar a recemizagcdo que ocorre com derivados TZDs em
condicOes fisiolégicas, uma série de acidos a-alcoxi-B-fenilpropandico, tais como o
derivado carbazolico, foi sintetizada (Figura 22). Nestes compostos foram
combinados elementos estruturais da rosiglitazona com a classe dos &acidos
alcoxipropandicos, que sao sensibilizadores de insulina que possuem tendéncia
reduzida a racemizagao. Estudos de SAR realizados nessas estruturas concluiram
que uma grande cauda lipofilica confere melhor resultado, uma vez que habilita ao
composto a capacidade de inibir dualmente o PPAR-y e o PPAR-a (MORPHY e

RANKOVICK, 2005).
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Figura 22: Estruturas quimicas do derivado alcéxi-propandico e do farglitazar

Utlizando a tirosina como base de suas estruturas, compostos como
farglitazar (Figura 22) estdo em fase de desenvolvimento. O farglitazar & até o
momento o0 agonista mais potente ja encontrado, apresentando potente redugéao
de gllicemia, redugao de triglicerideos e elevagao do colesterol HDL em pacientes
portadores de Diabetes (FIEDOREK et al., 2000). Sua estrutura ja foi docada no

PPAR-y, e esta ligagdo se da no mesmo sitio onde as TZDs ocupam (Figura 23)

(MARSHAL, LEE e MARSHAL, 2006).
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Figura 23: Farglitazar ancorado no dominio ligante do PPAR-y . Os residuos envolvidos
nas ligagdes de hidrogénio estdo detalhados (MARSHAL, LEE e MASRSHAL, 2006.).
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Lehman e colaboradores (1997) demonstraram que AINEs, como
indometacina, acido flufenamico e fenoprofeno s&o agonistas ativadores dos
PPAR-y e PPARa, sendo a indometacina o mais potente ativador do PPAR-y .

Recentemente, foram publicados estudos demonstrando as evidéncias
quimicas, biolégicas e farmacologicas de que aminosalicilatos sao ligantes
sintéticos do PPAR-y em células epiteliais do colon. O acido 5-amino salicilico (5-
ASA) (Figura 24) é um dos antiinflamatérios mais antigos utilizados na doenca
inflamatéria intestinal crénica, mas seu mecanismo de ag¢ao permanece
desconhecido. Simulagdes do docking do 5-ASA no PPAR-y revelaram que o
modo de ligacdo € similar a orientagdo da cabega tiazolidinbnica (parte A) da
rosiglitazona. O 5-ASA encaixa-se no dominio de ligagdo via ligagcdes de
hidrogénio com os residuos His-323, His-449, Tyr-473, e Ser-289, considerados
pontos determinantes para o reconhecimento molecular e ativacdo do PPAR-y

(Figura 24) (DUBOQOVUY et al., 2006).
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Figura 24: Estrutura quimica do acido 5-amino salicilico (5-ASA) e representagao esquematica da
sua ligagao (verde) no dominio ligante do PPAR-y , formando ligagdes de hidrogénio com os
residuos His-323, His-449, Tyr-473 e Ser-289, de forma anéloga as TZDs (DUBOQOUY et al.,
20086).
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2.4 Estratégias para o design de ligantes multiplos

Existem duas estratégias principais através das quais podem ser iniciados
os estudos de compostos com capacidade de ligagdo multipla. Uma delas se
baseia no “screening” através de “high-troughpout screening” (HTS), e a outra no
conhecimento prévio. No HTS de grandes bibliotecas de compostos, aqueles que
apresentaram qualquer atividade frente ao primeiro alvo, serdo testados frente ao
segundo. O conhecimento prévio utiliza dados anteriormente obtidos para
farmacos, ou outros compostos quimicos ja conhecidos, seja na literatura ou em
banco de dados (MORPHY e RANKOVIC, 2005).

Neste cenario, dois compostos que sao ativos nos seus respectivos alvos
sdo utilizados como ponto de partida (Figura 25). Para incorporar em uma unica
molécula os requisitos estruturais que resultem em atividade nos dois alvos,

elementos estruturais particulares de cada um dos ligantes sdo combinados.
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Figura 25: Etapas no desenho de ligantes em dois alvos (adaptado de MORPHY e RANKOVIC,

2005).
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O sucesso quando se objetiva alcancar dois alvos que pertencem
filogeneticamente a diferentes superfamilias € reconhecidamente mais dificil.
Entretanto, moléculas que acomodam grupamentos farmacoféricos multiplos vém
sendo descritas. Um exemplo foi descrito por Kogen e colaboradores (2003) onde
foi obtida a combinagao para inibir a acetilcolinestarase (AChE) e o transportador
de serotonina (SERT) para o tratamento da Doencga de Alzheimer. A hibridizagao
de dois inibidores, a rivastigmina (AChE) e a fluoxetina (SERT), seguida por
otimizacdo dos substituintes dos grupamentos carbamato e fendxi, levou a um

inibidor dual (Figura 26).
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Figura 26: Desenho de um ligante multiplo que inibe a ACeH e o SERT, realizado a partir da
revistagmina e fluoxetina

O combinatdrio destas informagdes apresentado nesta revisdo nos permitiu
o desenho das moléculas que sera apresentado no item 4 desta tese, através da
incorporacao de elementos estruturais que permitam atingir as enzimas COX 2 e e

também o PPAR-y.
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3 OBJETIVOS

A procura de novos e melhores farmacos antiinflamatérios, como
também o melhoramento dos ja existentes é essencial para o tratamento e
prevencdo das doencas inflamatdrias, especialmente as crbnicas.

Baseadas no conhecimento do papel desempenhado pelas enzimas
COXs, bem como do PPAR-y no processo inflamatério, com suas respectivas
conformacdes espaciais singulares e regibes com caracteristicas quimicas
particulares em seus sitios ativos, a estratégia de integracdo de elementos
estruturais que acessem estes dois alvos envolvem a incorporacdo de
propriedades estruturais especificas em por¢des distintas das moléculas de
modo que as habilitem a promover interacfes quimicas tanto com a enzima
COX quanto com o PPAR-y e, em conseqiéncia, desencadear oS processos
que conduzem a resposta bioldgica desejada.

A observancia dos resultados experimentais e tedricos obtidos em
moléculas derivadas da indometacina, somado ao conhecimento e estudo da
estrutura da enzima COX-2 e de seu sitio ativo, além do sitio de ligacao do
PPAR, subsidiaram o desenho de novas moléculas 5-indol-tiazolidinadionas
gue sejam potencialmente mais ativas e seguras, 0 que constitui objeto deste

trabalho.

3.1 Geral

e Contribuir na descoberta e desenvolvimento de novos agentes

antiinflamatoérios mais eficazes, menos téxicos e com maior aceitabilidade.
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3.2 Especificos

e Preparar, por sintese organica, novos derivados bioisostéricos 5-indol-
tiazolidindnicos antiinflamatorios.

e Elucidar as estruturas quimicas dos compostos sintetizados pelos métodos
espectroscopicos de infravermelho, ressonancia magnética nuclear de
hidrogénio e espectrometria de massas.

e Avaliar a atividade antiinflamatéria de moléculas 5-indol-tiazolidinadionas
em modelos animais.

e Avaliar a seletividade de moléculas 5-indol-tiazolidinbnicas para a enzima
COX-2 dos novos derivados 5-indol-tiazolidinénicos sintetizados.

e Estudar o perfil farmacocinético da molécula mais promissora da série
tiazolidindnica estudada.

e Investigar as caracteristicas moleculares relacionadas a poténcia e

seletividade por meio de estudos de docking.
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4 Desenho de 5-indol tiazolidlnonas visando multi-alvos no tratamento da

inflamacéo

O desenho estrutural de novas moléculas potencialmente antiinflamatoérias
partiu da indometacina, uma molécula capaz de inibir as enzimas COX-1 e COX-2,
e também o PPARYy, alvos pretendidos neste estudo. Foram observadas as
diversas modificagdes realizadas em NSAIDs classicos, assim como as estruturas
de ligantes do PPARYy.

Numa primeira etapa foi analisada a inser¢gdo de grupamento tiazol na
indometacina realizado por Woods e colaboradores (2001) e foi proposta a
substituicdo do tiazol pelo nucleo tiazolidinénico, presente nas TZDs, como a
rosiglitazona.

T it
2L ol g,

i’ =N

5 /&H Rosiglitasona

Molécula proposta

Figura 27: Hipotese para pesquisa e desenvolvimento de moléculas com atividade dual:
incorporacao na estrutura base da indometacina o anel tiazolidinadiénico da rosiglitazona
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Considerando o sucesso obtido anteriormente por nosso grupo de pesquisa
com moléculas similares, propbs-se a retirada do grupamento N-benzoil, e dos
substituintes metil e metdxi da indometacina, chegando-se na molécula basica.
Por conveniéncia de metodologia sintética, uma vez que o custo do processo
sintético também deve ser avaliado no processo de descoberta de novos
farmacos, a ligagdo entre o grupamento indol e a tiazolidina-2,4-diona foi
adequadamente substituida por uma ligagéo dupla.

A molécula matriz aqui representada foi dividida nas por¢dées A, B e C,
recebendo modificagdes moleculares que se construiram (i) de insergdes de
atomos volumosos, como bromo, na porcao A, e a substituicdo do NH inddlico por
um N-acetil; (ii) de um aumento no espagamento entre B e C, introduzindo-se uma
carbonila, a qual também confere a molécula uma maior hidrofilicidade na porgéo
B; e (iii) finalmente, foram testadas na porcdo C diversas substituicbes em
diferentes posi¢cdes com grupamentos tanto retiradores como doadores de

elétrons (Figura 28).
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Figura 28: Hipotese para a descoberta e desenvolvimento de moléculas antiinflamatérias: posi¢cdes
das modificacbes moleculares propostas para série 5-indol-tiazolidinadidnicas
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Novel 5-indol-thiazolidinedinones: synthesis and anti-inflammatory

evaluation

A series of new 5-indol-thiazolidinones 13a-z' was synthesized in order to
obtain a new prototype of anti-inflammatory drugs, designed with hybrid
features to bind cyclooxygenase (COX) and also activate peroxisome
proliferator-activated receptor sub-type gamma (PPAR-y). The anti-inflammatory
activity was evaluated by inhibition of leukocyte migration in mice air pouch
model and in vitro enzymatic inhibition studies were also performed. This study
has led to molecules with interesting anti-inflammatory activity that were

evaluated in terms of structure-activity relationship.

Keywords: thiazolidinones, anti-inflammatory, COX-2.
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1. Introduction

In drug discovery, it has been considered the idea that treatment is
applied to human as a complex biological system, composed by cells and
tissues, networked by redundant, converging and diverging signalizing
pathways. Thus, better results are obtained when responses are evocated by
multipoint intervention, in more than one mechanism and in different targets [1].
According to Csermelin, Agoston e Pongron [2], partial inhibition of two or more
targets is more efficient in pathology resolution than total inhibition of a single
target. In this field, it is situated the concept of multi-target drugs, also known as
dual or symbiotic [3].

Symbiotic compounds can be classified by its action on molecular target.
The first classified group is for those molecules that act on separate targets to
generate combined effect, by inhibition on different target in same pathway; by
different target in different pathways within the same cell, or in different target in
different tissues. On the second classified group, modulation on first target
facilitates action of the second target. On the third, compound acts in different
sites into the same target [4].

Successful multitarget drugs have already been obtained, as duloxetine,
an antidepressant that acts in serotonin and norepinephrin uptake [5].

In inflammation treatment, the multitarget concept is well applicable.
Inflammation is a complex, non-specific and coordinated response to an injury.
This process involves vascular permeability, blood cell migration and plasma
extravasations to damaged tissues. First inflammatory mediators are adhesion

molecules, which are determinant to leukocyte migration to vessel lumen.
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Leukocyte migration initiates complex reactions which are controlled by
intracellular messengers [6].

Important and well described messengers are the prostaglandins, which
are araquidonic acid metabolites from cyclooxygenase, an enzyme presented in
at least two isoforms (COX-1 and COX-2). COX-1 and COX-2 have distinct
expression, regulation and physiologic function. COX-1 is present in most
tissues and is responsible for physiological function as gastric mucosal
maintenance, and COX-2 is present mainly in inflammed tissues. Non-steroidal
anti-inflammatory drugs (NSAIDs) act in both isoforms and anti-inflammatory
effects are attributed to COX-2 inhibition, while gastrointestinal undesired
effects are attributed to COX-1 inhibition [7].

From 1990 anti-inflammatory therapy started to use COX-2 inhibitors, but
after 2005 some of these compounds were retrieved from market due to
cardiovascular risks [8]. Now, they are carefully prescribed but non selective
inhibitors, as NSAIDS, remains as first choice therapy to inflammatory
conditions [9].

Indomethacin, a classical NSAIDs has been described as capable to bind
besides COX enzymes, the nuclear peroxisome proliferator-activated receptors
(PPARs) [10], which are involved in several cell functions that includes
inflammatory response regulation. Pro-inflammatory proteins, such as
chemokines, chemokines receptors and adhesion molecules are inhibited by
PPARs agonists, as rosiglitazone 1 (Figure 1) [11].

Indomethacin 2 (Figure 2) is considered a prototype to COX-2 selective
inhibitors, due to chemical structure flexibility by functional groups

manipulations [12]. 6-choloro-2-(4-chlorobenzoyl)-1H-indol-acetic acid 3 (Figure
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2) was identified by Pfizer Global Research as COX-2 selective inhibitor [13]. By
NSAIDs acid function neutralization, Kalgutkar and co-workers [14], obtained
indomethacin esthers 4 and amides 5 (Figure 2) capable to inhibit COX-2
without inhibiting COX-1, with a COX-2 IC5s in namomolar range.

SAR studies from these indomethacin derivatives demonstrated that
when 4-chlorobenzoyl group at indolic nitrogen was replaced by a 4-
bromobenzoyl group, COX-2 selectivity was conserved and derivates containing
primary and secondary amides were more potent in COX-2 inhibition than
corresponding tertiary amides [14].

Aromatic-thiazoles were replaced in carboxylic moiety from indomethacin
6 (Figure 2) by Woods and co-workers [15], and compounds from this series
were COX-2 potent and selective inhibitors. Similar to those, N-trypyofil-5-
arylidene-2,4-thiazolidinediones 7 and N-tryptofil-5-arylidene-rhodanine 8
(Figure 2) were obtained and evaluated to anti-inflammatory activity, exhibiting
activity in carrageenin induced rat paw edema [16].

Our group recently published the synthesis of (5)-3-(4-chlorobenzyl)-5-
(1H-indol-3-ylmethylene)-4-thioxo-thiazolidin-2-one (LYS5) 9 (Figure 2) which
exhibited interesting anti-inflammatory activity [17]. The chemical structure of
LYS5 has hybridization chemical features, in which same molecule, indolic
moiety from indomethacin 2 is attached to a central thiazolidinonic ring, the
PPAR-gamma activator pharmacophoric group in agonists as rosiglitasone 1
(Figure 3).

Optimizing this promising compound, a chemical series of 27 new indol-

2,3-thaizolidinones compounds were synthesized 13a-z’.
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2. Results and Discussion

2.1 Chemistry

New 5-indolthiazolidinones were obtained by synthetic route presented at
Figure 4. Starting reagent was thiazolidin-2,4-dione 10 which was reacted with
aryl halides in basic medium to obtain N-benzylated intermediates 11a-n (Table
1). Laterally, ethyl-2-cyane-3-indol-acrylates 12a-c (Table 1) were synthesized
by Knoavenagel condensation between different indol-3-carbaldheydes and
ethyl cyaneacetate. As a final step, a Michel type addition was performed
reacting N-benzyl intermediates 11a-n with ethyl-2-cyane-3-indol-acrylates 12a-
c, forming final 5-indol-3-benzyl-2,4-thiazolidinediones compounds 13a-z’
(Table1). '"H NMR analysis revealed that 5-indol-thiazolidinediones were
isolated in a single isomer form. X-ray crystallographic studies and *C NMR
have demonstrated preference to Z configuration for 5-arylidene-thiazolidinones
[17]. Compound 13x was analyzed by LC/MS/MS and presented both isomers
in a 77:23 ratio. Preference to Z configuration was confirmed by configurational
analysis of 13x by AM1 method [18] available in the BioMedCache software
[BioMedCAChe version 6.1, Copyright ©2000-2003 Fujitsu Limited,
Copyright©1989-2000, Oxford Molecular Ltd.,http:///www.CACheSoftware.com],
using internal default settings for convergence criteria. Chemical shifts listed in
experimental part are those of the Z isomer, which is the prevalent isomer. MS
data, by ESI method, fully agree with proposed structures, having M-H, M+H or
M+22 ion peak.
2.2 Air pouch model
Compounds 13e, 13f, 13}, 13i, 13q and 13y were tested for anti-inflammatory

activity by air pouch model, as previously described by Klemm, Harris e Parretti
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[19] using carrageenin as inflammatory stimulus [20] where leukocyte migration
is proportionally related with inflammatory response. Results obtained are
described in Table 2. Compounds 13e and 13q did not present expressive anti-
inflammatory activity in tested doses. At highest tested dose (50mg/kg), they
presented only 14,0 + 5,34 e 36,7+ 10,0 % inhibition, respectively. Compound
13i was tested only with 3mg/kg dosis and revealed more then 50% of
leukocyte migration inhibition, which could be considered a promising result. At
the same dose, 13j exhibited 52,0 =+ 7,6% anti-inflammatory activity, and at
higher doses, lead to diminished activity. This particular behaviour could be
result of compound low solubility in physiological fluids, leading to poor
absorption when higher concentrations of 13j were presented.

Best results were obtained with 13f and 13y. At all tested doses they presented
results about 60-70%, without activity increment when doses were raised,
suggesting that maximum effect could have been already reached. Poor
absorption due low solubility, as suggested to 13j, also should be considered.
Comparing 5-indol-thazolidone compounds with standard anti-inflammatory
drugs, we observed that some, as 13f and 13y performed similar results,

showing series interesting potential.

2.3 COX-1 and COX-2 in vitro inhibition

COX-1 and COX-2 inhibition by 13e, 13t, 13u, 13z, 13f, 13y, 13j, 139, 13i and
13k at 0,01, 1, and 10 uM was evaluated in vitro by an indirect method where
the oxidation of the peroxidase co-substrate N,N,N’,N’-tetramethyl-p-

phenylenediamine (TMPD) forms a blue compound that reflects the rate of
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conversion of arachidonic acid to PGH,, firstly described by Kulmacz and Lands
[21]. Results are reported in Table 3.

COX inhibition revealed that 13f, 13g, 13i and 13j were weak COX-1 and COX-
2 inhibitors, exhibiting slightly preference to COX-1. Thiazolidinone 13y was
also a weak inhibitor to both COXs, but it was the only tested compound that
inhibited slightly preference to COX-2. Compounds 13k, 13t, 13u and 13z
inhibited only COX-1 isoform, and 13e did not inhibit both COXs in tested
doses, which is compatible with in vivo results, where 13e exhibited weak anti-
inflammatory properties.

In vitro results confirm anti-inflammatory results obtained in vivo, where higher
COXs inhibitions rates were presented by 13f and 13y, same compounds that
presented higher leukocyte migration inhibition. But it is important to note that
maximum inhibition results obtained, with higher concentration (10uM), was not
SO expressive as in vivo results. As inflammatory response is a process derived
from several different mediators pathways, there is a strong suggestion that in
vivo results were reached by compounds action not only in COX pathway, and
this possibility should be further investigated.

Structurally 13f, the most active and potent tested compound in air pouch
model, presented a replacement by an hydrogen to a bromo in indolic ring, and
this is the only difference between 13f and 13e. Thiazolidinone 13e were not
COXs inhibitor and also didn’t show expressive in vivo results. This structural
feature provides and increased hydrophobicity and it could be responsible for
the increased activity.

Comparing 13f with 13y, another compound with expressive results, the only

structural difference is the distance between thiazolidinic and bezylic ring, which
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is enlarged by a carbonyl group in [13y] structure. The presence of a carbonyl
group results in larger distance between rings, additional hydrogen bond site
and additional rotation possibility. However, these features did not change
inflammatory activity between 13f and 13y. Analysing all tested compounds,
difference in benzylic group led to some difference in activity, but data obtained

didn’t reveal a relationship and more studies should be done to establish that.

3. Conclusions
A 5-indol-thiazolidinone series was successfully obtained and, from this series,
13f and 13y compounds were the most active ones. The weak COXs inhibition
from series compounds but strong suppression in inflammatory response,
indicate that those molecules could be acting in more than one inflammatory
mechanism, which should be investigated. Compounds optimization aiming
better solubility in physiological fluids should be done.
4. Experimental

4.1 Chemistry

Chemical reagents were purchased from Merck (Germany) and Sigma-
Aldrich (USA), and solvents from Vetec (Brazil). Reactions were monitored with
analytical thin layer chromatography (TLC) in EM silica gel 60 F254 plates and
visualized under UV (254 nm). Flash column chromatography was performed
using Merck silica gel 60 (230-400 mesh). Melting points were determined on a
Quimis 340 capillary melting point apparatus and were not corrected. The
infrared spectra were recorded as KBr discs using a BRUKER (IFS 66) infrared
spectrophotometer. 1H NMR spectra were recorded on a UNITYplus — 300 MHz

— VARIAN spectrometer at 20 °C. Chemical shifts (& ppm) were assigned
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according to the internal standard signal of tetramethylsilane in DMSOds (6 = 0
ppm). Coupling constants (J) are reported in Hz. Splitting patterns are described
by using the following abbreviations: s, singlet; d, doublet; t, triplet; g, quartet;
m, multiplet. '"H NMR spectra are reported in this order: chemical shift;
multiplicity; number(s) and type of proton and coupling constant(s). Mass
spectra with ESI mass spectra were obtained on a Waters/Micromass.
(Manchester, UK) ZQ mass spectrometer. The molecular masses of the
compounds were estimated from the m/z ratio of the protonated molecular ions
of the formula (M+H)+ in positive ionisation mode, and deprotonated molecular
ions of the formula (M-H)- in negative ionisation mode. LC/MS/MS were
performed in a Shimadzu® HPLC system coupled to a mass spectrometer
Micromass®, equiped with a double quadrupole and an electrospray ionization
interface, operated in a negative mode using a C18 Waters Novapack®.column.
Thiazolidine-2,4-dione 10 [22] and intermediates 11a [22], 11b [23], 11c [24],
11d [25], 119 [23], 11j [26] , 11k [27], 11m [28], 11n [25] and 12a [29] were
synthesized according to the literature.

4.2 Intermediates 11a-n

Thiazolidin-2,4-dione was solubilizated in absolute ethanol and while stirred a
potassium hydroxide solution was added drop by drop. Few minutes later, aryl
halide was added and mixture heated at 70°C for 4-48 hours, depending on
reagent consumption velocity. Mixture was then cooled and solid formed was
separated by filtration. When necessary, purification was done by
recristalyzation with hot ethanol.

4.2.1 3-(4-trifluoromethylbenzyl)-thiazolidine-2,4-dione 11e
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MF: C11HgF3NO,S; MW: 275.24; MP: 89-90°C; Yied: 35%; IR (v,cm™ .KBr): 3417
cm™, 3007 cm™, 1753cm™”, 1671 cm1; 1385 cm1’ NMR'H (300 MHZ,
DMSOdg): d(2H, benzylic) 7,733-7,705 J=8,4; d(2H, benzylic) 7,530-7,481
J=8,4; s(2H NCH;) 4,767; s(2H, cyclic CH>) 4,290; MS (m/z; relative intensity):
274,2 (IM-HJ', 100), 143,2 (5), 116,1 (9).

4.2.2 3-(4-tertbutylbenzyl)-thiazolidine-2,4-dione 11f

MF: C14H17NO2S; MW: 263.35; MP: 110-112 °C; Yied: 86%; IR (v,cm™.KBr):
3395 cm™, 2951 cm™, 1713 cm™, 1376 cm™; 1150 cm™1; NMR'H (300 MHZ,
DMSOdg): d(2H, benzylic) 7,367-7,339 J=8,4; d(2H, benzylic) 7,207-7,179
J=8,4; s(2H NCH,) 4,625; s(2H, cyclic CH,) 4,268; s(9H, tert-butyl) 1,251; MS
(m/z; relative intensity): 286,2 ([M+Na]", 50), 281,3 (100), 264,3 (8), 147,3 (20),
117,2 (13).

4.2.3 3-(2-chloro-6-fluorobenzyl)-thiazolidine-2,4-dione 11h

MF: CyoH;CIFNO,S; MW: 259.68; MP: 90°C; Yied: 11% IR (v,cm™.KBr):
1681,62 cm™, 1380,72 cm™, 1337,07cm™, 970,66 cm™1;; NMR'H (300 MHZ,
DMSOds): m(2H, benzylic) 7,429-7,307; dt(1H, benzylic) 7,253-7,192; s(2H,
NCH,) 4,807; s(2H cyclic CHy) 4,215, MS (m/z; relative intensity): 282,1
(IM+Na]*, 30), 277,1 (27), 117,1 (15), 112,9 (100).

4.2.4 3-(3-fluorobenzyl)-thiazolidine-2,4-dione 11i

MF: C1oHgFNO,2S; MW: 225.23; MP: 59-60 °C; Yied:: 92%; IR (v,cm™.KBr):
3075 cm™, 2982 cm™, 1744 cm™, 1682 cm1; 1379 cm INMR'H (300 MHZ,
DMSOdg): dd(2H, benzylic) 7,342-7,294 J=5,4; t(2H, benzylic) 7,197-7,137 J=9;
s(2H N CH;) 4,651; s(2H cyclic CHy) 4,264. MS (m/z; relative intensity): 246

(IM+NaJ*, 10), 214 (100)
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4.3 Indol-cyane acrylates 12a-c

Aldheydes 1-H-indol-3-carbaldheyde, 5-bromo 1-H-indol-3-carbaldheyde, or 1-
acetyl-indol-3-carbaldheyde and ethyl cyaneacetate were reacted using
benzene as solvent and piperidin as catalyzer. Reaction mixture was heated to
110°C during 2-24 hours. After that, reaction back to room temperature and
formed solid was filtrated. 12c was purified by column chromatography on flash
silica gel (hexane / ethyl acetate = 8:2).

4.3.1 Ethyl (22)-3-(5-bromo-1H-indol-3-yl)-2-cyanoacrylate 12b

MF: C14 Hy1 Br N2 Oz, MW: 319.15; MP: 201-204 °C; Yied: 91%; IR (v,cm™ .KBr):
3366,21 cm™, 2213,35 cm™, 1683,00 cm™, 1288,80 cm™1; NMR1H (300 MHZ,
DMSOds): s(1H, indol) 12,681; s(1H, indol) 8,588; d(1H, indol) 7,551-7,520
J=8,7; dd(1H, indol) 7,433-7,398 J= 8,7 e J=1,8; d(1H, indol) 7,259-7,280 J=1,8;
s(1H, =CH), 8,598; q(2H, ethyl) 4,323-4,252 J=7,2; t(3H, ethyl) 1,329-1,282 J=
7,2; MS (m/z; relative intensity): 319,1 ([M-H], 100), 245,1 (17), 163,2 (51),

112,0 (18).

4.3.2 (22)-3-(1-acetyl-2,3-dihydro-1H-indol-3-yl)-2-cyanoacrylate 12c

MF: CysH16N203. MW: 284.30; MP: 110-112 °C; Yied: 35%; IR (v,cm™.KBr):
2983,00 cm™, 2216,35 cm™, 1723,62 cm™, 1238,78 cm1; NMR1H (300 MHZ,
DMSOdg): s(1H, indol) 8,592; d(1H, indol) 8,381-8,356 J=7,5; d(1H, indol)
8,080-8,057 J= 6,9; m(2H, indol) 7,519-7,412; s(3H, N-acetyl) 2,760; s(1H,

=CH), 8,821; q(2H, ehtyl) 4,378-4,307 J=7,2; t(3H, ehtyl) 1,355-1,308 J= 7,2
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4.4 5-indol-thiazolidnones 13a-z

Equimolar amounts of N-benzylated thaizolidin-2,4-dione 1la-n and
cyaneacrylates 12a-c were reacted using absolute ethanol as solvent and
piperidin as catalyzer. Mixture was heated to 50°C during a variable time from
15 minutes to 72 hours, depending on reagents consumption velocity. After that,
solid formed was filtrated and washed with ethanol and n-hexane. N-acetyl

derivatives were purified by column chromatography.

4.4.1 (5Z)-3-benzyl-5-(1H-indol-3-ylmethylene)-thiazolidin-2,4-dione 13a

MF: C1g Hi4 N2 O2 S; MW: 334.39; MP: 237 °C; Yied: 46%, IR (v, cm™; KBr):
3418,49 cm™, 1723,62 cm™;1661,56 cm™;1594,98 cm™; NMR'H (300 MHZ,
DMSOds): s (1H, indol) 12,196; m (2H, indol) 7,289-7,182; d (1H, indol) 7,929-
7,905 J=7,2; d (1H, indol) 7,523-7,499 J= 7,2; s (1H, indol) 7,827; s (1H, =CH)
8,223; s (2H, NCHy) 4,840; m (5H, benzylic) 7,387-7,285;

4.4.2 (5Z)-3-benzyl-5-[(5-bromo-1H-indol-3-yImethylene)-thiazolidin-2,4-dione
13b

MF: C19 Hi3 Br N2 Oz S; MW: 413.28; MP: 224-226 °C; Yied: 40 %; IR (v, cm™;
KBr):: 3316,56 cm™, 1728,51 cm™, 1671,34 cm™, 1607,02 cm™, NMR'H (300
MHZ, DMSOds): s (1H, indol) 12,345; dd (1H, indol) 7,388-7,353 J=8,7 ¢ 1,8;
d(1H, indol) 7,486-7,458 J= 8,4; d (1H, indol) 8,217-8,121 J=1,5; s (1H, indol)
7,864; s (1H, =CH) 8,250; s (2H, NCH) 4,843; m (5H, benzylic) 7,359-7,299;
MS (m/z; relative intensity): 413,0 ([M-HT, 100), 317,1 (4), 143,2 (5), 115,2 (7).
4.4.3 (5Z)-5-[(1-acetyl-1H-indol-3-il)methylene]-3-benzyl-thiazolidin-2,4-dione

13c
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MF: Co1H16N203S; MW: 376.42; MP: 221-222 °C; Yied: 4%; NMR'H (300 MHZ,
DMSOds): s(3H, N-acetyl) 2,789; m (2H, indol) 7,477-7,410; d (1H, indol) 8,027-
8,002 J=8,7; d (1H, indol) 8,391-8,362 J=8,7; s (1H, indol) 7,975; s (1H, =CH)
8,165; s (2H, NCH) 4,870; m(5H, benzylic) 7,373-7,315; MS (m/z; relative
intensity): 413,0 ((M+Na]*, 100), 377,1 (21), 335,2 (21), 152,2 (32), 129,1 (76),
115,1 (62).

4.4.4 (52)-3-(4-fluorbenzyl)-5-(1H-indol-3-yImethylene)-thiazolidin-2,4-dione 13d
MF: C19H13FN20,S; MW: 352.38; MP: 240-241 °C; Yied: 32,32%; IR (v, cm™;
KBr):: 3278,19 cm™; 1723,62 cm™; 1666,45 cm™; 1599,87 cm™; NMR'H (300
MHZ, DMSOds): s (1H, indol) 12,227;m (2H, indol) 7,160-7,286; d (1H, indol)
7,932-7,908 J=7,2; d (1H, indol) 7,252-7,498 J=8,1; s (1H, indol) 7,826; s (1H,
=CH) 8,222; s (2H, NCH) 4,826; dd (2H, benzylic) 7,402-7,335 J=8,7 € 5,7; t
(2H, benzylic) 7,160-7,218 J= 9; MS (m/z; relative intensity): 351,1 ([M-H]', 100),
309,3 (5), 265,3 (10), 239,3 (9), 172,2 (9).

4.4.5 (5EZ)-3-(4-chlorobenzyl)-5-(1H-indol-3-ylmethylene)-thiazolidin-2,4-dione
13e

MF: C19 H13 CI N2 02 S; MW: 368.83; MP: 239-241 °C; Yied: 58%; IR (v,cm™,
KBr): 3259,38 cm™; 1723,62 cm™; 1666,45 cm™"; 1599,87 cm™; NMR'H (300
MHZ, DMSOds): s (1H, indol) 12,32;1; m (2H, indol) 7,181-7,288 J=7,2; d (1H,
indol) 7,931-7,907 J=7,2; d (1H, indol) 7,529-7,505 J=7,2; s (1H, indol) 7,828;
s (1H, =CH) 8,223; s (2H, NCH) 4,830; dd (4H, benzylic) 7,443-7,330

4.4.6 (5E)-5-[(5-bromo-1H-indol-3-il)methylene]-3-(4-chlorobenzyl)-thiazolidin-
2,4-dione 13f

MF: C19 H12 Br CI N2 Oy S; MW: 447.73; MP: 265 °C; Yied: 60 %; IR (v,cm™,

Kbr): 3389,90 cm™, 1730,77 cm™, 1671,34 cm™, 1607,02 cm™; NMR'H (300
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MHZ, DMSOds): d (1H, indol) 12,368-12,358 J=3; dd (1H, indol) 7,417-7,382 J=
1,8 € 8,7; d (1H, indol) 7-486-7,457 J=8,7; d (1H, indol) 8,224-8,218 J=1,8; s
(1H, indol) 7,874-7,864 J=3; s (1H, =CH) 8,252; s (2H, NCH>) 4,830; m (4H,
benzylic) 7,45-7,329; MS (m/z; relative intensity): 447,0 ([M-H], 100), 3171
(15), 265,3 (7), 240,2 (7), 161,0 (9).

4.4.7 (5Z)-5-[(1-acetyl-1H-indol-3-yl)methylene]-3-(4-chlorobenzyl)-thiazolidin-
2,4-dione 13g

MF: C1H15CIN203S; MW: 410.87; MP: 215 °C; Yied: 11% NMR'H (300 MHZ,
DMSOds): s(3H, N-acetyl) 2,790; m (2H, indol) 7,526-7,459; d (1H, indol) 8,026-
8,002 J=7,2; d (1H, indol) 8,386-8,361 J=7,5; s (1H, indol) 7,969; s (1H, =CH)
8,161; s (2H, NCH) 4,858; m(4H, benzylic) 7,451-7,295

4.4.8 (5Z)-3-(4-bromobenzyl)-5-(1H-indol-3-ylmethylene)-thiazolidin-2,4-dione
13h

MF: Cyg Hi3 Br N2 Oz S; MW: 413.28; MP: 245 °C; Yied: 63 %; IR (v,cm™, KBr):
3264,27 cm™; 1721,36 cm™, 1664,19 cm™, 1599,87 cm™; NMR'H (300 MHZ,
DMSOds): s (1H, indol) 12,207; m (2H; indol) 7,240-7,178; d (1H, indol) 7,928-
7,904 J=7,2; d (1H, indol) 7,524-7,5499 J= 7,5; s (1H, indol) 7,829; s (1H, =CH)
8,220; s (2H, NCH,) 4,810 ;d (2H, benzylic) 7,572-7,544 J= 8,4; d (2H, benzylic)
7,294-7,266 J= 8,4; MS (m/z; relative intensity): 413,0 ([M-HJ, 100), 265,3 (9),
239,3 (33), 198,0 (23), 161 (11), 128,1 (52).

4.4.9 (5Z)-3-(4-bromobenzyl)-5-[(5-bromo-1H-indol-3-ylmethylene)-thiazolidin-
2,4-dione 13i

MF: C19 Hi2 Bra N2 O, S; MW: 492.18; MP: 270 °C; Yied: 54 %; IR (v,cm™, KBr):
3395,17 cm™, 1730,77 cm™, 1673,59 cm™, 1609,65 cm™; NMR'H (DMSOds): s

(1H, indol) 12,364; dd (2H, indol) 7,387-7,352 J= 8,7 e 1,8; d (1H, indol) 7,486-
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7,457 J=8,7; d (1H, indol) 8,216-8,211 J= 1,5; s (1H, indol) 7,864; s (1H, =CH)
8,247; s (2H, NCH,) 4,812; d (2H, benzylic) 7,575-7,330 J= 8,1; d (2H, benzylic)
7,294-7,267 J= 8,1

4.4.10 (5Z)-5-(1H-indol-3-yImethylene)-3-[4-(trifluoromethyl)benzyl]-thiazolidin-
2,4-dione 13]

MF: CooH13F3N202S; MW: 402.38; MP: 232-234 °C; Yied: 32 %; IR (v, cm™ ,
KBr): 3316,56 cm™1723,62 cm™; 1657,04 cm™ 1592,72 cm™; NMR'H (300
MHZ, 300 MHZ, DMSOds): s(1H, indol) 12,229; d(1H, indol) 7,506-7,531; m(2H,
indol) 7,189-7,290; d(1H, indol) 7,939-7,915; s(1H, indol) 7,852; s (1H, =CH)
8,239, s (2H, NCH,) 4,942, d (2H, benzylic) 7,755-7,728; d (2H, benzylic) 7,557-
7,531; MS (m/z; relative intensity): 401,1 ([M-HT, 100), 265,3 (8), 172,2 (70),
140,2 (15).

4.4.11 (5Z)-5-[(5-bromo-1H-indol-3-il)methylene]-3-[4-(trifluoromethyl)benzyl]-
thiazolidin-2,4-dione 13k

MF: CooH12BrF3N20,S; MW: 481.28; MP: 230 °C; Yied: 47,76%; IR (v, cm™,
KBr): 3421,12 cm™;1730,67 cm™ ;1673,97 cm™ ;1607,39 cm™ ;NMR'H (300
MHZ, DMSOds): s (1H, indol) 12,300; d(1H, indol) 7,494-7,465 J= 8,7; dd (1H,
indol) 7,358-7,393 J= 8,7 e 1,8; d(1H, indol) 8,227-8,221 J= 1,8; s(1H, indol)
7,887; s (1H, =CH) 8,268; s (2H, NCH,) 4,943; d (2H, benzylic) 7,757-7,729; d
(2H, benzylic) 7,555-7,529;

4.4.12 (5Z)-5-[(1-acetyl-1H-indol-3-yl)methylene]-3-[4-(trifluoromethyl)benzyl]-
thiazolidin-2,4-dione 13|

MF: CooH15F3N203S; MW: 444.42; MP: 208 °C; Yied: 6%; IR (v, cm™, KBr):
1711,96 cm™;1735,65 cm™;1680,74 cm™ ; NMR'H (300 MHZ, DMSOds): m

(2H, indol) 7,477-7,416, d (1H, indol) 8,031-8,007 J= 7,2, d (1H, indol) 8,388-
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8,362 J= 7,8, s (2H, N-acetyl) 2,794, s (1H, indol) 7,978; s (1H, =CH) 8,174; s
(2H, NCH) 4,966; d (2H, benzylic) 7,578-7,739 J= 7,8, d (2H, benzylic) 7,765-
7,739

4.4.13 (52)-3-(4-tert-butylbenzyl)-5-(1H-indol-3-ylmethylene)-thiazolidin-2,4-
dione 13m

MF: Ca3H2oN»0,S; MW: 390.49; MP: 210-213 °C;Yied: 15 %; IR (v, cm™, KBr):
3297,37 cm™ ;;1728,51 cm™;1666,45 cm™ ;1597,61 cm™ ; NMR'H (300 MHZ,
DMSOds): s (1H, indol) 12,225; d (1H, indol) 7,501-7,526; m (2H, indol) 7,182-
7,288; d (1H, indol) 7,909-7,933; s (1H, indol) 7,829; s (1H, =CH) 8,218; s (2H,
NCH.) 4,800; d (2H, benzylic) 7,392-7,364 J=8,4; d (2H, benzylic) 7,261-7,233
J=8,4; s (9H, tert-butyl) 1,254; MS (m/z; relative intensity): 389,2 ([M-H]", 100),
172,1 (65), 140,1 (12), 138,2 (8).

4.4.14 (5Z)-3-(2,4-dichlorobenzyl)-5-(1H-indol-3-ylmethylene)-thiazolidin-2,4-
dione 13n

MF: C19H12CI2N20,2S; MW: 403.28; MP: 200 °C; Yied: 22,7%; IR (v, cm™, KBr):
3356,80 cm™;1728,51 cm™;1669,08 cm™;1595,36 cm™ ; e 1569,03 cm’”
:NMR'H (300 MHZ, DMSOdg): s (1H, indol) 10,231; d (1H, indol) 7,538-7,513;
m (2H, indol) 7,211-7,277; d (1H, indol) 7,952-7,925; s (1H, indol) 7,865; s (1H,
=CH) 8,238; s (2H, NCH>) 4,896; d (2H, benzylic) 7,621-7,627 J=1,8; d (1H,
benzylic) 7,343-7,315 J= 8,4; dd (1H, benzylic) 7,455-7,418 J=2,1 e 8,7
4.4.15 (5Z)-5-[(5-bromo-1H-indol-3-il)methylene]-3-(2,4-dichlorobenzyl)-
thiazolidin-2,4-dione 130

MF: C19H11BrCI,N,0,S; MW: 482.17; MP: 240 °C; Yied: 15%; IR (v, cm™, KBr):
3359,06 cm™;1725,88 cm™ ;1678,48 cm™ ;1602,50 cm™ ; NMR'H (300 MHZ,

DMSOds): s (1H, indol) 10,229; d (1H, indol) 7,695-7,688 J=2,1; dd (1H, indol)



85

7,395-7,361 J= 8,4 e 21; d (1H, indol) 7,499-7,470 J= 8,7; s(1H, indol) 7,895; s
(1H, =CH) 8,265; s (2H, NCH) 4,892; d (1H, benzylic) 7,361-7,312 J= 8,7; dd
(1H, benzylic) 7,452-7,417 J= 8,4 e 2,1; d (1H, benzylic) 7,626-7,619 J=2,1
4.4.16 (5Z)-3-(2-chloro-6-fluorbenzyl)-5-(1H-indol-3-ylmethylene)-thiazolidin-
2,4-dione 13p

MF: C19H12CIFN,O,S; MW: 386.82; MP: 220-222 °C;; Yied: 8,4%; IR (v, cm™,
KBr): 3244,59 cm™ ;1729,49 cm™ ;1668,80 cm™;1596,83 cm™ ; NMR'H (300
MHZ, DMSOd®): s (1H, indol) 9,007; d (1H, indol) 7,515-7,491 J=7,2; m (2H,
indol) 7,250-7,192 (overlaped with benzylic); d (1H, indolic) 7,912-7,888 J=7,2;
s (1H, =CH) 8,170; s (2H, NCHy) 4,983; m (2H, benzylic) 7,450-7,329
(overlapped with indolic); m (1H, benzylic) 7,227-7,244 (overlapped with
indolic); MS (m/z; relative intensity): 385,1 ([M-H], 57), 239,2 (100), 172,2 (5),
143,2 (13), 115,1 (12).

4.4.17 (52)-3-(3-fluorbenzyl)-5-(1H-indol-3-ilmethylen)-thiazolidin-2,4-dione 13q
MF: C19H13FN20,S; MW: 352.38; MP: 218-219 °C; Yied: 18%; IR (v, cm™, KBr):
3394,29 cm™;1721,53 cm™;1658,84 cm™ ;1593,60 cm™ ; NMR'H (300 MHZ,
DMSOds): s (1H, indol) 12,100; m (2H, indol) 7,182-7,129; d (1H, indol) 7,528-
7,501; d (1H, indol) 7,931-7,907; s (1H, indol) 7,835; s (1H, =CH) 8,229; s (2H,
NCH>) 4,855; m (1H, benzylic) 7,447-7,372; m (3H, benzylic) 7,289-7,202; MS
(m/z; relative intensity): 351,1 ([M-HT, 52), 195,1 (12), 172,2 (100), 165,2 (7),
116,1 (8).

4.4.18 : (52)-5-[(5-bromo-1H-indol-3-il)methylen]-3-(3-fluorbenzyl)-thiazolidin-
2,4-dione 13r

MF: C19H12BrFN20,S; MW: 431.27; MP: 234-237 °C; Yied: 18%; IR (v, cm™,

KBr): 3354,29 cm™ ;1729,49 cm™ ;1668,75 cm™ ;1605,83 cm™ ; NMR'H (300
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MHZ, DMSOds): s (1H, indol) 12,200; d(1H, indol) 7,460-7,458; d(1H, indol)
7,489-7,787; s(1H, indol) 7,874; s (1H, =CH) 8,255; s (2H, NCH) 4,857; d (1H,
benzylic) 7,354-7,360; t (1H, benzylic) 7,129-7,173; d (1H, benzylic) 7,382-
7,388

4.4.19 (52)-3-(2-bromobenzyl)-5-(1H-indol-3-ylmethylene)-thiazolidin-2,4-dione
13s

MF: Cyg Hi3 Br N2 Oz S; MW: 413.28; MP: 259-260 °C; Yied: 60%; IR (v, cm™,
KBr): 3385,10 cm™ ;1712,47 cm™ ;1663,62 cm™ ;1587,77 cm™ ; NMR'H (300
MHZ, DMSOd®): s (1H, indol) 12,235 / m(2H, indol) 7,287-7,241; d (1H, indol)
7,953-7,929 J=7,2; d (1H, indol) 7,540-7,515 J=7,5; s (1H, indol) 7,878; s (1H,
=CH) 8,251; s (2H, NCH) 4,579; d (1H, benzylic) 7,698-7,667 J=8,1; t (1H,
benzylic) 7,407-7,297 J=7,5; t (1H, benzylic) 7,248-7,d(1H) 7,161-7,136 J=7,5;
MS (m/z; relative intensity): 413,0 ([M-H]', 100), 265,3 (28), 255,4 (20), 172,1
(36).

4.4.20 (5Z)-5-(1H-indol-3-ylmethylene)-3-(2-ox0-2-phenylethyl)-thiazolidin-2,4-
dione 13t

MF: Coo Hi4 N2 O3 S; MW: 362.40; MP: 258 °C; Yied: 26%; IR (v, cm™, KBr):
3382,76 cm™;1730,77 cm™ ;1699,92 cm™ ;1661,9 cm™ ;1595,36 cm™ ; NMR'H
(300 MHZ, DMSOdgs): s (1H, indol) 12,095 / m(2H, indol) 7,302-7,192; d (1H,
indol) 7,959-7,935 J=7,2; d (1H, indol) 7,544-7,517 J=7,2; s (1H, indol) 7,889;
s (1H, =CH) 8,252; s (2H, NCH) 5,309; d (2H, phenylic) 8,113-8,089 J=7,5; t
(2H, phenylic) 7,639-7,588 J=7,5; t (1H, phenylic) 7,799-7,730 J=7,5; MS (m/z;
relative intensity): 361,2 ([M-HJ’, 30), 171,1 (100), 140,2 (50).

4.4.21 (5Z)-5-[(5-bromo-1H-indol-3-il)methylene]-3-(2-0xo0-2-phenylethyl)-

thiazolidin-2,4-dione 13u
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MF: Co Hiz Br N2 O3 S; MW: 441.29; MP: 248 °C; Yied: 15%; IR (v, cm™, KBr):
3361,69 cm™;1726,25 cm™;1692,13 cm™;1666,82 cm™;1588,21 cm™ ; NMR'H
(300 MHZ, DMSOdg): s (1H, indol) 12,400; d (1H, indol) 7,400 J=8,7; d (1H,
indol) 7,503-7,474 J=8,7; s (1H, indol) 8,254; s (1H, indol) 7,927; s (1H, =CH)
8,285; s (2H, NCH) 5,316; d (2H, phenylic) 8,115-8,090 J= 7,5, t (2H, phenylic)
7,640-7,590 J= 7,5, t (1H, phenylic) 7,757-7,732 J=7,5

4.4.22 (5Z)-3-[2-(4-fluorphenyl)-2-oxoethyl]-5-(1H-indol-3-yImethylene)-
thiazolidin-2,4-dione 13v

MF: Coo Hiz F N2 O3 S; MW: 380.39; MP: 249-250 °C; Yied: 21%; IR (v, cm™,
KBr): 3363,95 cm™;1730,00 cm™;1702,18 cm™ ;1664,19 cm™ ;1597,61 cm™ ;
NMR'H (300 MHZ, DMSOds): s (1H, indol) 12,278; m(2H, indol) 7,298-7,190; d
(1H, indol) 7,957-7,932 J=7,5; d (1H, indol) 7,541-7,515 J=7,8; s (1H, indol)
7,887; s (1H, =CH) 8,248; s (2H, NCH) 5,310; dd (2H, phenylic) 8,219-8,171 J=
8,7; t(2H, phenylic) 7,480-7,422 J= 8,7; MS (m/z; relative intensity): 379,2 ([M-
H], 100), 195,1 (81), 172,2 (41), 110,0 (8).

4.4.23 (5Z)-5-[(5-bromo-1H-indol-3-il) methylene]-3-[2-(4-fluorphenyl)-2-
oxoethyl]-thiazolidin-2,4-dione 13w

MF: Coo H12 Br F N2 O3 S; MW: 459.28 ;MP: 232 ; °C; Yied: 26%; IR (v, cm™,
KBr): 3318,81 cm™;1728,51 cm™ ;1676,23 cm™ ;1592,72 cm™ ; NMR'H (300
MHZ, DMSOds): s(1H, indol) 12,140; dd(1H, indol) 7,365-7,400 J= 1,8 € 8,7; d
(1H, indol) 7,504-7,475 J=8,7; d (1H, indol) 8,251-8,245 J=1,8; s (1H, indol)
7,921; s (1H, =CH) 8,282; s (2H, NCH) 5,315; dd (2H, phenylic) 8,220-8,172 J=
5,4 e 8,7, t(2H, phenylic) 7,482-7,423 J= 8,7

4.4.24 (5ZE)-3-[2-(4-chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-ylmethylene)-

thiazolidin-2,4-dione 13x
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MF: Coo Hq3 CI N2 O3 S; MW: 396.84 ; MP: 240 °C; Yied: 13 %; IR (v, cm™, KBr):
3397,42 cm™;1733,02 cm™;1697,29 cm™;1666,45 cm™;1595,36 cm™ ; NMR'H
(300 MHZ, DMSOdgs): s (1H, indol) 12,273; m (2H, indol) 7,301-7,187; d (1H,
indol) 7,955-7,937 J=7,2; d (1H, indol) 7,543-7,516 J=7,5; s (1H, indol) 7,887;
s (1H, =CH) 8,248; s (2H, NCH) 5,312; d (2H, phenylic) 8,130-8,100 J=9; d
(2H, phenylic) 7,705-7,675 J= 9; MS (m/z; relative intensity): 395,1 ([M-HJ’,
100), 200,2 (12), 172,2 (67).

4.4.25 : (5Z)-5-[(5-bromo-1H-indol-3-il)methylene]-3-[2-(4-chlorophenyl)-2-
oxoethyl]-thiazolidin-2,4-dione 13y

MF: Coo Hi2 Br CI N2 O3 S; MW: 475.74 ; MP: 222 °C; Yied: 20% ; IR (v, cm™,
KBr): 3321,45 cm™;1720,99 cm™ ;1675,85 cm™ ;1590,47 cm™; NMR'H (300
MHZ, DMSOds): s (1H, indol) 12,370; dd (1H, indol) 7,400-7,365 J= 8,7 e 1,8; d
(1H, indol) 7,502-7,473 J=8,7; d (1H, indol) 8,253-8,246 J= 2,1; s (1H, indol)
7,921; s (1H, =CH) 8,281; s (2H, NCH) 5,319, dd (2H, phenylic) 8,132-8,103 J=
8,7 € 1,8; d (2H, phenylic) 7,707-7,678 J= 8,7 e 1,8; MS (m/z; relative intensity):
475,0 ([M-HT, 100), 319 (6), 198,0 (19), 161,0 (18), 111,0 (19).

4.4.26 (5Z)-3-[2-(4-bromofenyl)-2-oxoethyl]-5-(1H-indol-3-ilmethylene)-
thiazolidin-2,4-dione 13z

MF: Cyo Hq3 Br N2 O3 S; MW: 441.29 ; MP: 260 °C; Yied: 18%; IR (v, cm™, KBr):
3351,91 cm™;1733,40 cm™;1695,03 cm™;1673,97 cm™;1585,95 cm™ ; NMR'H
(300 MHZ, DMSOdgs): s (1H, indol) 12,272; m (2H, indol) 7,258-7,152; d (1H,
indol) 7,910-7,887 J=7,2; d (1H, indol) 7,502-7,476 J=7,5; s (1H, indol) 7,777,
s (1H, =CH) 8,205; s (2H, NCH) 5,259; d (2H, phenylic) 8,003-7,975 J= 8,4; d
(2H, phenylic) 7,845-7,806 J= 11,7; MS (m/z; relative intensity): 441,1 ([M-HT,

49), 200,2 (13), 172,2 (100), 161,0 (7).
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4.4.27 : (5Z)-5-[(5-bromo-1H-indol-3-il)methylene]-3-[2-(4-bromophenyl)-2-
oxoethyl]-thiazolidin-2,4-dione 132’

MF: CooH12BraN203S; MW: 520.19 ; MP: 226-230 °C; Yied: 47%; IR (v, cm™,
KBr): 3316,56 cm™ ;1728,13 cm™ ;1675,85 cm™ ;1587,83 cm™ ; NMR'H (300
MHZ, DMSOds): dd(1H, indol) 7,399-7,371 J= 1,8 e 8,4; d (1H, indol) 7,504-
7,475 J=8,7; d (1H, indol) 8,251-8,244 J=2,1; s (1H, indol) 7,920; s (1H, =CH)
8,281; s (2H, NCH,) 5,311; d (2H, phenylic) 8,047-8,019 J= 8,4, d (2H, phenylic)
7,849-7,821 J= 8,4; MS (m/z; relative intensity): 519,0 ([M-H], 100), 353,2 (18),

317,1 (51), 265,3 (61), 198,1 (26), 161,1 (23).

4.5 Biological

Swiss mice, male and female (30-35g) were acquired from Departamento
de Antibidticos bioterium and animal experiments were conducted according to
international agreements to care and use of laboratory animals and were
approved by Universidade Federal de Pernambuco Animal Ethics Committe
(#23076.011488/2005-35). Carrageenin was purchased by Sigma-Aldrich,

Celecoxib® from Pfizer, Dexamethasone, Indomethacin e Nimesulide from DEG

(Brasil), Aspirin® from Bayer, Heparin 5000 Ul/mL from Roche, Ovine COX-1

and COX-2 colorimetric kit from Caymann Chemicals (Ann Arbor) and Tween®

80 from Merck (Germany).

4.6 Air pouch model
Air pouch model was done as previously described by Klemm, Harris e Parretti
[18] using carrageenin as inflammatory stimulus [19]. Mice (n=10) had pouch

formed in back by a sterile air injection (2.5mL), which was repeated 3 days
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later. On day 6, fasted (8 hours) animals received orally test compounds 13e,
13f, 13j, 13i, 13q, and 13y or standard drugs one hour before carrageenin
injection (1mL, 1% physiologic solution, w/v) directly into air pouch. Six hours
later, animals were killed by cervical dislocation and exudate from pouchs was
harvested with 3mL of phosphate buffer solution heparinizated (50 Ul/mL).
Exudate was diluted with Turk solution and leukocyte counted in a Newbauer
chamber with optical microscope. As leukocyte migration is proportionally
related with inflammatory response, animals that didn’t receive treatment were
considered control group in whom inflammation was established as 100%. Cell
counting was statistically analyzed by variance analyse (ANOVA) with 95%

confidence interval.

4.7 COX-1 and COX-2 in vitro inhibition

COX-1 and COX-2 inhibition by 5-indol-thiazolidinones was evaluated in vitro by
an indirect method where the oxidation of the peroxidase co-substrate
N,N,N’,N’-tetramethyl-p-phenylenediamine (TMPD) forms a blue compound that
reflects the rate of conversion of arachidonic acid to PGH, [20].

The test was performed using a COX inhibitor screening assay (Cayman
Chemical) according to the manufacturer's protocol. Celecoxib and
Indomethacin at 0,01, 1, and 10 uM were used as positive controls for COX-1
and COX-2 isoenzyme inhibition, respectively. COX-1 and COX-2 isoenzymes
treated with vehicle only (DMSO) served as the negative controls (100%
activity). The concentrations of 13e, 13t, 13u, 13z, 13f, 13y, 13}, 13g, 13i and
13k tested were 0,01, 1, and 10 uyM. The 96-well plate was read in an

automated microplate reader at 590 nm.
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(4-clorobenzyl)-5-(1H-indol-3-ylmethylene)-4-thioxo-thiazolidin-2-one (LYSS) 9.
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Figure 4: Synthetic route to compounds 13a-z’. Aromatic substituted halide and

thiazolidin-2,4-dione 10 reacted in basic medium to form 11a-n that react with

ethyl

carbahldeyde and ethyl cyaneacetate.

2-cyano-3-indol — acrylate 12a-c formed by substituted

indol-3-



Table 1: Chemical structure of 11a-n, 12a-c e 13a-7’

100

Compound a b [ d e f g

11a CH, H H H H - -

11b CH, H H F H - -

11c CH, H H Cl H - -

] 11d CH, H H Br H - -

Lo b 1le CH, H H CF; H - -

q j/\>( 11f CH, H H C(CHiy); H - -

TN s 11g CH, Cl H Cl H - -

11 11h CH, Cl H H F - -

11i CH, H F H H - -

11 CH, Br H H H - -

11k COCH, H H H H - -

111 COCH, H H F H - -

11m COCH, H H Cl H - -

11n COCH, H H Br H - -

o /0 12a H H - - - - -

N 12b Br H - - - - -

;S 12¢ H  COCH; - - - -
12

13a H H CH, H H H H

13b Br H CH, H H H H

13c H COCH; CH, H H H H

13d H H CH, F H H H

13e H H CH, Cl H H H

13f Br H CH, Cl H H H

13g H COCH; CH, Cl H H H

13h H H CH, Br H H H

13i Br H CH, Br H H H

13] H H CH, CF; H H H

. 13k Br H CH, CF; H H H

N 13| H COCH; CH, CF; H H H

{ Q 13m H H CH, C(CH), H H H

h °" N 13n H H CH, CL_ _CIl H H

13 130 Br H CH, Cl Cl H H

13p H H CH, H F H CI

13q H H CH, H H F H

13r Br H CH, H H F H

13s H H CH, H Br H H

13t H H COCH, H H H H

13u Br H  COCH, H H H H

13v H H COCH, F H H H

13w Br H  COCH, F H H H

13x H H COCH, CI H H H

13y Br H COCH, CI H H H

13z H H COCH, Br H H H

137’ Br H COCH, Br H H H




interval (ANOVA).

Table 2: Anti-inflammatory activity of 13e, 13f, 13i, 13}, 13q and 13y. Values

are presented as average ( £ SE) and are significant to a 95% confidence

Compound Dose Leukocyte Antiinflammatory
(mg/kg) counting/mL activity (%)
13e 0. 3.17 £0.75 X 10° 0
2.0 2.12+0.17 X 10° 0
3 1.28+0.27X10° 251 +16.0*
12.5 144 +0.3 X 10° 15.8 + 17.1*
50 147 £0.09X10°  14.0 + 5.34*
13f 0.8 0.56 + 0.08X 10° 67.1+4.7
3 0.56 +0.13 X 10° 66.8 +7.7
12.5 0.58+0.1 X 10° 66.1+ 6.3
50 0.51+0.07X 10° 702+4.4
13j 0.8 1.21+0.16 X 10° 29.2+16.4
3 0.82+0.13 X 10° 520+7.6
12.5 1.66 + 0.04X 10° 29+25*
50 1.52+0.15 X 10° 10.8 + 8.7*
13q 0.8 1.49 £ 0.28 X 10° 12.3+ 16.48
3 1.86 £ 0.35 X 10° 0
12.5 1.47 £ 0.24 X 10° 13.9 + 14.2*
50 1.03+0.17 X 10° 36.7+ 10.0
13y 0.8 0.84 [ 0.12 X 10° 50.7+ 7.5
3 0.60 [ 0.09X 10° 64.9+ 8.9
12.5 0.69 (1 0.20X 10° 59+ 11.9
50 0.47 11 0.08X X 73+ 4.9
10°
13i 3 0.79+0.02 X 10° 54.7+ 1.16
Aspirin 200 0.45+0.03 X 10° 73.7+ 2.04
Indomehtacin 10 0.76 + 0.07 X 10° 55.5+4.3
Dexamethasone 1 0.40 £ 0.1 X 10° 76.6+ 6.2
Nimesulide 5 1.16 £ 0.1X 10° 32.2+5.86
Celecoxib 10 0.27 + 0.06X 10° 84.2+3.9
CONTROL  1.71+0.12 X 10°

*= not significant

101



102

Table 3: in vitro inhibition of COX-1 and COX-2 enzymes by 13e, 13f, 13g, 13I,

13j, 13k, 13t, 13u, 13y e 13z.

Compound Concentration

COX-1 Inhibition (%)

COX-2 Inhibition (%)

Celecoxib 10uM 0 54.7
1 uM 0 47.5
0.01 uM 0 11.6
Indomethacin 10uM 100 44.8
1 uM 100 0
0.01 uM 41.3 0
13e 10uM 0 0
1 uM 0 0
0.01 uM 0 0
13f 1 uM 38.5 16.5
0.01 uM 35.3 23.1
0.01 uM 30.3 13.9
13g 1 uM 27.8 14.7
0.01 uM 26.6 7.9
13i 1 uM 22.7 10
0.01 uM 22.4 10
13j 1 uM 234 25.8
0.01 uM 10.5 NT
13k 1 uM 20.9 0
0.01 uM 16.3 NT
13t 10uM 41.6 0
1 uM 6.6 0
0.01 uM 0 0
13u 10uM 46.6 0
1uM 0 0
0.01 uM 0 0
13y 1 uM 30.0 39.6
0.01 uM 0 NT
13z 10uM 8.3 0
1uM 0 0
0.01 uM 0 0

NT= not tested
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ABSTRACT

A simple and rapid liquid chromatography-ultraviolet detection (LC-UV) method has been
developed and validated for quantifying (5Z,E)-3-[2-(4-chlorophenyl)-2-oxoethyl]-5-(1H-
indol-3-ylmethylene)-thiazolidine-2,4-dione (PG15) in rat plasma. A C18 reversed phase
column provided chromatographic separation of the analyte which was followed by UV
detection at 385 nm. The method involves precipitation of PG15 from plasma and isocratic
elution with methanol:water (90:10 v/v). Total elution time was as low as 7.5 min. The
proposed method was validated and showed linear correlation in the range of 62.5 to 4000
ng/mL. The within- and between-day precision, expressed as the relative standard error, were
found to be less than 15 and 10 %, respectively, for all the concentrations investigated.
Accuracy, measurement using the quality control (QC) samples, was in the range of 86.1-
1149 %. The applicability of the validated method was tested in the preclinical

pharmacokinetic study of thiazolidinone PG15.

KEYWORDS: PG15; LC-UV; rat plasma; pharmacokinetics
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RESUMO

Um método rapido e simples de cromatografia liquida com detecgdo em ultravioleta foi
desenvolvido e validado para quantificacdo, em plasma de rato, do composto (5Z,E)-3-[2-(4-
clorofenil)-2-oxoetil]-5-(1H-indol-3-ilmetileno)-tiazolidina-2,4-diona (PG15). Uma coluna
em fase reversa C18 foi utilizada para separacdo do analito, seguida por detecgdo em UV
(385nm). O método utilizou a precipitacdo do PG15 a partir do plasma e uma elui¢do
isocratica com metanol:agua (90:10 v/v). O tempo total da corrida foi 7.5 minutos. O método
proposto foi validado e mostrou-se linear entre 62.5 e 4000 ng/mL. A precisdo intra- e inter
dia, expressa como desvio padrdo relativo, foi menor que 15 e 10%, respectivamente, para
todas as concentracdes investigadas. A exatiddo, medida através dos controles de qualidade
(QC), ficou entre 86.1-114.9 %. A aplicabilidade do método validado foi testado no estudo

farmacocinético pré-clinico do PG15.

KEYWORDS: PG15; LC-UV; plasma; farmacocinética
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1. INTRODUCTION

Anti-inflammatory drugs are widely used to treat pain, fever, and inflammatory acute
and chronic conditions. Clinical use of non-steroidal anti-inflammatory drugs (NSAIDs) is
associated with significant toxicity particularly in the gastrointestinal tract and kidney.! In the
past 15 years cyclooxygenase-2 (COX-2) inhibitors have been used to relieve inflammatory
diseases symptoms without exhibiting the classical side effects of regular NSAIDs, especially
the gastric complications.? In contrast, some COX-2 inhibitors expose patients to an increased
risk of cardiovascular adverse effects.®> As far as synthesis of new effective and safer anti-
inflammatory drugs is concerned, new molecules have been synthesized aiming to bind COX

enzymes or reach anti-inflammatory activity by others mechanisms.

Novel 5-indol-thiazolidinones and 3-benzyl thiazolidinones have been synthesized and
exhibited anti-inflammatory activity.* > ® Besides anti-inflammatory activity by COX
pathway, some thiazolidines has been described as peroxisome proliferator-activated receptor
ligands (PPAR) which are capable of suppressing inflammatory process.” A 5-indol
substitution on the central thiazolidinic ring and the absence of a sulfonyl moiety are the two
structural features of this chemical series, which is chemical related to the potent NSAID
indomethacin as well as to the anti-diabetic PPAR-activator thiazolidinones, as roziglitazone.
Previously docking studies in our laboratory showed that indol-thiazolidinones are capable of
binding COX-2.2 These results were confirmed by in vitro inhibition of purified ovine COX-1
and COX-2 measured using a colorimetric assay.® One of the compounds of this series, the
drug  candidate  (5Z,E)-3-[2-(4-chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-ylmethylene)-
thiazolidine-2,4-dione (PG15) (Fig. 1), demonstrated an important activity in leukocyte
migration evaluated by carragenin-induced inflammation in the murine air pouch model.
PG15 given orally (3 mg/kg) exhibited a 67.2 + 4.6% inhibition of the leukocyte migration to

the inflammation site 6 hours after the beginning of the experiment compared to the control
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group.® This result could be due to the drug’s inhibition of COX-2 isoenzymes present in the

air pouch tissue or to PPAR activation which is associated to a reduced leukocyte migration.

10; 11

The success of PG15 in animal models such as carragenin-induced inflammation in air
pouch and peritonitis, using very low doses, lead to the need of investigating its

pharmacokinetics in rodents.’

Because PG15 is a original compound, no analytical method has been previously
reported in literature for monitoring its plasma levels. In this context, the aim of this work was
to develop and validate a rapid, specific and sensitive LC-UV analytical method to quantify

PG15 in rat plasma viewing to investigate its pharmacokinetics.

2. METHODS
2.1 Chemicals

PG15 was obtained by synthesis as described by Uchoa’. High purity water was
prepared in-house using a Milli-Q water purification system. HPLC grade methanol and
acetonitrile was purchased from Tedia (Brazil). Ethyl acetate, dichloromethane and
ammonium phosphate monobasic were of analytical grade, purchased form Merck

(Germany).

2.2 Standard Solutions Preparation

The PG15 solutions were prepared in methanol:ethyl acetate (80:20, v/v) at

concentration of 400 ug/mL. Sequentially standard solutions were prepared from this mother-
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solution by dilution with water:methanol (50:50, v/v). These diluted working standard
solutions were used to prepare the calibration curve or quality control samples. The
calibration curve concentrations ranged from 6.25 to 4000 ng/mL. Quality control samples
were prepared at three concentration levels: low concentration (LCQ) (8 ng/mL), intermediate

(1QC) (400 ng/mL) and high (HQC) (3200 ng/mL).

2.3 Sample Preparation

The standard curve of PG15 and the QC samples were prepared by spiking 100 pL of
blank rat plasma with 10 uL of each standard curve solution. These spiked plasma samples
were vortexed for 10 sec and 200 uL of ice-cold methanol was added in each sample. The
samples were vortexed for 30 sec and centrifuged at 6800g for 10 min. The supernatants were
separated and 50 uL were injected into the LC-UV system. Blank plasma samples were

prepared as described, without the drug, and 50 uL were injected.
2.4 LC-UV System

Chromatographic separation was carried out in Waters Alliance® 2695 LC separation
module with a 2487 UV-detector. A Novapack® C18 column (4 um, 150 x 3.9 mm) preceded
by a Phenomenex® C18 guard column (5 um, 3.0 x 4.0 mm) was used. The mobile phase
consisted of methanol:water (90:10, v/v) and it was used with a flow rate of 1 mL/min. The
auto-injector temperature was kept at 15 °C and the column was kept at room temperature.

PG15 was detected at 385 nm.

2.5 Validation Procedure
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The validation was performed in two consecutive days by injecting 3 calibration
curves and 3 sets of quality controls each day, according to FDA guidelines. ** The method
was validated for selectivity, sensitivity, linearity, precision, and accuracy. Selectivity was
evaluated by comparing the chromatograms obtained from the samples containing PG15 with
those obtained from blank plasma samples. Furthermore, the chromatograms of the
experimental samples obtained after intravenous administration of PG15 to Wistar rats were
compared to the calibration curve standards chromatograms in order to detect interfering
peaks. The sensitivity was determined by the lower limit of quantification (LLOQ). The
response to the LLOQ was at least three times greater than the response of any interference at
the retention time. Linearity of calibration curves based on peak-area weighted (1/y) as
function of the nominal concentration was assessed by least square regression using the
computer program Scientist for Windows ™ (MicroMath®). Slopes, intercepts and
determination coefficients were calculated. Intra- and inter-day precision and accuracy of the
analytical method were shown by triplicate processing and following analysis of QC samples.
Precision was calculated as relative standard deviation (RSD) of the experimental
concentrations and accuracy as the comparison between the experimental and nominal
samples concentration. The criteria for acceptability of the data included accuracy within
15% deviation from the nominal values and precision within £ 15% RSD, except for the
lower limit of quantification (LLOQ), where it should not exceed 20% of RSD'. Recovery
experiments (extraction efficiency) were performed by comparing the analytical results for
CQ extracted samples (n = 3) with un-extracted standard solutions that represent 100%
recovery. Recovery experiments (extraction efficiency) were performed by comparing the
analytical results for LCQ and HCQ extracted samples (n = 6/each) with unextracted standard

solutions that represent 100% recovery.
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2.6 Preliminary Stability Study

Short and a long-term PG15 stability in plasma were evaluated, as well as stability
after freeze-thaw cycles and stability of the processed sample. Spiked quality control samples
of 80 ng/mL (LQC) and 3200 ng/mL (HQC) were used to assess stability. The short-term
stability was performed by keeping the PG15 CQ plasma samples at room temperature for 3
and 6 h, before processing for protein precipitation. The long-term stability study was carried
by storing the plasma QC samples at -20 °C for 4 or 8 days before analysis. The freeze-thaw
stability study was conducted by analysis the QC samples after 3 cycles (- 20 °C and room
temperature). Processed samples stability was conducted by analyzing recently prepared CQ

samples and samples kept on the auto-injector for 3 and 6 h before injection.

2.7 Pharmacokinetic Study

The applicability of the LC-UV method developed for pharmacokinetic studies was
tested using plasma samples obtained after intravenous administration of PG15 to Wistar rats.
The animals study protocol was approved by the Ethics in Research Committee of the
Universidade Federal do Rio Grande do Sul (#2006608, UFRGS, Porto Alegre-RS). The
animals were kept under controlled 12 h light-dark cycle during the acclimation period and

had access to water and food ad libitum.

Male Wistar rats (n = 3) purchased from FEPPS (Fundacdo Estadual de Producdo e
Pesquisa em Saude, Porto Alegre-RS) received a single dose of 15 mg/kg of PG15. The drug
suspension for administration was prepared in 5% glucose solution with 10% of polysorbate
80. Blood samples (0.25 mL each), collected into heparinized tubes, were obtained from
lateral tail vein sequentially at 0.083, 0,17, 0.25, 0.5, 1, 2, 4, 6, 8, 10 and 12 h post-dosing.

Plasma (100 uL) was immediately separated by centrifugation (4° C, 6800g, 10 min) and
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stored at -20 °C until analysis. The individual and average profiles were evaluated by non-
compartmental and compartmental approaches viewing to estimate the pharmacokinetic
parameters using Excel® 2007 (Microsoft®) and Scientist® v 2.01 (MicroMath®) software,

respectively.

3. RESULTS AND DISCUSSION
3.1 Method Development

Aiming to develop a simple, rapid and sensitive method for the quantification of PG15
in biological matrix, suitable for pre-clinical pharmacokinetics investigation, different
conditions were evaluated to optimize sample extraction and chromatographic parameters
during method development, based on PG15 physico-chemical properties (MW = 396; LogP
4.05, calculated by Tekto’s method™; UV = 256 and 392 nm in acetonitrile, and 256 and
388 nm in methanol:water). PG15 is insoluble in water; partially soluble in methanol, ethanol

and diethyl ether and soluble in ethyl acetate and acetone.

Optimization of the chromatographic conditions were conducted to obtain better peak
resolution, shorter runtime, higher sensitivity and peak symmetry with accuracy, according to

FDA requirements for an LC method for drug quantification in biological fluids.

Different mobile phases, consisting of acetonitrile or methanol in different proportions
with aqueous phase or ammonium phosphate monobasic buffer, with diverse pH, were
investigated with flow rate from 0.6 to 1.2 mL/min. Initially, acetonitrile was used due to its
good UV transmittance, low viscosity and better capability of PG15 solubilization than
methanol. All mobile phases testes with acetonitrile, independently of its proportion or pH

investigated, resulted in chromatograms with double peaks due two PG15 E/Z configurations.
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Because an isomeric separation is not intended at this stage of drug development, the organic
solvent was switched to methanol, which produced a symmetrical single peak. A mobile
phase consisting of water:methanol (30:70, v:v) in a flow rate of 1ml/min was selected. When
methanol proportions higher then 70% were used, PG15 peak’s eluted close to plasma
interferents. A mobile phase with more than 30% of water resulted in better peak symmetry,
but longer retention times and higher operating pressures. Ammonium phosphate monobasic
(20 to 40%, v/v) did not result in better chromatograms. Flow rate gradients were also tested
with higher water contests in the mobile phase viewing to reduce the retention time without

significant improvement.

The wavelength selected for PG15 quantification in plasma, 385 nm, resulted in a
higher sensitivity than the other maximum of absorbance investigate, 256 nm, with no

interference from endogenous substances from rat plasma at the drug retention time.

Sample preparation such as protein precipitation with acetonitrile or methanol at room
temperature or ice-cold as well as liquid-liquid extraction using dichloromethane and ethyl-
acetate were tested No difference in recovery and in peak symmetry were observed between
precipitation or liquid-liquid extraction. Precipitation with acetonitrile (1:2 ratio) was
acceptable; however lead to an unstable baseline due to the composition of mobile phase. Due
the simplicity and efficacy of sample preparation, precipitation with ice-cold methanol (1:2

ratio) was chosen.

The search for internal standard was performed testing compounds that absorbed well
at 385 nm. From all compounds tested, best results were obtained with nefidipine (UVmax 340
nm). However, nifedipine peak was too close to plasma front leading to interference is some
chromatograms. Due to difficulties to find a molecule with good absorption at 385 nm and

retention time higher then 4 minutes, the validation was conducted without internal standard.
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3.2. Method Validation

3.2.1 Selectivity and recovery

The selectivity of the analytical method developed can be observed in Fig. 2 by comparing
representative chromatograms of independent blank plasma and blank plasma spiked with
PG15 (3200 ng/mL). No additional peaks due to endogenous substances were observed that
would interfere with the detection of the compound of interest. In addition, the experimental
chromatograms obtained after intravenous administration of PG15 (15 mg/kg) to Wistar rats
(Fig. 2C) did not show interfering metabolites. The retention time of PG15 was approximately
6.8 min. The extraction recovery of PG15 was, in average, 73.9 = 12.8% for the

concentrations investigated (8 and 32 pg/mL).

3.2.2 Linearity

The linearity of the method was observed in the investigated concentration range (62.5
to 4000 ng/mL). PG15 calibration curve parameters determined in two consecutive validation
days are shown in Table 1. The mean calibration curve is presented in Figure 3. Calibration
curves of weighted (1/y) peak area as function of nominal concentration were linear
presenting a determination coefficient greater than or equal to 0.996 for all curves. The
ANOVA evaluation showed no significant intra- or inter-day variability for the slopes and

intercepts (o = 0.05).

3.2.3 Lower limit of quantification (LLOQ)
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The lower limit of quantification (LLOQ) was 62.5 ng/mL, which was accepted as the
lowest level on the calibration curve that could be determined with appropriate precision and

accuracy under the experimental conditions of this analytical method (Tables 2 and 3). *?

3.2.4 Precision and accuracy

The intra- e inter-day relative standard deviation for PG15 are shown in Table 2. The
intra-assay and inter-assay precision (RSD) values for QC samples were less than or equal to
14.58% and 7.37%, respectively. The method showed an accuracy within 15%, which can be
observed in Table 3. The results obtained for PG15 LC-UV quantification method were

within the acceptable limits stated for bioanalytical methods validation. *?

3.2.5 Preliminary Stability Study

Preliminary studies showed that PG15 is not a very stable compound. Short-term
stability test performed at room temperature showed that low and high QC samples were
stable for up to 6 h with recoveries of 97.7 £ 2.8% at 3 hours and 93.1 + 8.3% at 6 hours after

spiking, without significant difference from time zero samples.

The long- term stability results indicated that PG15 samples were stable at -20 °C up

to 8 days, with an average recovery of 99.0% in 4 days and 96.2% after 8 days.

Significant decrease of PG15 concentration in plasma was detected after exposing
samples to three freeze/thaw cycles and mean recovery was found to be 90.9% for the HQC

and 83.0% for the LQC. Stability of the processed sample ready to injection in the auto-



115

sampler was also determined. Result showed that QC samples were stable for at least 4 h at 15

°C, with loss no higher than 6%.

Considering the preliminary stability results plasma samples were processed and
analyzed within 8 days after animal experiments, the samples were froze/thaw only once,
samples were processed immediately after thawing and processed samples were injected no

longer than 4 hours after processing.

3.2.6 Applicability of the analytical method

To investigate the suitability of the analytical method developed and validated it was
applied to determine PG15 plasma profile after intravenous administration of 15 mg/kg dose
in a pilot pharmacokinetic study (n = 3). The mean plasma profile obtained is shown in Fig. 4.
The average profile shows a rapid plasma decline in concentrations after dosing, a prolonged
period of constant concentration followed by an elimination phase after 10 h, consistent with a
profile of saturation of elimination. The estimated half-life was found to be 9.5 £ 4.3 h
although a compartmental fitting of the profile would be more adequate to describe the
elimination process because non-compartmental analysis are not appropriate to describe non-
linear pharmacokinetic profiles. A compartmental fitting of the data using models that assume
Michaelis-Menten elimination after distribution to one, two or three compartments were
unsuccessfully tested. Because the elimination phase was not completely characterized, it was
not possible to estimate the pharmacokinetic parameters by non-compartmental or
compartmental approaches. These results indicated that the analytical method is suitable to
measure plasma concentrations of the compound in pre-clinical studies when high doses of

the drug are administered. For low doses, a more sensitive method has to be developed.
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4. CONCLUSION

A simple, specific and rapid analytical method for the determination of (5Z,E)-3-[2-(4-
chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-ylmethylene)-thiazolidine-2,4-dione (PG15) in rat
plasma has been developed and validated according FDA guidelines. The method provided
excellent specificity and linearity with a concentrations range of 62.5 to 4000 ng/mL. The
method showed to be appropriate to investigate plasma levels of the drug when high doses are
used, however, for a proper characterization of smaller doses, a more sensitive assay has to be

developed.
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Table 1. Calibration curve parameters and statistics for thiazolidinone PG15 in rat plasma

Determination

Curve Slope y-Intercept
coefficient
Day 1
1 32218 -99,76 0.999
2 44119 -1946,92 0.996
3 42106 -1826,80 0.998
Day 2
1 42905 -783,43 0.998
2 33074 -588,67 0.998
3 42810 -303,15 0.998
Mean (n = 6) 42458 -686.05
S.D.® 5384.95 -782.05
R.S.D. (%)° 12.68

33.D., standard deviation: °R.S.D., relative standard deviation
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Table 2. Intra and inter-day variation of thiazolidinone PG15 in rat plasma.

Nominal concentration Day Experimental concentrations®

Mean (ng/mL) S.D. R.S.D.

Intra-day variation

LLOQ 62.5 ng/mL 1 68.42 541 7.91
2 68.38 5.24 7.67

3200 ng/mL 1 3013.10 279.38 9.27

2 3132.14 177.75 5.67

QC 400 ng/mL 1 376.86 8.39 2.22
2 413.57 60.32 14.58

80 ng/mL 1 88.87 4.81 541

2 80.07 5.19 6.48

Inter-day variation

LLOQ 62.5 ng/mL 68.40 0.29 3.93
3200 ng/mL 3072.62 84.17 2.74
QC 400 ng/mL 395.21 25.96 6.57
80 ng/mL 84.47 6.23 7.37

#Values (mean and S.D.) represent n = 3 observations.



Table 3. Accuracy for the analysis of thiazolidinone PG15 in rat plasma

120

Concentration (ng/mL) Range (ng/mL) Accuracy (%)?
LLOQ 62.5 ng/mL 62.1-72.03 99.5-115.2
3200 ng/mL 2836.0-3335.1 88.62-104.2
QC
400 ng/mL 344.4-455.3 86.1-113.8
80 ng/mL 74.5-91.9 93.2-114.9

n = 6 observations.
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Figure 1. Chemical structure of indomethacin (A), rosiglitazone (B) and (5Z,E)-3-[2-(4-

chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-ylmethylene)-thiazolidine-2,4-dione (PG15)(C)
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Figure 2. Representative chromatogram of blank plasma (A), plasma spiked with PG15 3200
ng/mL (B) and plasma sample 4 h post-administration of PG15 15 mg/kg i.v. (plasma
concentration 156 ng/mL). PG15 retention time was around 6.8 min. Peaks of plasma and

heparin were observed up to 3.5 min. No interference was observed at PG15 retention time.
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Figure 3: Mean calibration curve of 6 determinations. Mean calibration curve equation was y
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Figure 4. Mean plasma profile of thiazolidinone PG15 after a single 15 mg/kg i.v. dose to

Wistar rats (Average = SD) (n = 3).
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Development and validation of a LC/MS/MS method for analyzing thiazolidinone
PG15 in rat plasma

Abstract

A rapid, sensitive and simple LC-MS/MS analytical method was developed and
validated for the determination of (5Z,E)-3-[2-(4-chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-
ylmethylene)-thiazolidine-2,4-dione (PG15) in rat plasma using chlortalidone as internal
standard (IS). Analysis were performed on a Shimadzu® HPLC system using a
Shimadzu® C18 Waters Symmetry® column and isocratic elution with 10 mM ammonium
hydroxide in acetonitrile: water (90:10, v/v) as mobile phase at a flow of 0.3 mL/min and
a mass spectrometer Micromass®, equiped with a double quadrupole and an
electrospray ionization interface, operated in a negative mode. Plasma sample were
prepared by deproteinizing 100 pl aliquot of rat plasma with ice-cold acetonitrile (3:1).
The analysis was performed by monitoring the decay of mass-to-charge (m/z) ratio
395.1>171.9 for PG15 and 337.3 >189.9.5 for the IS. The retention times of PG15 and
IS were approximately 3.4 and 2.4 min, respectively. Calibration curves in spiked
plasma were linear over the concentration range of 10-1000 ng/mL with determination
coefficient >0.99. The intra and inter-day precision, expressed as the relative error, were
found to be less than 1222 and 11.3%, respectively. The accuracy of the method was
within 13%. The applicability of the LC-MS/MS method for pharmacokinetic studies was
tested using plasma samples obtained after oral administration of PG15 (3 mg/kg) to
male Wistar rats. The reported method provided the necessary sensitivity, linearity,
precision, accuracy, and specificity to allow the determination of PG15 in pre-clinical

pharmacokinetic studies.
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1. Introduction

Non-steroid anti-inflammatory drugs (NSAID) are the most widely used in clinical
practice for the treatment of acute and chronic inflammatory conditions. Their
mechanism of action is based on the inhibition of cyclooxygenase(COX), an enzyme
which catalyzes the generation of prostaglandins from arachidonic acid [1]. COX exists
in two isoforms, COX-1 is constitutively expressed, generating prostaglandins
responsible for protecting the gastric mucosa, and maintaining renal homeostatic and
platelet aggregation; whereas COX-2 is inducible expressed by inflammatory stimulus,
as a lesion, mediating responses to pathologic processes such as pain, fever and
inflammation [2].

Recently, it has been shown that certain NSAIDs besides binding to COX
enzymes, are also capable to activate peroxisome proliferator-activated receptor
(PPAR)-y which plays an interesting role in regulating the inflammatory response,
because 15-deoxy-12,14-prostaglandin J2 and other PPAR-y agonists inhibit the
expression of a variety of proteins with pro-inflammatory properties, including COX-2,
inducible nitric-oxide synthase (INOS), and several cytokines [3,4]. Recent studies
suggest that the thiazolidinedione (TZD) class of PPAR-y ligands may be clinically
beneficial in several inflammatory diseases, even if the molecular mechanisms
responsible for these activities have not yet been clarified [3].

The thiazolidinone (5Z,E)-3-[2-(4-chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-
ylmethylene)-thiazolidine-2,4-dione (PG15) (Figure 1A)is one new 5-indolthiazolidinonic
derivative designed to be COX-enzymes inhibitor and a PPAR-y activator. The chemical

structure of this anti-inflammatory candidate has similarities to indomethacin (Figure
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1B), aiming to bind COX enzymes and has a thiazolidinonic ring, that are the
pharmacophoric group that activate PPAR-y for TZDs such as rosiglitazone (Figure 1C).

Previously studies in our laboratory show that PG15 has an important activity
inhibiting leukocyte migration in the mouse air pouch model, exhibiting an EDs, of 7.49
mg/kg p.o. when inflammation was induced by carragenin and leukocyte were counted
6 hours after inflammation induction [5]. PG15 also inhibits 30% of leukocyte migration
in carragenin-induced peritonitis in mice model, after a 3mg/kg oral dosing. Docking
studies performed by Leite and co-workers [6] reveled that similar indol-thiazolidinones
are capable of binding COX-2, which was confirmed for PG15 by in vitro inhibition of
purified ovine COX-1 and COX-2 measured using a colorimetric assay [5]. The
promising results of PG15 in these animal models lead to the need of investigating
PG15 pharmacokinetics in pre-clinical studies.

A LC-UV method was previously published for analyzing PG15 in rat plasma but
the method was unable to properly characterize the drug’s elimination phase after
administration of low doses [5]. So there is still a need for a sensitive method for
analyzing the drug in plasma. This paper describes a method to quantify PG15 in rat
plasma using mass spectrometer detector. The method was validated according to FDA
guidelines [6] for bioanalytical methods and tested in a PG15 pharmacokinetic

preliminary study after oral dosing.
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2. Materials and methods

2.1 Chemicals

Thiazolidinone PG15 was obtained by synthesis under form of two E/Z
configurations of PG15 isomers as described by Uchoa [5]. Acetonitrile (Tedia, Brazil)
and water for the mobile phase were of chromatographic grade. Chlortalidone was
purchased by DEG (Brazil). Ammonium hydroxide, ethanol and polysorbate 80 were

from Merck (Germany).

2.2. Preparation of solutions and quality control samples

Stock solutions of PG15 and chlortalidone (internal standard) were prepared in
acetonitrile:water (50:50, v/v) as 200 ug/mL and 100 ug/ml, respectively. Working
solutions were prepared by diluting the stock solutions. For calibration curve seven
different concentrations of PG15 (10, 20, 50, 100, 250, 500 and 1000 ng/mL) in plasma
were prepared by adding required volume of working solution of PG15 blank plasma.
Internal standard final concentration in plasma was 10 ug/mL. Quality controls samples
were prepared in the same way at three concentration levels: low concentrations (30
ng/mL - LQC), intermediate concentration (300 ng/mL - IQC) and high concentration

(800 ng/mL - HQC).

2.3 Sample preparation
An aliquot of 100 pL of plasma was spiked with 10 uL of PG15 and 10 uL of IS.

To this sample, 300 pL of ice-cold acetonitrile was added and vortexed. The mixture
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was centrifuged for 10 min at 6800 g. The resulting supernatant (20 uyL) was injected
into LC-MS/Ms for analysis. All plasma samples, including calibration curve, QC and

samples from pharmacokinetic experiments were processed in the same manner.

2.4 Chromatographic and mass spectrometer conditions

The LC-MS/MS apparatus was composed of a Shimadzu® HPLC system
consisting of a SCL-10A controller, LC-10AD pump, SIL-10AD injector and CTO-10A
oven, which were coupled with a mass spectrometer Quattro LC Micromass®, controlled
by MassLynx® 2000 software. The analysis were performed at 40 °C using a C18
Waters Symmetry® (75x4.6 mm, 3.55 pym particle size) column with a security-guard
column Phenomenex® (3.0 x 4.0 mm, 5 ym particle size). The mobile phase consisted
of acetonitrile:water (90:10, v/v) with 10mM of ammonium hydroxide used in a flow rate
of 0.3 ml/min. The analyte and internal standard (IS) were monitored using mass
spectrometer equipped with a double quadrupole and an electrospray ionization
interface operating in a negative mode (ESI). Samples were introduced into the
interface through a heated nebulizer probe set at 280 -C. Nitrogen was the nebulizer
and desolvation gas, and argon was used as collision gas. The other operating
conditions were: nebulizer gas flow= 50 L/h; desolvation gas flow = 350 L/h; ion spray
voltage = 1.0 kV; cone voltage = 50 V; ion source temperature = 130 °C; entrance
potential = -5 V; collision energy = 31 V; collision cell exit potential =31 V. The
spectrometer was programmed in multiple reaction monitoring (MRM) mode to allow the
specific transition of precursor ion to fragment for each compound. The detection of ion

species was performed by monitoring the decay of the mass-to-charge (m/z) ratio
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395.1, corresponding to the parent molecular ion of PG15, to the m/z 171.9 product ion,
which correspond to the indolic moiety from the parent molecule. Chlortalidone was
detected by the decay of the 337.30 m/z precursor ion to the 189.9.5 m/z daughter ion,

corresponding to benzyl sulphonamidic moiety, as seen in Table 1.

2.5 Method validation

Six replicates of calibration curve and quality control were prepared and analyzed
in two consecutive days, three by day. Linearity of calibration curves based on peak
area ratio (area of analyte/area of IS) as function of the nominal concentration was
assessed by weighted (1/y) least square regression. Slopes, intercepts and
determination coefficients were calculated and compared by ANOVA (a = 0.05). The
selectivity of the method was investigated for potential interferences of endogenous
substances by comparing chromatograms of the experimental samples obtained after
i.v. administration of VRC to Wistar rats to the calibration curve standards
chromatograms in order to detect interfering peaks. The limit of quantification (LLOQ)
was determined from the peak signal to noise level as ten times the baseline noise.
Intra- and inter-day precision and accuracy of the analytical method were shown by
triplicate processing and following analysis of QC samples. Precision was calculated as
relative standard deviation (R.S.D.) of the experimental concentrations and accuracy as
the comparison between the experimental and nominal samples concentration. The
criteria for acceptability of the data included accuracy within £15% deviation from the
nominal values and precision within £15% R.S.D., except for the LLOQ, where it should

not exceed 20% of R.S.D [7]. Recovery experiments (extraction efficiency) was
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performed by comparing the analytical results for extracted samples (n = 3) with

unextracted standards that represent 100% recovery.

2.6 Pharmacokinetic study

The LC-MS/MS method was used in a pre-clinical pharmacokinetic study of
PG15. The study protocol was approved by the Universidade Federal do Rio Grande do
Sul Ethics in Research Committee (#2006608). Male Wistar rats purchased from
Fundagdo Estadual de Producdo e Pesquisa em Saude (Porto Alegre-RS, Brazil)
received a single oral dose of PG15 3 mg/kg (n = 3) PG15 suspension was prepared in
5% glucose solution with 10% polysorbate 80 and 10% ethanol. Blood samples (0.25
mL) were harvested from the lateral tail vein sequentially at 0.25, 0.5, 0.75, 1, 3, 6, 9
and 16 h post-dose. The plasma (100 yL) was immediately separated by centrifugation
(4° C, 6800g, 10 min) and stored at —20 °C until analysis. From the individual profiles,
the following pharmacokinetic parameters were determined by non-compartmental
approach using Excel® 2007 software (Microsoft®, USA): area under the plasma-
concentration-time curve from time zero to the last measurable PG15 sampling time and
to infinity (AUCo+ and AUCo.n ), maximum concentration (Cmax), time to maximum

concentration (Tmax), €limination rate constant (Ke) and elimination half-life (t1/2).

3. Results and Discussion
3.1 Selectivity and Recovery
Representative chromatogram of blank plasma and plasma spiked with PG15

and internal standard are shown in Figure 2. Retention time for the PG15 and internal
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standard were 3.4 min and 2.4 min, respectively. The chromatographic run time was 4
minutes. No interfering peaks were found in the chromatogram obtained from blank
plasma. Good separation and baselines with low background noise were observed. No
additional peaks due to endogenous substances were observed that would interfere
with the detection of the target compounds. The extraction recovery of PG15, 86.7 +

10.7%, was PG15 concentration independent.

3.2 Linearity

The standard curves of PG15 in rat plasma were linear over the range of 10 to
1000 ng/ml. The linearity of the calibration curve was evaluated by determination
coefficient of determination, never smaller than 0.991 and the variability of the slopes
and intercepts which were determined automatically by the MassLynx® software. The
results indicated no significant intra- or inter-day variability of slopes and intercepts over

concentration range investigated (o = 0.05) as exhibited in Table 2.

3.3 Precision and Accuracy

Intra- and inter-day precision and accuracy of the method were assed by
analyzing the LLOQ and QC samples spiked with known amount of PG15. Results are
shown in Tables 3 and Table 4, respectively. The accuracy of the bioanalytical method
was higher than 86% for all investigate concentrations. The intra- and inter day
precision ranged from 3.68 to 12.24% and from 0.52 to 11.33%, respectively.

The data obtained for PG15 validation was within acceptable limits stated for

FDA for bioanalytical methods [7].
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3.4 Applicability of the analytical method

The bioanalytical method was used in the pre-clinical study of PG15. Figure 3
shows the mean plasma level of PG15 after the oral administration of a single dose of
PG15 3mg/kg to rats. Table 4 shows the pharmacokinetic parameters estimated by non-
compartmental analysis of individual profiles. PG15 was rapidly absorbed after oral
administration reaching peak concentration (214.5 + 121.3 ng/ml) before one hour post-
dosing. Compatible with the compound high lipophilicity (LogP 4.05, calculated by
Tekto’'s method) [8] after absorption plasma levels decrease 3.5 times in 45 minutes,
probably due to distribution to peripheral compartments. Elimination was slow with an
estimated half life of 8.1 £ 3.5 h. The method adequately characterized the drug’'s
elimination, which can be observed by the extrapolated AUC, which in average was

smaller than 28%.

4. Conclusions

A LC-MS/MS bioanalytical method for the determination of (5Z,E)-3-[2-(4-
chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-ylmethylene)-thiazolidine-2,4-dione (PG15) in
rat plasma using chlortalidone as IS was developed and validated. This method showed
adequate sensitivity, linearity, precision and accuracy and it has been successfully
applied to determine the concentration—time profile of the drug in pharmacokinetic
preliminary studies in rat. The method proved to be reliable to pursue further pre-clinical

pharmacokinetic investigations of PG15.
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Table 1. Chemical structure of thiazolidinone PG15 and the internal standard

chlortalidone parent and daughter ion formed during LC-MS/MS analysis as well cone

voltage and collision energy applied to each compound.

Compound Parent ion Daughter ion Cone Collision
(m/2) (m/2) voltage energy (eV)
(V)
PG15 395.10 171.90
TN 0 50 31
Q\J/\;Q [
Chlortalidone 337.30 189.9
(1S) o 52 15
“ g MH g NH
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Table 2. Calibration curve parameters and statistics for thiazolidinone PG15 in rat

plasma

Determination

Curve Slope y-Intercept
coefficient

Day 1

1 0.00343 0.0250 0.999

2 0.00293 0.0179 0.996

3 0.00310 0.0042 0.998
Day 2

1 0.00288 0.0113 0.991

2 0.00259 0.0176 0.999

3 0.00305 0.0141 0.997

Mean (n = 6) 0.00300
S.D.2 0.00028

R.S.D. (%)° 9.2

2 S.D., standard deviation; o R.S.D., relative standard deviation
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Table 3. Intra and inter-day variation of thiazolidinone PG15 in rat plasma.

Nominal concentration Day Experimental concentrations®
Mean S.D. R.S.D.
(ng/mL)
Intra-day variation
LLOQ 10 ng/mL 1 10.23 1.04 10.16
2 9.60 1.17 12.24
800 ng/mL 1 823.09 55.49 6.74
2 817.06 71.62 8.77
Qc 300 ng/mL 1 281.88 30.12 10.68
2 331.00 12.18 3.68
30 ng/mL 1 31.57 2.01 6.35
2 28.84 2.04 7.08
Inter-day variation
LLOQ 10 ng/mL 9.92 0.45 4.49
800 ng/mL 820.07 4.27 0.52
QC 300 ng/mL 306.44 34.44 11.33
30 ng/mL 30.21 1.93 6.39

@ Values (mean and S.D.) represent n = 3 observations for intra-day and n = 6
observations for inter-day variation.
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Table 4: Accuracy for the analysis of thiazolidinone PG15 in rat plasma.

Nominal Concentration Range (ng/mL) Accuracy (%)

LLOQ 10 ng/mL 8.59-11.43 85.9-114.4

QCs 800 ng/mL 764.05-889.53 95.5-112.3
300 ng/mL 260.85-339.25 86.9-113.1
30 ng/mL 26.62-33.22 88.7-110.7

@ n = 6 observations.
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Table 5: Pharmacokinetic parameters of thiazolidinone PG15 following a single oral

dosing of 3 mg/kg to Wistar rats (n = 3)

Pharmacokinetic Parameters

Average £ SD

Trmax () 0.83+0.14
Crmax (ng/mL) 2145+ 121.3
Ke () 0.09 +0.03
t% (h) 8.1+3.5
AUC 0.t (ng-h/mL) 704 + 223
AUC ... (ng-h/mL) 1113 + 724
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Figure 1. Chemical structure of (5Z,E)-3-[2-(4-chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-

ylmethylene)-thiazolidine-2,4-dione (PG15) (A), indomethacin (B) and rosiglitazone (C).
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Figure 2. Representative total ion chromatograms in MRM-ESI- mode in rat plasma: (A)
blank plasma, (B) plasma spiked with IS (10 ug/mL), (C) plasma spiked with PG15 (250
ng/mL), (D) plasma sample 0.5 h post-administration of PG15 3mg/kg p.o.
corresponding to 67.9 ng/mL. The retention times were 2.4 min for the |.S. and 3.4 min

for PG15.
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Figure 3: Mean plasma profile of thiazolidinone PG15 after a single 3 mg/kg p.o. dose to

Wistar rats (n = 3) (Average + SE).
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Abstract

Inflammation is associated with a wide range of human diseases, pre-diseases, and
conditions which are often treated with anti-inflammatory drugs. Novel 5-benzilidene
thiazolidinones have been synthesized and exhibited anti-inflammatory activity (Santos
et al. 2005). In this work one of the thiazolidinone chemical series, the (5Z,E)-3-[2-(4-
chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-yImethylene)-thiazolidine-2,4-dione (PG15),
was synthesized by a short and easy synthetic pathway (Uchoa et al. 2008). The aim of
this study was to investigate the anti-inflammatory potential of PG-15 in pre-clinical
studies including the in vitro inhibition of COX-1 and COX-2, the in vivo evaluation of
anti-inflammatory activity by the air pouch (0.8, 3, 12.5 and 50mg/kg p.o.) and peritonitis
(3mg/kg p.o.) models and the pharmacokinetic investigation after intravenous (3 mg/kg)
and oral (3 and 6 mg/kg) administration to Wistar rats. Results showed that PG-15 was
rapidly absorbed following oral administration to rats with peak plasma levels between
0.5 - 1 h and half-life of 5.9 + 3.8h after i.v. dosing. PG-15 inhibited, in vitro, more then
30% and 13% of purified COX-1 and COX-2, respectively, in a concentration of 0.1 uM.
The drug inhibited leukocyte migration in the carragenin-induced (1% saline solution, 1
mL,) mouse air pouch with an EDsg of 7.5 mg/kg and a 30.7% in peritonitis model. The
activity of PG-15 in mouse in the carragenin-induced air pouch model was not dose-
dependent and it leukocyte migration was similar that obtained using the standard drug

indomethacin.

Key-words: PG-15, anti-inflammatory drug, pharmacodynamics, pharmacokinetics.
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1. Introduction

Prostaglandins are the major mediators in both physiological and inflammatory
processes, regulating platelet aggregation, vascular tone and inflammatory signals as
edema, cellular migration, fever and pain (Vane & Botting 2003). Prostaglandins are
synthesized by a pathway that depends on the activity of cyclooxygenase (COX), which
exists in two isoforms: COX-1 and COX-2 (Xie et al. 1995). The isoforms are highly
homologous in DNA sequence and differ only in one amino acid at their COX catalytic
sites (Van Ryn et al. 2000). The expression of COX-1 is constitutive in most tissues
throughout the body; in contrast, COX-2 has a restricted tissue distribution under normal
physiological conditions but is highly induced at sites of inflammation and cell

proliferation (Hawkey 1999).

As a result of these different expression and consequent pathophysiological
roles, COX-2 selective inhibitors have been used in clinical setting aiming to achieve
anti-inflammatory activity, while COX-1-dependent physiological functions such as
gastrointestinal cytoprotection and platelet aggregation are preserved. Clinical trials with
COX-2 inhibitors have been reported to cause a lower incidence of gastrointestinal side
effects than nonselective COX inhibitors (Farkouh et al. 2004; Hawkey et al. 1998).
Recently, COX-2 selective inhibitors have been associated with an increased
cardiovascular risk due the inhibition of prostacyclin synthesis in endothelial tissue
(Funk & Fitgerald 2007). While the selective COX-2 inhibitors situation in therapeutics
remain unclear, it is known that COX selective or non-selective inhibitors stay as the
best therapeutic choice to treat acute and chronic inflammatory diseases (Mitchel &
Warner 2006).

Peroxisome proliferator-activated receptor gamma (PPAR-y) is a member of the
nuclear hormone receptor superfamily that includes the estrogen, thyroid hormone and
glucocorticoid receptors. Recent data showed that PPAR-y ligands modulate
inflammatory responses (Fahmi et al. 2002). The role of PPAR-y in regulating the

12,14

inflammatory response involves 15-deoxy-A"“ “-prostaglandin J, and other PPAR-y

agonists inhibit the expression of a variety of proteins with pro-inflammatory properties,
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including COX-2, inducible nitric-oxide synthase (iNOS)(lalenti et al. 2005), and several
cytokines implicated in the inflammatory response via negative modulation, such as
nuclear factor-kappa B (NFxB,), activator protein (AP-1), CCAAT/enhancer-binding
protein beta (C/EBPp), signal transducer and activator of transcription 1 (STAT-1) and
nuclear factor of activated T-cells (NFAT) (Blanquart et al. 2003). This receptor is the
molecular target of fatty acid derivatives, the thiazolidinedione (TZD) class of anti-
diabetic drugs, which includes rosiglitazone and ciglitazone and certain non-steroidal
anti-inflammatory drugs (lalenti et al. 2005). So, if PPAR-y ligands could modulate

inflammatory response, design of this kind of ligands could lead to efficient novel drugs.

From TZD group of molecules, several compounds have been synthesized and
tested presenting anti-inflammatory activity. From a group of thiazolidine derivatives
with pyrazolone-5 substituent synthesized and tested in vivo for anti-inflammatory
activity some molecules presented very important results (Lesyk et al. 1998). Related to
those thiazolidines, 3-benzyl thiazolidinones have also been prepared and tested,

exhibiting anti-inflammatory activity (Murthy & Srinivasa 2003).

A series of 5-arylidene-2-imino-4-thiazolidinones were obtained by Ottana and
co-workers (2005) and all derivatives exhibited significant activity levels in models of
acute inflammation such as carragenin-induced paw and pleurisy edema in rats. From
this series, 5-(3-methoxyphenylidene)-2-phenylimino-3-propyl-4-thiazolidinone
displayed high levels of carragenin-induced paw edema inhibition, comparable to
indomethacin. Similar structurally, 2-(4'-oxo-2'-phenyl-thiazolidin-3'-ylaminomethyl)- 3-
[4"-(p-chlorophenyl)-thiazol-2"-yl]-6-bromoquinazolin-4-ones derivatives were prepared
and screened for anti-inflammatory and analgesic activities at the dose of 50 mg/kg po.
The compound with the best results in the series showed maximum anti-inflammatory
(38.35%) and analgesic (37.36%) activities and ulcerogenic activity presented an UDsg

(ulcerogenic dose) of 195.6 mg/kg po (Kumar et al. 2007).

The lead compound CGP52608 (1-(3-allyl-4-oxothiazolidine-2-ylidene)-4-
methylthiosemicarbazone) of a class of 4-oxo-thiazolidinediones with high potency in

experimental model of chronic inflammation suppression and joint destruction exhibits
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antiarthritic activity at daily oral doses between 0.01 and 1 mg/kg (Missbach et al.
1996).

Woods and co-workers (2001) synthesized a series of potent COX-2 selective
compounds presenting indol group attached to a thiazol moiety (Figure 1A). Our group
(2005) published the synthesis of thiazolidinones and activity in carragenin induced rat
paw edema of a 3-(4-chlorobenzyl)-5-(1H-indol-3-ylmethylene)-4-thioxo-thiazolidin-2-
one (LYSS) (Figure 1B), which exhibited 77.5% inhibition of an inflammatory stimulus
240 min after dosing (Santos et al. 2005). This compound, that has indol group attached
to thazolidine central ring, was docked in the COX-2 channel using the FlexX program
interfaced with Sybyl 7.2 (Leite et al. 2005) with good bonding, exhibiting a free energy
of -13,254 kcal'mol™. Silva and co-workers (2003) synthesized N-tryptophyl-5-(3,5-di-
tert-butyl-4-hydroxybenzylidene)-2,4-thiazolidinedione  (GS28) (Figure 1C) which
exhibited in the carragenin induced paw edema an average inhibition of 28.36% after a

100 mg/kg oral doses and did not show ulcerogenic activity on gastric mucous.

A 5-indol substitution on the central thiazolidinic ring and the absence of a
sulfonyl moiety are the two structural features of this chemical series that is chemically
related to indomethacin (Figure 1D), a potent NSAID, and also to the anti-diabetic
PPAR-activator thiazolidinones, as roziglitazone (Figure 1E). One compound from this
series is 5(Z,E)-3-[2-(4-chlorophenyl)-2-oxoethyl]-5-(1H-indol-3-yImethylene)-1,3-
thiazolidine-2,4-dione (PG-15) (Figure 1F), which is a symbiotic leading-candidate,
designed to be effective in two different target, COX and PPAR-y, both relevant to

inflammatory process but belonging to distinct biochemical pathways (Uchoa, 2008).

In this context, the aim of this work was to investigate the anti-inflammatory
potential of PG-15 in pre-clinical studies including the in vitro inhibition of COX-1 and
COX-2, the in vivo evaluation of anti-inflammatory activity by the air pouch and
peritonitis model as well as to conduct a preliminary pharmacokinetic investigation of

the drug after systemic and non-systemic dosing to rats.
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2. Material and Methods
2.1. Chemicals

PG-15 was obtained by synthesis as described previously by Uchba (2008), and
was authenticated using mass and NMR spectroscopy. Carrageenin was acquired from
Sigma (USA). Chlortalidone, nimesulide and dexamethasone were purchased from
Galena (Brazil) and indomethacin and aspirin from Deg (Brazil). Celecoxib was acquired
as commercial Celebra® (Pfizer, Brazil). COX inhibition reagents were supplied from
Cayman Chemical Company (USA.) Acetonitriie HPLC grade, ammonium hydroxide
and polysorbate 80 were purchased from Merck (Germany). HPLC water from
Millipore’s Milli-Q System was used throughout the analysis. Saline sterile solution was
purcheased from B Braun (Brazil). All other chemicals used in this study were of

analytical grade.
2.2. Inhibition of purified COX-1 and COX-2

COX-1 and COX-2 assays were performed using the colorimetric Ovine
Cyclooxygenase (COX) assay kit (Cayman Chemical Company, USA). Inhibition of
enzyme activity was determined by a colorimetric assay as previously described by
Kulmacz and Lands (1983). The assay measures the peroxidase component of
cyclooxygenases which is assayed colorimetrically by monitoring the appearance of
oxidized N,N,N',N'-tetramethyl-p-phenylenediamine (TMPD) at to form a blue compound
(610 nm) wich reflect the rate of conversion of arachidonic acid to PGH..

Different dilutions of PG-15 were prepared in dimethyl sulfoxide (DMSO) and
diluted further to derive the appropriate concentrations for testing. The assay was then

performed as described in the assay kit booklet (Cayman Chemeicals, 2005).
2.3. In vivo procedure

All'in vivo procedures were approved by the Universidade Federal do Rio Grande
do Sul Ethics in Research Comittee (protocol #2006/608) or the Universidade Federal
de Pernambuco Ethics in Animal Experimentation Committee (protocol
#23076.011488/2005-35). Male W.istar rats were purchased from Fundagdo para
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Producao e Pesquisa em Saude - FEPPS (Porto Alegre, RS, Brazil). Male and female
albino Swiss mice were purchased from Aggeu Magalhaes Biotério (Recife, PE, Brazil).
All animals were housed in accredited facilities under standard conditions for rodents.

Animals were acclimatized for at least 3 days prior to use.
2.4. Carrageenan-induced air pouch inflammation

To induce air pouches, male and female swiss mice (n=10) were injected
subcutaneously on the back with 2.5 ml of air. After 3 days, the pouches were reinflated
with 2.5 ml of air. On day 6, animals received orally PG-15 (0,8; 3; 12,5 and 50 mg/kg)
or vehicle and one hour later inflammation was induced by injecting 1 ml of a
suspension of carragenin (1% weight/volume in saline solution) into the air pouch, as
described by Klemm, Harris and Parretti (1995) adapted by Romano and co-workers.
(1997). After 6 hours, the mice were euthanized and the pouches were flushed with 3 ml
of phosphate buffered saline (PBS) with heparine (10UlI/mL). Aliquots were diluted with
Turk Solution, and leukocytes were counted in a Newbauer chamber. From 3 mg/kg
group, exudate aliquots were freeze until analysis by Liquid Chromatography/Mass
Spectrometry/Mass Spectrometry (LC-MS/MS) to quantify PG-15 in inflammatory site,

as describe in 2.6.
2.5. Carragenin-induced Peritonitis

Carragenin-induced peritonitis experiment was conduced in Male Swiss mice (n
= 6) as describe by Oliani, Damazo and Perretti (2002). Animals were injected
intraperitoneally with 0.25 ml of carrageenan (1% weight/volume in saline solution) one
hour after received orally 3mg/kg dose of PG-15 or vehicle to control group, then
euthanized after 4 hours. The peritoneal exudate was flushed with 2 mL of
heparinizated PBS (10Ul/mL) collected and the total count of leukocytes determined. To
quantify PG-15 in peritonite exudates, aliquots were freeze until analysis by LC-MS/MS

as describe in 2.6.

2.6. Pharmacokinetics
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To determined PG-15 pharmacokinetics, the drug was administered to male
Wistar rats (290-325 g) intravenously (3 mg/kg, n = 5) or orally by gavage [3 mg/kg (n =
3) or 6 mg/kg (n = 7)]. PG-15 was administrated as a 4mg/mL suspension prepared with
10% ethanol, 10% polisorbate 80 in a 5% glucose solution. For i.v. administration, the

maximum volume administrated was 250 uL and for oral administration, 500 pL.

After dosing, blood samples were collected into heparinized tubes by
venopucturing the lateral tail vein at scheduled time points up to 16 hours. Plasma was
separated by centrifugation (10 min, 6800g, 4 °C) and 100 yL samples were stored at -
20 °C until analysis. On the analysis day, samples were thaw, spiked with 10 pL of
internal standard (IS) (chlortalidone 100 pug/mL); deproteinized by addition of acetonitrile
(300 pL) and centrifuged (10 min, 15000 rpm, 4 °C). 20 yL of the supernatant was used
to quantify PG-15 using an LC-MS/MS method previously validated according to Food
and Drug Administration (FDA) guidelines (Uchda et al. 2008). Briefly, a reversed phase
C18 Symmetry® Waters column (75%4.6 mm, 3.55 um particle size) preceded by a C18
pre-column and kept at 40 °C was eluted with a mobile phase consisting of
acetonitrile:10 mM ammonium hydroxide (90:10%, v/v) with a flow rate of 0.3 mL/min
using. The LC-MS/MS consisted of a Shimadzu® LC coupled to a Micromass® mass
spectrometer with electrospray ionisation in the negative mode. Detected fragments
were 395.1>171.9 and 337.3>189.9 to PG-15 and IS, respectively. The calibration curve
were linear in the range of 10 and 1000 ng/mL, the lower limit of quantification was 10
ng/mL. The intra and inter-day precision expressed as the relative error were found to
be less than 12.2 and 11.3%, respectively for all the concentrations investigated.
Accuracy in the measurement of quality control (QC) samples was in the range of 86.9-
113.1%.

From individual rats plasma profiles analysis after i.v. and oral dosing,
pharmacokinetic parameters were derived by non-compartmental and compartmental
approaches. Non-compartmental analysis was conducted in Microsoft Office Excel
2007® using classical pharmacokinetic equations (Shargel et al. 2005). For
compartmental analysis, plasma curve fitting was performed using Scientist® v. 2.01

(MicroMath®). The criteria employed to select the appropriate model to describe the
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profiles, given by the computer program Scientist®, were: the model selection criterion
(MSC), a modified Akaike Information Criterion (AIC) given by the program, the visual
fitting of the model to the experimental data and the mathematical coherence between
the pharmacokinetic parameters determined by modeling and phenomena

experimentally observed.

2.7. Statistics

Statistical comparisons between the vehicle-treated control and compound-
treated groups were made by ANOVA followed by Tukey's test. P-values less than 0.05
were considered statistically significant. Pharmacokinetics parameters ere compared

with Students t-test assuming equal variances (a = 0.05).

3. Results and Discussion
3.1. Inhibition of purified COX-1 and COX-2

PG-15 inhibited COX-1 and COX-2 with micro molar affinity (Table 1) with no
significant difference between 100 times increase in concentration, showing that
possibly this is the higher inhibition that PG-15 could reach. The results show that PG-
15 is capable to inhibit both COXs at tested concentrations, exhibiting slightly
preference to COX-1.Comparing with the COX-1 inhibitor indomethacin we observed
that indomethacin exhibited a higher affinity to COX-1 then PG-15, reaching 100% of
enzymatic activity inhibition at 1uM, but to COX-2, PG-15 presented more affinity in
tested doses. Although, the COX-2 inhibitor Celecoxib exhibited more affinity to COX-2
then PG-15.

3.2. Inhibition of leukocyte migration in carrageenan mice air pouch
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The injections of air into mice back forms an in vivo chamber which is a highly
reactive lining tissue composed primarily of fibroblast-like cells (Sedgwick et al. 1983).
When carragenin is injected into this produced tissue, it rapidly induces the
inflammatory processes and leukocyte migration starts. Results obtained evaluating
leukocyte migration inhibition is expressed as anti-inflammatory activity of PG-15, orally
from 0.8 mg/kg to 50 mg/kg, and are listed on Table 2. The effective dose for inhibition
on leukocyte migration by 50% (EDsp) was 7.5 mg/kg, calculated using linear regression

analysis, plotting probit of percent activity vs log dose (mg/kg).

Increasing doses of PG-15 did not result in increased activity at the range of
doses tested; revealing that the effect was not dose-dependent and probably highest

effect was reached with 3 mg/kg.

Leukocyte migration to inflammatory sites is a gradual process, which is
dominated in its early phases by chemokine- and cytokine-mediated neutrophil
recruitment (Ferrandi et al. 2007). After a time lag of about 2 h, neutrophils steadily
accumulated in the carrageenin/air-pouch until 8 h. Similarly, the interleukin 8 level of
exudate increased after about a 2 h lag, and reached a maximum at 8 h (Nagakawa et
al. 1992). It's also known that tumour necrosis factor (TNF) is a mediator of
inflammation in the carrageenan-induced mouse air pouch model (Romano et al.
1997).These facts suggests that PG-15 could be active by interfering in chemokine- and
cytokine-mediated leukocyte recruitment.

But its important to note that in the air pouch model, production of PGE; is
induced, a process which is largely derived from COX-2 originating in the lining tissue
(Seibert et al., 1994). Another prostaglandin derived form COX-2, PGF,, is responsible
to stimulated leukocyte migration to inflammation site (Menezes et al. 2005), so, there is
good relationship between COX-2 inhibition and reduction on leukocyte count in
exudate from pouches and in vitro COX inhibition by PG-15 results showed that PG-15

is capable to bind COX enzymes.

We observed that PG-15 exhibited a very important activity, comparable to

reference NSAIDs, as indomethacin. Based on model features, we can suggest that
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PG-15 activity is from COX inhibition, but not only from this inhibition. In vivo
inflammatory processes it's a sum of several mediators effects. As PG-15 inhibition in
vivo was practically twice then was observed in in vitro COX inhibition, we can suggest

that PG-15 is acting in more then one mechanism of inflammation.

From the group that received 3 mg/kg dose, exudates aliquots were analyzed to
quantify PG-15 at the inflammation site. Seven hours after dosing it was possible to
determine a mean concentration of 84.85 + 43 ng/mL (n = 6) of PG-15 in the exudates,
showing that indeed the drug penetrates into the inflammation and it is present in high

concentrations at the inflammatory site.

3.3. Carragenin-induced peritonitis

Changes in a number of peritoneal leukocytes 4 h after carragenin-induced
peritoneal inflammation are shown in Table 2. PG-15 inhibited 30.7% of leukocyte
migration in peritonitis model. Exudates analyzed to quantify PG-15 in inflamed
peritoneal fluid 5 hours after dosing exhibiting average drug concentration of 30.51 £ 7.7
ng/mL (n = 3).

The lower anti-inflammatory activity observed in this inflammation model
compared to the air pouch model may be a reflection of the differences in mediators
presents in this timepoint of inflammation. Air-pouch exudates were collected six hours
after inflammation, whereas in peritonitis model exudates were collected four hours
after. We also observed that lower levels of PG-15 were determined in the peritonitis
site compared to the air pouch exudates, this difference is probably related with PG-15
affinity to these inflammations sites, that are not equals. According to Sedgwick and co-
workers (1983), air pouch model induces the proliferation of cells that stratify on the
surface of the cavity to form a structure similar to the synovia. In peritonitis model,

inflammatory site correspond to cells of regular peritoneal cavity and recruited cells.

3.4. Pharmacokinetics in rats
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PG-15 pharmacokinetics was evaluated in Wistar rats after 3mg/kg iv dosing and
3 and 6 mg/kg oral dosing. After 3 mg/kg iv dosing, PG-15 exhibited a rapidly
distribution, with plasma levels falling from 9 000 ng/mL, 5 min after administration, to
300 ng/mL in last then 30 min, as shown in Figure 2. After distribution, PG-15
elimination was slow, characterizing drug body disposition as a two-compartment

model.

Pharmacokinetic parameters determined from individual plasma profile analysis
after intravenous dosing are presented in Table 4. No significant difference was
observed between parameters estimated by compartmental and non-compartmental
approaches, showing the appropriateness of the model selected to fit the experimental
data. The goodness of fit, determined by MSC, was in the range of range 2.93 to 4.98,
also confirming the model selected. PG-15 presented an average half-life around 5 h,

with an average volume of distribution of 2 L/kg and a clearance of 0.9 L/h/kg.

Although PG-15 after 3 mg/kg i.v. dosing showed a plasma profiles compatible
with first order elimination, data from a 15 mg/kg i.v. dose showed that the drug

presents a saturable elimination at higher doses (Uchda et al., 2008).

After PG-15 3 mg/kg oral dosing the drug was rapidly absorbed showing peak
plasma levels between 0.5 and 1 h, as it can be seen in Figure 3. Even though the first
hour after dosing was not well-characterized, the one-compartment model more
adequately fit the experimental data, with an MSC in the range of 0.11 to 0.56. The
pharmacokinetic parameters determined for this dose are presented in Table 5. No
significant differences were observed between parameters determined by
compartmental and non-compartmental analysis, confirming the adequability of the

choose model.

Although the half-life, the elimination rate constant and the total clearance
following oral and i.v. administration of a 3 mg/kg were statistically similar (o« = 0.05)
(Tables 3 and 4), the volume of distribution after iv dosing was almost 5 times higher
than after oral dosing. One hypothesis to explain this difference only on Vdss can be that

the sampling scheduled used did not allow for the characterization of PG-15 distribution
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adequately and, instead of a one-compartment model used, a two-compartment would
better characterize the drug disposition in the body. This hypothesis is supported by the
fact that it was not possible to fit the higher PG-15 levels observed in plasma after oral
dosing (Figure 3) although different models were used. To better characterize the drug
distribution; at least another 4 blood samples would have to be withdrawn up to 5 hours

after dosing.

PG-15 plasma levels after i.v. dosing were extremely high in first 15 min after
administration and they declined very quickly. These high concentrations resulted in a
greater overall body exposure to PG-15 after systemic administration, expressed by an
area under the curve (AUC) of 3949 + 2068 ng-h/mL that compared to the AUC
observed after the same dose was administered orally (1113 + 724 ng-h/mL) lead to an
bioavailability of 28%.

Aiming to evaluate whether PG-15 exhibits a linearity pharmacokinetics in the
dose range investigated in the pharmacodynamic studies, an oral dose of 6 mg/kg was
evaluated. Plasma profiles obtained after this dose were very erratic and variable. The
profiles could be split into two distinct groups (Figure 4). One profile was similar to those
obtained after 3 m/kg p.o. dosing (sub-group A). In the other, plasma concentrations
reach high levels 15 min post-dosing and were kept high for almost 16 h, suggesting a

saturation of drug elimination (sub-group B).

No pharmacokinetic model was capable of fitting both sub-groups, alone or
simultaneously. A non-compartmental analysis was performed for the sub-groups
separately (Table 6). Elimination phase could not be properly characterized for sub-
group B because the AUC extrapolated was around 70%. Blood sampling was collected
after 16 hours in order to better characterize the elimination phase but the
concentrations were bellow the limit of quantification of the analytical method used to
quantify PG-15 in plasma. Due to the high inter-individual variation, a statistical analysis

proved to be pointless.

Comparing the profile of sub-group A (6 mg/kg) with that obtained after oral

dosing of 3 mg/kg one can observe that doubling the dose did not reflect in overall
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increase in body exposure to the drug. The AUC for both groups were statistically
similar (o = 0.05). Furthermore, the AUC of both sub-groups A and B, that received 6
mg/kg orally, was no statistically difference besides the differences in the shape of the

profiles.

An erratic absorption of PG-15 after oral administration can be observed in the
profiles (Figures 3 and 4), by the elevated variability of the pharmacokinetic parameters
determined as well as by the fact the higher dose administered by this route showed
two distinct patter than could not be modeled. Furthermore, some individual profiles
after the higher oral dose showed multiple peaks. Similar variability was not observed
after intravenous administration. PG-15 erratic absorption can be attributed to its poor
solubility at the site of absorption due to its high lipophilicity (LogP = 4.05, calculated by
Tekto’s method) (Tekto and Bruneau, 2004). The low solubility of the drug to in aqueous
media, even in different pHs, probably render the drug to be poorly and non-

homogenously absorbed along the gastrointestinal tract.

Another explanation for the erratic absorption observed after oral dosing could
also be absorption due to active transport which was saturated at the higher dose used.
This hypothesis could explained why increasing doses it was not possible to observe an
increase in the AUC. It's also possible to associate the lack of difference in overall
exposure between the two doses investigated by an active efflux mechanism, such as
glycoprotein P (PgP), which could lead to high variability in drug plasma levels due to

genetic individual variability in PgP expression (Urquhart et al. 2007).

Erratic absorption behavior, similar to what was observed for PG-15, has been
reported for drug like 5-flourouracil and cannabinoids in clinical trials. Oral
administration of 5-fluorouracil give rise to erratic plasma values due to greater
variability in absorption, whereas 96 h i.v. infusions showed constant levels of the drug
in plasma (Fraile et al. 1980). After oral administration of the highly lipophilic
cannabinoid drugs dronabinol and nabilone Guzman (2003) reported that the absorption
was slow and erratic probably due to degradation in the acid pH of the stomach and
variable individual rates of first-pass metabolism in the liver. Some patients showed

more than one plasma peak after oral dosing which made it more difficult to control the
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drugs effects. Other routes of cannabinoid administration such as intravenous, rectal
and sublingual circumvent the aforementioned problems of oral administration by
producing single, rapid and high drug-plasma peaks, confirming that the oral route is the

source of profiles and not the drug per se.

The results of the pharmacokinetic lack of linearity and erratic profiles after oral
dosing are in accordance with the anti-inflammatory results obtained in the air pouch
model, where no significant difference in activity was observed by increasing the dose
from 0.8 mg/kg to 3 mg/kg. Moreover, when doses increased from 3 mg/kg to 12.5 or 50

mg/kg, the activity was reduced, probably as result of absorption difficulties.

It is also important to notice PG-15 concentration present at the inflammatory site
of the air pouch model measured 7 h after a 3 mg/kg oral dose was in the same order of
magnitude (83.85 + 43.46 ng/mL) that it was observed in plasma at the same time
(approximately 42 ng/mL), demonstrating that the drug in plasma equilibrates with drug
in the inflammatory exudates and plasma levels can be used as surrogate for

inflammatory tissue concentrations.

Thus, pharmacokinetic evaluation of PG-15 in rat plasma reveals an interesting
profile for a COX inhibitor. After oral dose of 3mg/kg, PG-15 has a volume of distribution
of approximately 11 L, was absorbed rapidly (Tmax 0.62 h), demonstrated a rapid plasma
elimination (t1/2 5.2 h). After oral dosing, PG-15 exhibits a low and erratic absorption,
probably due to its low solubility in water associated to first-pass metabolism, efflux by
pg-P, saturation of active mechanism of absorption or saturable metabolization. All

hypotheses should be further investigated.

Plasma levels detected in pharmacokinetic study were coherent with
pharmacodynamic results and contributed to explain the lack of dose-effect relationship.
To deal with PG-15 absorption problem the use of pharmaceutical technology
knowledge can be applied. Preparation of co-crystals, metastable polymorphs, high-
energy amorphous forms or ultrafine particles (Blagden et al. 2007); preparation of
microparticles (Wong et al. 2006); incorporation into micro or nanoparticles (Gonalez et

al. 1999) or even incorporation into carrier systems as cyclodextrin clusters, which are
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successful strategies that were previously employed in similar situations, should be

pursued.

4. Conclusions

PG-15 was found to be effective in two mice models used to establish anti-
inflammatory activity. The efficacy of PG-15 was similar to indomethacin, and the
potency was generally comparable. In vitro COX inhibition showed that PG-15 is not
COX-selective, leading to classify the drug as nonselective NSAID. Pharmacokinetic
profile of PG-15 revealed oral absorption problems when dose is increased and further
studies viewing to improve drug absorption should be conducted. Combination of results
described in this manuscript allowed to indicate PG-15 as a potential leading compound

for anti-inflammatory candidate that can be further optimized.
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Table 1 COX-1 and COX-2 (ovines) inhibition by thiazolidinone PG15, celecoxib and
indomethacin at 1 yM and 0,01 uM (average * standard error (SE).

Compound Concentration COX-1 Inhibition % COX-2 Inhibition %
(mean = SE) (mean = SE)
PG-15 1 uM 39.1+3.6 10.1 £ 3.0
0.01 uM 30.0+0.7 13.9+3.7
Celecoxib 1 uM 0 47.5+£1.0
0.01 uM 0 11.6+1.0
Indomethacin 1 uM 100 £ 0.1 0

0.01 uM 416 +£0.1 0
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Table 2 Anti-inflammatory activity exhibited to thiazolidinone PG-15 and standard drugs
(aspirin, dexamethazone, nimesulide, indomethacin, celecoxib) given orally at
respective doses. PMNL count is expressed as total cell number by exudate mL. Activity
(%) is calculated considering control group cell counting as 100% and values are
significant to an a =0.05 (ANOVA. Tukey’s test).

Compound Dose PMNL/mL Anti-inflamatory activity
(average + S.E.)

PG-15 0.8 mg/kg  0.70+0.06 X 10° 59.1+ 3.5

3 mg/kg 0.56 + 0.08 X 10° 67.2+4.6

12.5mg/kg  0.83 +0.08 X 10° 51.5+ 4.6

50 mg/kg 1.04 0.05+ X 10° 39.2+ 2.9
Aspirin 200 mg/kg  0.45+0.03 X 10° 73.7£ 2.04
Indomethacin 10 mg/kg 0.76 + 0.07 X 10° 55.5+4.3
Dexamethazone 1 mg/kg 0.40 + 0.1 X 10° 76.6£ 6.2
Nimesulide 5 mg/Kg 1.16 £ 0.1X 10° 32.2+ 5.86
Celecoxib 10 mg/Kg 0.27 + 0.06X 10° 84.2+ 3.9

CONTROL  1.71+0.12X10° -
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Table 3 Anti-inflammatory activity exhibited to thiazolidinone PG-15 given orally at 3
mg/kg and indomethacin given orally at 10mg/kg. Leukocyte count is expressed as total
cell number by peritoneal exudate mL. Activity (average + SE ) is calculated considering

control group cell counting as 100%. Values are significant to o =0.05 (ANOVA)

Compound Leukocyte/mL Anti-inflamatory activity (%)

PG-15 (3 mg/kg) 6.79 X 10° 30.7 £4.2

CONTROL 9.80 X 10° -
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Table 4 Pharmacokinetic parameters of thiazolidinone PG-15 following single i.v. dosing
of 3 mg/kg to Wistar rats (n = 5).°

Parameters® Compartmental Analysis® Non-compartmental Analysis®
A (ug/mL) 71.3+£67.5

B (ng/mL) 162.2 £ 98.2

o (h™) 21.28 + 10.63

B (h") orke (h™) 0.16 + 0.09 0.17 £ 0.08
AUC... (ng-h/mL) 3949 + 2068 4025 + 1496
Ve (L/kg) 0.11+0.12

Vdss (L/KQ) 24+18 1.9+0.9
Vdarea (L/kg) 74+42

ClLiot (L/h/KQ) 0.9+05 0.9+0.3
tVea (h) 0.04 £ 0.03

t4B (h) 5.9+ 3.8 47+1.9
MSC range 2.93-4.98

®Values represent average * SD; °A = intercept of the distribution phase; B = intercept of the elimination
phase; o= distribution rate constant; B =elimination rate constant; Vc = volume of the central
compartment, Vdss = volume of distribution at steady sate, CL = total clearance, k.= elimination rate
constant, t¥2a = distribution half-life; t2p = elimination half-life, MSC = model selection criteria. “No
statistically difference were observed between the parameters estimated by both approaches (o = 0.05).
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Table 5 Pharmacokinetic parameters of thiazolidinone PG-15 following oral dosing of 3

mg/kg to Wistar rats (n = 3) (Average * SD)

Parameters Compartmental analysis Non-compartmental analysis
Vd (L/h) 97+45 8.6 +2.0
CLiot (L/h/KQ) 14 +£0.7 0.9+05
AUCq... (ng*h/mL) 692 + 280 1113 £ 724
ka (h™) 6.82 + 3.08

ke (h™) 0.16 + 0.07 0.09 + 0.03
t% (h) 5.2+ 3.2 8.1+35
Cmax (ng/mL) 95.7 + 54.6 214.5+121.3
tmax () 0.6+0.2 0.8+0.1
Bioavailability - 0.28
MSC range 0.11 to 0.56 -
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Table 6 Pharmacokinetic parameters of thiazolidinone PG-15 following oral dose of

mg/kg to Wistar rats. (Average + SD)

Parameters Sub-Group A (n = 3) Sub-Group B (n =4)
ke (h™) 0.19 +0.11* 0.020 + 0.015
t% (h) 45+22 69.5 + 64.4
AUC...(ng-h/mL) 465 + 72,0 6506 + 4842

% AUCextrapolated 20.8 £ 13.0* 75.2+18.6
CLiot (L//kg) 0.8+0.1 -

Crax (ng/mL) 150.8 + 103.4 -

tmax (D) 0.42+0.14 -
Bioavailability 0.06 -

*statistical difference (o. = 0.05)
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Figure 1 Chemical strucuture of (A) Indomethacin attached to thiazol group
(R=Aromatic group); (B) 3-(4-Chlorobenzyl)-5-(1H-indol-3-ylmethylene)-4-thioxo-
thiazolidin-2-one (LYS-5); (C) N-Triptofil-5-substituted-2,4-thiazolidinedione (GS28); (D)
Indomethacin; (E) Rosiglitazone and (F) 5-(Z,E)-3-[2-(4-chlorophenyl)-2-oxoethyl]-5-
(1H-indol-3-yImethylene)-thiazolidine-2,4-dione (PG-15).
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Figure 2 Mean plasma profile of thiazolidinone PG-15 after a single 3 mg/kg i.v. dose (n

= 5) (Average + S.D).
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Figure 3 Mean (A) and individual (B, C, D) plasma profiles of thiazolidinone PG-15 after
a single 3 mg/kg oral dose (Mean + SD) (n = 3). (Average + SE).
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Figure 4 Mean plasma profile of thiazolidinone PG-15 after a 6 mg/kg oral dosing.
Distinct profiles can be observed: (A) Sub-group A - profile similar to that obtained after
3 mg/kg oral dosing (n = 3); (B) Sub-group B — Maintenance of plasma levels for 16
hours post-dosing (n = 4); (C) superposition of profiles of sub-groups A (¢) and B (mw)

profiles (Average + SE).
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Abstract

In order to seek for new anti-inflammatory candidates, a series of 3,5-disubstituted-
thiazolidines and imidazolidines derivatives was prepared by a simple synthetic pathway
comprising three steps. Proof of the structure and configuration was obtained through
'H NMR, IR, and MSA. All derivatives exhibited significant activity levels in carrageenin
induced rat paw edema model. Some compounds were also tested to COX-2 inhibition
in vitro. In addition, a docking study was performed in order to determine differences in
binding modes of compounds in the cyclooxygenase channel. The results showed that
only 5-(4-dimethylamine-benzilidene)-3-(4-bromine—phenacyl)-2-thioxo-imidazolin-4-one

(7) had similar orientation of SC-558, a specific COX-2 inhibitor.

docking / imadazoline / thiazolidine / COX-2
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1. Introduction

Cyclooxygenase (COX) is an endogenous enzyme that catalyses the first step of
arachidonic acid conversion into prostaglandins and thromboxanes. COX s
competitively inhibited by a group of drugs known as non-steroidal anti-inflammatory
drugs (NSAIDs). It was discovered in 1971" that COX is the molecular targets for

23 are of immense benefit in the

NSAIDs. Non-steroidal anti-inflammatory drugs NSAIDs
treatment of inflammatory diseases. Their action results in anti-inflammatory, analgesic,
antipyretic and antithrombotic activity exhibited by this group of molecules*. Members of
this group include well known therapeutic agents like aspirin, diclofenac, ibuprofen,
indomethacin or naproxen®. Despite their beneficial action, their activity is associated
with deleterious side effects, and continuous administration of these drugs leads to
renal toxicity and gastric ulcerations. Consequently, new NSAIDs without side effects
are necessary for safer treatments.

In early 1990s, COX was demonstrated to exist as two distinct isoforms. COX-1
is expressed constitutively as housekeeping enzyme in nearly all tissues, and mediates
physiological response (e.g., stomach cytoprotection, platelet aggregation)®. COX-2 is
an inducible form that is presented only in inflammatory states’, releasing metabolites
that are used to induce inflammation and pain®. Drugs selectivity in their inhibition of
COX-2 act by binding to a pocket in the enzyme that is presented in COX-2 but not in
COX-1, as SC-558, a vicinal di-arylic compound with a central pyrazole ring (Figure 1).

The therapeutic anti-inflammatory action of NSAIDs is produced by inhibition of COX-2,

while the unwanted side effects arise from inhibition of COX-1 activity (Vane, 1996).
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Clinical trials with COX-2 inhibitors have been reported to cause less incidence of
gastrointestinal side effects than nonselective COX inhibitors®'™. Recently, COX-2
selective inhibitors have been associated with an increased cardiovascular risk due the
inhibition of prostacyclin synthesis in endothelial tissue'’. While the selective COX-2
inhibitors situation in therapeutics remain unclear, it is known that selective COX or non-
selective inhibitors remains the best therapeutic choice to treat acute and chronic
inflammatory diseases'?.
Figure 1

Several new molecules have been synthesized exhibiting anti-inflammatory
activity. Heterocyclic compounds such as thiadizoles’™™,  pyrimidines'®,
imidazole'"'®"°, triazole®, thiazolidine®', indazole®® and phthalimide?®** have been
tested successfully.

Aiming COX-2 inhibition, Ali and co-workers®® synthesized new 2,4-
thiazolidinedione derivatives which exhibited good anti-inflammatory activity and were
docked into COX-1 and COX-2 X-ray structures, using DOCK6 program revealing a
significant preference for COX-2. Related compounds, 5-arylidene-2-imino-4-
thiazolidinones, were synthesized by Ottana and co-workers?®. From this serie, the
compound 5-(4-methoxyphenylidene)-2-phenylimino-3-propyl-4-thiazolidinone exhibited
significant activity in models of acute inflammation such as carrageenin-induced paw
and pleurisy edema in rats and was docked in the known active site of COX-2 protein
showing that its 4-methoxyarylidene moiety can easily occupy the COX-2 secondary

pocket considered as the critical interaction for COX-2 selectivity.



182

With an imidazolidinic central ring, the compound 5-phenyl-3-(4-CF3-phenyl)-2-
thioxoimidazolidin-4-one was design as new COX-2 inhibitor and presented complete
inhibition of human recombinant COX-2 at 50 mM, but failed in inhibition of COX-2 in
human blood, due to its poor aqueous stability27.

With the thiazolidinic and imidazolinic as central ring, we showed the synthesis of
promising anti-inflammatory molecules, their evaluation in paw edema model and
docking studies of thiazolidinic and imidazolidinic derivatives substituted in 3 and 5
position (1-9) (Table 1).

Table 1

2. Chemistry

The synthetic route used to obtain thiazolidinic and imidazolidinic derivatives (1-
9) (Figure 2) starts with thiazolidine-2,4-dione and imidazolidin-2-thioxo-4-one.

The general method used to prepare the thiazolidinic final compounds (1-5) is
shown in Figure 2. They were synthesized with thiazolidne-2,4-dione as starting
material, followed by a N-alkylation reaction at N-3 position of the thiazolidine ring
followed or not by the thionation in position 4 in presence of phosphorous pentasulfide.
The final step was done by a Michael addition with appropriate ethyl 2-cyano-3-

phenylacrylate.
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Synthesis of appropriate acrylate was carried out by the Knoevenagel's
condensation of substituted aromatic aldehydes and ethyl cyanoacetate in alkaline
medium to obtain the 2-cyano-3-substituted-ethyl acrylate esters.

Figure 2

The method used to prepare compounds 6-9 is shown in Figure 3, which was
synthesized with 2-cyano-3-substituted-ethyl acrylate esters that reacts by a Michael
addition with 2-thioxo-imidizazoline-4-one, followed by a N-alquilation reaction at N-3
position of the imidazolidine ring. The structure of the compounds was confirmed by IR,
'"H-NMR and Mass spectral data.

Figure 3

3. Biological

The in vivo anti-inflammatory activity of synthesized compounds was determined
using carrageenin induced rat paw edema®. Compounds 1-9 were given
intraperitoneally (50mg/kg) one hour before the edema induction. Control group
received only vehicle. Preliminary results revealed that tested compounds exhibited
good biological activity. The results are presented in Table 2 and are discussed in terms
of structural characteristics.

Compound 2 (50mg/kg, p.o.) was also evaluated to anti-inflammatory activity by
air pouch model. Air pouches were formed by a subcutaneous injection of air, as

described by Klemm, Harris and Parretti’® and inflammation was induced by
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carrageenin injected into the pouches®. After experiment, leukocytes presented in
exudates fluid were counted. Treated and control groups were compared in terms of
leukocyte counting. Results are listed in Table 3.

Compounds 2, 6, and 7 were tested for in vitro COX-2 inhibition, using the
colorimetric Ovine Cyclooxygenase assay kit (Cayman Chemical Company, USA)
where inhibition of enzyme activity was determined calorimetrically as described by

Kulmacz and Lands®'. Inhibition results are presented in Table 4.

4. Docking Study

The FlexX® is an automated docking program that considers ligand
conformational flexibility by an incremental fragment placing technique® The crystal
structure of COX-2 in complex with SC-558 (Figure 1), a selective COX-2 inhibitor, was
recovered from RCSB Protein Data Bank (http://www.rcsb.org/pdb) (6COX — PDB
code). Conformation and space orientation of SC-558 (Figure 1) extracted from the X-
ray crystallographic inhibitor-enzyme complex were used as a template for the
construction of the 3,5-disubstituted-thiazolidines and imidazolidines derivatives at the
enzyme active site level. The active site was defined by all atoms within 6.5 A° radius of
the co-crystallized ligand. The proposed interaction mode of the ligands in the active
site of 6COX was determined as the highest scored conformation (best-fit ligand)
among 30 conformational and binding modes generated according to FlexX® scoring
function. The initial structures of heterocyclics derivatives were generated by the
application of AM1*®* method available in BioMedCache® software [BioMedCAChe

version 6.1, Copyright ©2000-2003 Fujitsu Limited, Copyright©1989-2000, Oxford
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Molecular Ltd., http:///www.CACheSoftware.com], using internal default settings for
convergence criteria. Compounds’ geometries were subsequently optimized using the
Tripos force field with Gasteiger-Huckel charges (Sybyl, Version 7.2. Tripos Associates:
St. Louis, MO, 2006). The most stable docking solutions for the thiazolidinic and
imidazolidinic compounds (1-9) complexed with the COX-2 are presented in table 2,
with the score of binding values.
5. Results and discussion

A modeling study using FlexX® program was performed to dock the compounds
(1-9) into the active site of the enzyme viewing to investigate the molecular
characteristic of heterocyclic derivatives possibly associated with the inhibition of COX-
2. In order to find possible correlations between experimental and theoretical data, the
score of binding (kJ), used for distinguishing good from bad placements, and percent
edema inhibition, presented in Table 1, was plotted against each other. No linear
correlation between anti-inflammatory effect and score of binding was observed.
Interestingly, when score of binding was plotted against LogP of the compounds
(calculated by Tekto’s method®), a correlation was observed suggesting that 3,5-
imadazolidines and thiazolidines lipophilicity and COX-2 affinity had a direct
relationship, as seen in Figure 4. In the same way, when edema inhibition was plotted
against LogP of the compounds, a linear relationship was detected, when better anti-
inflammatory activity was related with lower LogP, as seen in Figure 4. Analysing data
from this point of view, compounds appeared to exhibit a reversal relationship between
activity and capability to bind COX-2 (Figure 5), showing that molecules with more

stable or negative energies are less active.
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Table 2 and Figure 4 and 5

When score of binding results were compared with COX-2 in vitro inhibition, we
observed that compound 7, which exhibited best binding from series, comparable to
standard inhibitor SC-588, was also the best inhibitor in in vitro study, again comparable
to standard drug celecoxib. Other tested compounds did not exhibited COX-2 inhibition
in tested dosis.

Table 4

This finding could be possibly related to how 3,5-imadozolidines and thiazolidines
are binding to COX-2. Only compound 7 fitted enzyme in exactly the same position of
standard inhibitor SC-588, as seen in Figure 6a. Compounds 1, 3, 4, 5, 6 and 9 were
occupying same site (Figure 6b), which was a different spot that was reported as
“alcove mode” by Gauthier and co-workers®’ to similar imidazolidine compounds.
Apparently, they occupied a secondary space between lipophilic alcove created by
aminoacids Leu-384 and Leu-503 and polar side-pocket, where they bonded with GIn-
192, making only a partial steric inhibition on active site channel. Besides, within these 6
compounds, structures in best fitting mode were not superimposed. We observed that
all compounds that fit in this “left mode” formed hydrogen bonds between carbonyl
group of central ring and GIn-192, but 1, 4, 5 and 9 fitted with arylidenic moiety oriented
to internal side of the enzyme, while 3 and 6 were oriented with benzilic part more inside
and arylidenic moiety were placed almost outside of enzyme channel, binding His-90
and Ser-354, respectively. So for this group of molecules, it was reasonable to suppose

that there was no influence on the mechanism of araquidonic acid catalyzing.
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For compounds 2 and 8, something interesting was observed. Both compounds
fitted neither SC-588 nor “left mode” presented by 1, 3, 4, 5, 6 and 9. Compound 2 fitted
in external position of the active site, while compound 8 occupied a space in the
opposite side of “left mode” (Figure 6¢c and 6d). Thiazolidinic carbonyl group of
compounds 2 and 8 binds with His-90 and Tyr 385, respectively. His-90 is an amino
acid that takes place on active site entrance, while compound 8 bounded with Tyr-385,
which is at the COX site of peroxydation, involved in abstraction of the 13-proS
hydrogen from arachidonate>”.

Because a reversal relationship between docking and biological studies was
observed, and in vitro COX-2 inhibition and docking study results suggested that
compounds are not COX-2 inhibitors, we tested compound 2 in the air pouch model,
aiming to verify if anti-inflammatory activity will be persistent in another model. Results
presented in Table 3 shows that compound 2 exhibited anti-inflammatory activity.
Comparing with controls from both assays in air pouch, compound 3 was less effective,
which could be related to a difference in inflammatory response evocated by the two
methods or a difference in administration route. As anti-inflammatory activity was
confirmed, we can suggest that there is a strong possibility that 3,5-arylidene
imadazolidin and thiazolidines acts in inflammation by a mechanism which does not
involve COX-2.

As PPARs o and y were involved in inflammation resolution®, and earlier docking
studies in PPARy and PPARa and reduction on plasmatic levels of glucose and
triglycerides were observed to similar thiazolidine compounds®, we could infer that

results in inhibition on paw edema observed for 3,5-imazolidine and thiazolidine
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compounds, except compound 7, could be related to PPAR activation, instead of COX-2

inhibition.

6. Conclusion

Synthesized compounds exhibited anti-inflammatory activity in carrageenin
induced paw edema. Compound 2, has anti-inflammatory activity in air pouch model.
Inhibition of COX-2 in an in vitro assay reveals that compound 7 is a COX-2 inhibitor.
Docking study was consistent with COX-2 inhibition, and only compound 7 was docked
in active site as SC-588 standard inhibitor. Compounds activity is probably derived from

the interference in an inflammation pathway that did not involve COX-2 enzyme.

7. Experimental methods
7.1 General Remarks

All chemicals were purchased as reagent grade and used without further
purification. Reactions were monitored with analytical thin layer chromatography (TLC)
in EM silica gel 60 F254 plates and visualized under UV (254 nm). Flash column
chromatography was performed using Merck silica gel 60 (230-400 mesh). Melting
points were determined on a Quimis 340 capillary melting point apparatus and were not
corrected. The infrared spectra were recorded as KBr discs using a BRUKER (IFS 66)
infrared spectrophotometer. '"H NMR spectra were recorded on a UNITYplus — 300 MHz

— VARIAN spectrometer at 20 °C. Chemical shifts (& ppm) were assigned according to
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the internal standard signal of tetramethylsilane in DMSOds (6 = 0 ppm). Coupling
constants (J) are reported in Hz. Splitting patterns are described by using the following
abbreviations: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. "H NMR spectra
are reported in this order: chemical shift; multiplicity; number(s) and type of proton and
coupling constant(s). Mass spectra was recorded with Varian Plus (70 eV) R-1010C
Delsi-Nermag.

Intermediates were previously reported by our group®*2°#°. Compounds 2, 3, 4 and 6

were synthesized as previously reported?’.

7.2 Typical esters-acrylate synthesis reaction

A mixture of substituted aromatic adehydes (32 mmols), ethyl cyanoacetate (32
mmols), piperidin (catalytic amount) and anhydrous benzene, used as solvent, was
refluxed at 110°C in a system coupled with a Dean-Stark to separate the water formed.
When no more water was formed, reaction was stopped. This time could vary from for 4
to 24hours. Mixture was kept in the refrigerator during 12-24 hours, and crystals formed
separated by filtration. The obtained cyanoacrylate esters was purified by

recrystalization with hot ethanol.

7.3 Typical thiazolidinic reaction procedure
A solution of thiazolidine-2,4-dione (TZD) (50mmols) an Potassium Hydroxide
(50mmols) in methanol was added drop by drop of appropriated aromatic halide

(55mmols). The reaction was stirred at 65°C and followed by a thin layer



190

chromatography until TZD was totally consumed. The mixture was filtrated while warm,
liquid part was cooled, and crystals of N-alkylated-TZD (N-TZD) were filtrated and dried
in vacuum desiccator. To obtain N-alkylated-4-thizo-thiazolidin-2-one (N-4STZ), N-TZD
(8mmols) was reacted with phosphorus pentasulfide (8mmols) using dioxan as solvent
under argon atmosphere. The reaction was stirred at 90°C for 24 hours. (N-4STZ) was
purified by column chromatography on flash silica gel (hexane / EtOAc = 8:2). N-TZDs
or N-4STZ (2mmols) was reacted with appropriated cyanoacrylate (2mmols) in ethanol
with catalytic amount of piperidin at 50°C and reaction times vary from 1 hour to 2 days.

Precipitated product was filtrated and dried in vacuum desiccator.

7.3.1 (Z) 5-(3-bromine-4-metoxy-benzylidene)-3-(4-chloro-benzyl)-thiazolidine-2,4-dione
1.

C1gH13CIBrNO3S, yield: 83%. Mp: 190-191°C. TLC n-hexane: ethyl acetate (70:30) R
0,75. IR cm™ (KBr): v 1.592(CH=), 1739(C=0), 1676 (C=0). H'NMR (5 ppm, DMSO-
ds): 7,93 (s, =CH), 4,82 (s, CH2), 3,93(s,0OCH3), 7,42 (d, BLH), 7,34 (d, BLH), 7,91 (d,

BZH), 7,64(dd,BZH), 7,30 (d, BZH)

7.3.2 (Z2) 5-(5-bromine-2-metoxy-benzylidene)-3-(4-chloro-benzyl)-thiazolidine-2,4-dione
2

C1gH13CIBrNO3S, yield: 77%. Mp: 164-165°C. TLC n-hexane: ethyl acetate (70:30) R
0,82. IR cm™ (KBr): v 1.593(CH=), 1735(C=0), 1685 (C=0). H'NMR (3 ppm, DMSO-
ds): 7,97 (s, =CH), 4,82 (s, CH2), 3,89(s,0OCH3), 7,34 (d, BLH), 7,42 (d, BLH), 7,55 (d,

BZH), 7,67(dd,BZH), 7,15 (d, BZH)
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7.3.3 (Z2) 5-(1-1’-biphenyl-4-il-methylene)-3-(4-chloro-benzyl)-thiazolidine-2,4-dione 3

C23H16CINO,S, yield: 81%. Mp: 191-195°C. TLC n-hexane: ethyl acetate (70:30) R:
0.95. IR cm™ (KBr): v 1.600(CH=), 1752(C=0), 1688 (C=0). H'NMR (3 ppm, DMSO-
ds): 8,02 (s, =CH), 4,85 (s, CH2), 7,43 (d, BLH), 7,36 (d, BLH), 7,75 (d and dd

overlap,BZH), 7,88 (d,BZH), 7,47 (m, BZH)

7.3.4 5-(1-H-indol-3-il-methylene)-3-(4-methyl-benzyl)-thiazolidine-2,4-dione 4

C1H1CINOS, yield: %. Mp: 229-231°C. TLC n-hexane: ethyl acetate (70:30) Rr: . IR cm’
' (KBr): v 3.406 (NH), 1.595(CH=), 1727(C=0), 1664 (C=0). H'NMR (5 ppm, DMSO-
ds): 7,82 (s, =CH), 4,78 (s, CH2), 9,09 (s, NH), 2,27 (s, CH3), 7,29-7,14 (m, INH), 7,92

(d, BLH), 7,51 (d, BLH). Ms, m/z (%):M+ 348.

7.3.5 5-(1-H-indol-3-il-methylene)-3-(4-chloro-benzyl)-4-thioxo-thiazolidin-2-one 5

C19H13CIN2OS,, vyield: 70%. Mp: 145-147°C. TLC n-hexane: ethyl acetate (70:30) Rs:
0.57. IR cm™ (KBr): v 3.260 (NH), 1.598 (C=C), 1.724 (C=0), 1.490 (C=S). H'NMR (5
ppm, DMSO-ds): 8,22 (s, =CH), 4,83 (s, CH2), 12,23 (s, NH), 7,92-24 (m, INH), 7,43 (d,

BLH), 7,34 (d, BLH). Ms, m/z (%):M+ 384

7.4 Typical imidazolidinic reaction procedure
The 2-cyano-3-substituted-ethyl acrylate esters (3mmols) were reacted with 2-thioxo-
imidizazoline-4-one (4TID) (3mmols) piperidin (catalytic amount) in anhydrous ethanol.

Temperature rose slowly until reflux temperature and remained the same, until 4TID
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was totally consumed. Reaction time varies from 1-12 hours. Mixture was filtrated and
5- substituted-4TDI was purified by washing with appropriate solvent. 5-substituted-
4TDI (1,5 mmols) was solubilizated in methanol with potassium carbonate (1,5 mmols)
and 1,5 mmols of appropriated aromatic halide, which was added drop by drop. Mixture
was stirred at room temperature during 12-48 hours. When all reagents were
consumed, final product was filtrated, washed with cold ethanol and dried in vacuum

dessicator.

7.4.1 (2) 5-(4-dimethylamine-benzilidene)-3-(4- bromine —benzyl)-2-thioxo-imidazolin-4-
one 6

C1H1NO,SBr, yield: %. Mp: 220-222°C. TLC n-hexane: ethyl acetate (70:30) R¢: . IR cm’
' (KBr): u. H'NMR (3 ppm, DMSO-dg): 3,00 (s, N(CH3)2), 4,50 (s, CH2), 6,66 (s,=CH),
11,50 (s, NH), 7,47 (d, BLH), 7,54 (d, BLH), 6,75 (d, BZH), 8,03 (d, BZH). Ms, m/z (%):

M+2=417

7.4.2 (Z) 5-(4-dimethylamine-benzilidene)-3-(4- bromine —phenacyl)-2-thioxo-imidazolin-
4-one 7

C1H1BrNO,S, yield: %. Mp: °C. TLC n-hexane: ethyl acetate (70:30) R: . IR cm™ (KBr):
v 1.526 (C=C), 1.701 and 1624 (C=0), 1.589 (C=S).. H'NMR (3 ppm, DMSO-ds): 2,94
(s, N(CH3)2), 4,86 (s, CH2), 6,54 (s,=CH), 11,63 (s, NH), 8,11 (d, PHL)J=8,7, 7,89 (d,

PHL)J=8,7, 6,22 (d, BZH)J=9, 7,60 (d, BZH)J=9. Ms, m/z (%):M+2= 445
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7.4.3 (Z2) 5-(2-bromine-benzilidene)-3-(4- bromine —phenacyl)-2-thioxo-imidazolin-4-one
8

C1H1BrNO,S, yield: %. Mp: °C. TLC n-hexane : ethyl acetate (70:30) Ry: . IR cm™ (KBr):
03060 (NH), 1.507 (C=C), 1.710 (C=0), 1.631 (C=S). H'NMR (5 ppm, DMSO-ds): 4,93
(s, CH2), 6,89 (s,=CH), 12,03 (s, NH), 8,11 (d, PHL)J=8,7, 7,89 (d, PHL)J=8,7, 7,63 (d,

BZH)J=7,8, 7,17 (d, BZH)J=7,8, . Ms, m/z (%): M+2=480

7.4.4 (Z) 5-(1-1-biphenyl-3-il-metilene)-3-(4- bromine —phenacyl)-2-thioxo-imidazolin-4-
one 9
C1H1BrNO3S, yield: %. Mp: °C. TLC n-hexane: ethyl acetate (70:30) R¢: . IR cm™ (KBr):

V. H'NMR (8 ppm, DMSO-ds):; Ms, m/z (%): M+2=478

7.5 Carrageenin induced paw edema

Experiments were performed following ethical guidelines of Brazilian Council of
Animal Experimentation and were approved by Universidade Federal de Pernambuco
Ethics in Animal Experimentation Committee (protocol #23076.011488/2005-35). Male
Wistar rats (300-400g) were used. Hind paw volume was measured before and until 5
hours after an 1% carrageenin injection into the subplantar region of the left hind paw
using a manual hydroplethysmometer. The 1-9 compounds were given intraperitoneally
(50mg/kg) one hour before the edema induction. Control group received only vehicle
(0,9% NaCl solution + 2% Tween 80). The volume (ml) of a hind paw of control group

and treated groups were compared and reported as percent of the control paw (see
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Table 1). Statistical analysis was done by T-test, with a=0,05 (table 2). Statistical

significance was set at P < 0.05.

7,6 Air pouch model

To induce air pouches, male and female swiss mice (n=10) were injected
subcutaneously on the back with 2.5 ml of air. After 3 days, the pouches were reinflated
with 2.5 ml of air. On day 6, animals received orally compound 2 (50 mg/kg). One hour
later, inflammation was induced by injecting 1 ml of a suspension of carrageenin (1%
weight/volume in saline solution) into the air pouch, as described by Klemm, Harris and
Parretti®® adapted by Romano and co-workers®. After 6 hours, animals were sacrificed,
the pouches were flushed with 3 ml of phosphate buffered saline (PBS) with heparin
(10Ul/mL), and exudates were harvested. Aliquots were diluted with Turk Solution, and
leukocytes were counted in a Newbauer chamber. Leukocyte count is expressed as
total cell number by exudate mL. Activity (%) is calculated considering control group cell

counting as 100% and values are significant to an o =0.05 (ANOVA, Tukey’s test).

7.7 COX-2 in vitro inhibition

COX-2 inhibition assay was performed using the colorimetric Ovine
Cyclooxygenase (COX) assay kit (Cayman Chemical Company, USA). Inhibition of
enzyme activity was determined by a colorimetric assay as previously described by
Kulmacz and Lands®'. The assay measures the peroxidase component of
cyclooxygenases which is assayed colorimetrically by monitoring the appearance of

oxidized N,N,N',N'-tetramethyl-p-phenylenediamine (TMPD) to form a blue compound
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(590 nm) which reflect the rate of conversion of arachidonic acid to PGH,. Different
dilutions of 2, 6 and 7 were prepared in dimethyl sulfoxide (DMSQ) and diluted further to
derive the appropriate concentrations for testing. The assay was then performed as

described in the assay kit booklet*'.

8. Acknowledgements
The authors would like to acknowledge the financial support by CNPq — Brazil. Flavia

De Toni Uchbéa thanks CNPg-Brazil for the individual grant.

9. References

1. Marnett, L.J., Kalgutkar, A.S. Trends Pharmacol. Sci.1999, 20, 465.

2. Mantri, P., Witiak, D. Curr. Med. Chem.1994 1, 328.

3. Vane, J.R., Botting, R. Scand. J. Rheumatol. Suppl.1996, 102, 9.

4. Llorens, O., Perez, J.J., Palomer, A., Mauleon, D. J. Mol. Graph. Model.,2002 20,
359.

5. Griswold, D.E., Adams, J.L. Med. Rse. Rev.,1996 16, 181.

6. Ermondi, G., Caron, G., Lawrence R., Longo, L. J. Comp.Aid. Mol. Des., 2004, 18,
683.

7. Price, M.L.L.P., Jorgensen, W.L. J. Am. Chem. Soc.,2000 122, 9455.

8. Kargman, S., Chalerson, M., Cartwright, J., Frank, D., Riendeau, J., Mancini, J.,
.O'Neil, G. Gastrenterol, 1996, 111, 445.

9. Farkouh, M.E., Kirshner, H., Harrington, R.A., Ruland, S., Verheugt, F.W., Schnitzer,
T.J., Burmester, G.R, Mysler, E., Hochberg, M.C., Doherty, M., Ehrsam, E., Gitton, X.,



196

Krammer, G., Mellein, B., Gimona, A., Matchaba, P., Hawkey, C., Chesebro, J.H.
Lancet. 2004, 21, 675.
10. Hawkey, CJ. The Lancet.1999, 353, 307.

11. Funk, C.D., Fitzgerald, G.A., J Cardiovasc Pharmacol.2007 50, 470.
12. Mitchell, J.A., Warner, T.D. Nature Reviews Drug Discovery, 2006, 5, 75.

13. Song, Y., Connor, D.T., Sercel, A.D., Sorenson, R.J., Doubleday, R., Unangst, P.C.,
Roth, B.D., Beylin, V.G., Gilbertsen, R.B, Chan, K., Schrier, D.J., Guglietta, A.,
Bornemeier, D.A, Dyer, R.D..J Med Chem. 1999 42, 1161.

14. Gadad, A.K., Palkar, M.B., Anand, K., Noolvi, M.N., Boreddy, T.S., Wagwade, J.
Bioorg Med Chem. 2008, 16, 276.

15. Quintela, J.M., Peinador, C., Gonzélez, L., Devesa, |., Ferrandiz, M.L., Alcaraz,
M.J., Riguera, R. Bioorg Med Chem. 2003; 11, 863.

16. Orjales, A., Mosquera, R., Lopez, B., Olivera, R., Labeaga, L., Nuhez, M.T. Bioorg
Med Chem. 2007 Dec 5; [Epub ahead of print]

17. Wiglenda, T., Ott, 1., Kircher, B., Schumacher, P., Schuster, D., Langer, T., Gust, R.
J Med Chem. 2005 48, 6516.

18. Almansa, C., Alfén, J., de Arriba, A.F., Cavalcanti, F.L., Escamilla, I., Gomez, L.A.,
Miralles, A., Soliva, R., Bartroli, J., Carceller, E., Merlos, M., Garcia-Rafanell, J. J Med
Chem. 2003, 46, 3463.

19. Navidpour, L., Shadnia, H., Shafaroodi, H., Amini, M., Dehpour, A.R., Shafiee, A.
Bioorg Med Chem. 2007, 15, 1976.

20. Navidpour, L., Shafaroodi, H., Abdi, K., Amini, M., Ghahremani, M.H., Dehpour,

A.R., Shafiee, A. Bioorg Med Chem. 2006, 14, 2507.



197

21. Santos, L.C.; Uchoa, F.T.; Canas, A.R.P.A.; Sousa, |.A.; Moura, R.O.; Lima, M.C.A_;

Galdino, S.L. ; Pitta, I.R.; Barbe, J. Heterocyc. Comm., 2005, 11, 121.

22. Rosati, O., Curini, M., Marcotullio, M.C., Macchiarulo, A., Perfumi, M., Mattioli, L.,
Rismondo, F., Cravotto, G. Bioorg Med Chem. 2007, 15, 3463.

23. Lima, L.M., Castro, P., Machado, A.L., Fraga, C.A,. Lugnier, C., de Moraes, V.L.,
Barreiro, E.J. Bioorg Med Chem. 2002, 10, 3067.

24. Sano, H., Noguchi, T., Tanatani, A., Hashimoto, Y., Miyachi, H. Bioorg Med Chem.
2005, 13, 3079.

25. Ali, A.M., Saber, G.E., Mahfouz, N.M., EI-Gendy, M.A., Radwan, A.A., Hamid, M.A.
Arch Pharm Res. 2007, 10, 1186.

26. Ottana, R., Maccari, R., Barreca, M.L., Bruno, G., Rotondo, A., Rossi, A., Chiricosta,
G., Di Paola, R., Sautebin, L., Cuzzocrea, S., Vigorita, M.G. Bioorg Med Chem. 2005
13: 4243.

27. Gauthier, M.P., Michaux, C., Rolin, S., Vastersaegher, C., de Leval, X., Julémont,
F., Pochet, L., Masereel, B. Bioorg Med Chem. 2006;14 :918.

28. Winter, C.A.; Risley, E.A.; Nuss, G.W. Proc.Soc.Exp. Biol. Med.,1962, 111, 544.

29. Klemm, P., Harris, H.J., Perreti, M, Eur J Pharmacol, 1995 281, 69.

30. Romano, M., Faggioni, R., Sironi, M., Sacco, S., Echtenacher, B., Di Santo, E.,
Salmona, M., Ghezzi, P. Mediators of Inflamm, 1997 6,32.

31. Kulmacz, R.J., Lands, W.E.M., Prostaglandins 1983, 25, 531.

32. Rarey, M., Kramer, B., Lengauer, T., Klebe, G..J. Mol. Biol. 1996, 261, 470.

33. Dewar, M.J.S.; Zoebisch, E.G.; Healy, E.F.; Stewart J.J.P, J. Amer. Chem. Soc.
1985, 107, 3902.

34. Tetko, I.V.; Bruneau, P., J Pharm Sci, 2004, 93, 3103.



198

35. Shimokawa, T.; Kulmacz, R.J.; DeWitt, D.L.; Smith, W.L. J Biol Chem 1990 265,
20073.

36 Leite, L. F.C., Mourdo, R.H., Lima, M.C.A., Galdino, S.L., Hernandez, M.Z., Neves,
F. A. R., Vidal, S., Barbe, J., Pitta, |.R. Eur. J. Med. Chem. 2007, 42, 1263.
37. Blanquart, C., Barbier, O., Fruchart, J.C, Staels, B., Glineur, C. J. Steroid Biochem.

Mol. Biol., 2003 85, 267.

38. Amorim, E. L. Cavalcanti; Brandao, S. S. Ferreira; Cavalcanti, C. O. Morais;
Galdino, S. Lins; Pitta, I. Rocha; Luu Duc, C. Ann. Pharmac. Fr. 1992, 50, 103.

39. Goes, A. J. Silva; Alves de Lima, M. C.; Galdino, S. Lins; Pitta, |. da Rocha; Luu-
Duc, C. Ann. Pharmac. Fr, 1991, 49, 92.

40. Albuquerque, J.F., Azevedo, L.C., Galdino, S.L., Chantegrel, J., Pitta, |.R., Luu-Duc,
C. Ann. Pharmac. Fr, 1995, 53, 209.

41. Cayman Chemical Company Colorimetric 2005, COX (ovine) Inhibitor Screening

Assay, Booklet, Cayman Chemicals, Ann Arbor.



199

Tablel. 3,5-Dissubstitutes imidazolidines and thiazolidines 1-9.

IR3
R4
>$R2
Hm,\/ 1
RS
F R, R, R R, R,
1 & © 4ciCHCH:; © 2 SHErdcHOoCH,
_2 S 0O 4CICHLHz O 2CHPOSBCHa
3 5 0 4CicHoH, O TCHLH,
4 = 0 4CHLHCH: © Sindol
5 = 0 4cicH,H: S Sindal
6 NH 5 4B H,oH, O dCHIdTH,
T MH = 4BrCH.L0CH: O 4CHIFICeH,
8 MH = 4B H,o0CH, O 2BrCH,
9 MH & 4B H00H, O TCHIH,



200

Table 2. Percentual of Paw Edema Inhibition (average + se) 4 hours after inflammatory
stimulus (carrageenin) and Docking Results for 1-9 ligands in COX-2. Coumpounds 1-9

were given intraperitoneally at 50mg/kg, p < 0.05 compared to control (T-test).

Compound % anti-inflammatory activity Total Score FlexX
1 426+7.4 -14.00
2 78.9+29 -13.32
3 46.5+11.3 -13.13
4 61.8 £5.65 -9.93
S 775+9.2 -13.66
6 54.8 +12.8 -10.61
7 52.9+9.3 -20.11
8 61.7 £ 18.8 -14.03
9 20.5+9.7 -16.15

SC-58 -20.64
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Table 3 Anti-inflammatory activity exhibited to compound 3 and standard drugs

indomethacin and celecoxib given orally at respective doses. Leukocyte count is

expressed as total cell number by exudate mL. Activity (%, average + S.E.) is calculated

considering control group cell counting as 100% and values are significant to an a =0.05

(ANOVA. Tukey’s test).

Drug Dose
Compound 2 50 mg/kg
Indomethacin 10 mg/kg

Celecoxib 10mg/Kg
CONTROL

Leukocyte/mL
1.19+0.14 X 10°
0.76 + 0.07 X 10°
0.27 +0.06X 10°
1.71+0.12 X 10°

Anti-inflammatory activity
30.4 +8.2
55.5+4.3
84.2+ 3.9




Table 4 COX-2 (ovine) inhibition by compounds 2, 6 and 7 at 1 yM and 0.01 yM, and

standard drugs celecoxib and indomethacin at 1 yM and 0.01 yM.

Druug Concentration COX-2 Inhibition %
Celecoxib 1 uM 47.5+1.0
0.01 uM 11.6+1.0
Indomethacin 1 yM 0
0.01 uM 0
Compound 2 1 uM 0
0.01 uM 0
Compound 6 1 uM 0
0.01 uM 0
Compound 7 1 uM 529+1.0
0.01 uM 2.7+ 1.0*

*= not significant

202
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Figura 1. COX-2 inhibitor SC-558
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Figure 2. Synthetic route to compounds 1-5, [a] Aromatic substituted halide,
KOH, MeOH, reflux, [b] P,Ss, dioxane, reflux, [c] ethyl 2-cyano-3-substituted (R5) —

acrylate, piperidin, methanol, reflux.
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TVS —— Iko i%s

Figure 3. Synthetic route to compounds 6-9, [a] ethyl 2-cyano-3-substituted (R5) —
acrylate, piperidin, methanol, reflux, [b] aromatic substituted halide, KOH/K2CO3,

MeOH, reflux.
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Figure 4. A) Correlation between the score of binding (kJ) and Compounds 1, 2,

3,4,5,6,8 and 9 LogP. Outlayer compound (7M) was removed for best fitting. B)

Correlation between percent edema inhibition and Compounds 1, 2,3,4,6,7,8 and 9.

Outlayer compound (5m) was removed for best fitting The stippled line at the diagonal is

linear regression obtained from experimental data.
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LogP, COX-2 score of binding and anti-inflammatory activity
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Figure 5. A) Correlation between the score of binding (kJ), percent edema inhibition (%)
and Compounds 1-9 LogP. The stippled lines at the diagonal are linear regressions
obtained from experimental data. Outlayers compound 7 and 5 were removed for best

fitting from anti-inflammatory and score of binding regressions, respectively.
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Figure 6: A) Compound 7 (green), docked into COX-2 active site, in same position of
SC-588 (cyano). B) Compound 5 (cyano) docked in “left mode”, where carbonyl moiety
from central ring forms Hydrogen bond with GLN-192, compound SC-588 appears in
active site (green). C) Compound 2 (cyano), forming hydrogen bond with His-90,
compound SC-588 appears in active site (green). D) Compound 8 (green) docked in
opposite side forming hydrogen bond with Tyr-385. Compound SC-588 appears in

active site (cyano).
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10 CONCLUSOES GERAIS

O objetivo principal deste estudo foi a obtencdo de novas moléculas da
série indol-tiazolidinadidénica com atividade antiinflamatoria. Foram obtidos um
total de 27 novos compostos finais. Entre 0s compostos que tiveram a atividade
antiinflamatoria avaliada, merecem destaque o LYSO-7 e o PG-15.
Adicionalmente, os resultados da atividade antiinflamatoria nos permitem
sugerir modificacdes estruturais para uma otimizacdo onde o desenho de
Nnovos compostos some as caracteristicas quimicas relevantes que foram
levantadas sobre estes compostos.

O estudo farmacocinético do PG-15 revelou que este composto atinge o
pico de concentracdo plasmatica em aproximadamente 1 hora apés a
administracdo oral e sua presenca pode ser detectada no sitio da inflamacédo. A
absorcéo oral do PG-15 mostrou-se prejudicada quando a dose foi aumentada,
mostrando que o composto apresenta problemas de absorc¢éo, os quais podem
estar justificando a falta de relagcdo dose-efeito observada no estudo
farmacodinamico dos compostos desta série.

Embora a analise da seletividade para COX-2 nao tenha sido realizada
para todos os compostos, os resultados obtidos séo Uteis no direcionamento de
novos estudos. Como as moléculas testadas, exceto o PG-16 mostraram-se
ligeiramente inibidoras preferenciais ou seletivas da COX-1, tem-se um forte
indicio de que existe uma interacdo entre as moléculas da série com a COX e
que pequenas modificacbes estruturais podem conduzir a compostos mais

seletivos para COX-2.
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A inibicdo da atividade antiinflamatéria in vivo dos compostos foi maior
do que 50% para a maioria dos compostos testados, em doses baixas, fato que
nao reflete a inibicdo enzimatica de ambas as COX in vitro, onde as mesmas
moléculas ndo ultrapassaram 30% de inibicho em concentracbes bastante
elevadas. A conjuncdo destes dados sugere fortemente que, ainda que os
compostos estejam atingindo as enzimas COX, a resposta inflamatoria como
um todo seja um resultado de um somatorio desta inibicdo na via das
prostaglandinas somada a uma interferéncia em algum outro mecanismo
modulador da inflamacéao ainda nédo identificado.

O conjunto deste trabalho gerou cinco artigos cientificos, em fase de
submisséo, a saber:

¢ Novas 5-indol-tiazolidinadionas: Sintese e avaliacdo da atividade
antiinflamatéria

e Development and Validation of LC-UV Method for the Quantification of
the Anti-inflammatory Candidate PG-15 in Rat Plasma

¢ Development and validation of a LC/MS/MS method for analyzing PG-15
in rat plasma

¢ Preclinical Pharmacokinetic Pharmacodynamic Evaluation of PG-15: an
Anti-inflammatory Candidate

e Synthesis, receptor docking studies and anti-inflammatory activity of new

3,5-imadozilines and thiazolidines derivatives

Este trabalho nos abre inUmeras perspectivas no que tange a continuidade
deste estudo. Estudos farmacodinamicos e de docking das moléculas no
PPARYy visando o esclarecimento do mecanismo de acdo seriam de grande
contribuicdo para o estabelecimento da relacdo estrutura atividade com as

moléculas da série.
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Ainda, melhoria na solubilidade destes compostos, através da formacéo de
sais, pode, muito possivelmente, nos levar a parametros farmacocinéticos
diferentes daquele observado para o PG-15, uma vez que a absorcao oral pode
ter sido baixa e erratica devido a baixa solubilidade.

Assim, mais do que modificacbes moleculares, a melhoria das
caracteristicas fisico-quimicas dos compostos da série, principalmente a
solubilidade, mostra-se como o maior desafio no desenvolvimento destes
derivados.

Fica aqui a sugestdo de que o composto PG-15 € um excelente prototipo
para farmacos antiinflamatérios, cujos estudos farmacolégicos devem ser

prosseguidos e a otimizagao estrutural realizada.
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[13 d] AL-16

IV, KBr
1,2 -
|
1,0 / \ H)\N N
' 34<\ I
H [u] —
g 0.8 5 ;
‘o
=
= Principais bandas {cm™)
= +3278,19
L 1723 62
+1666 45
0,2 o +1599 87
+1511,85
+1283,59
0o T T T T T T T T T T T T +1343 34
4000 3500 3000 2500 2000 1500 1000 500 +1224 49
Freqguéncia (cm™)
Espectro de Massas, ESI negativo
[PITTA ref:AL-16 masse=352 ; T " 11-May-2006 T o o scans. |
I:I;JI‘;'AH%OG_H 1(2.018) Sm (SG, 1x0.10); Sb (1,10.00 ) oy Ll
|
{ |
i _
| |
| |
i |
|
| I |
| |
' |
: %! '|
| |
| |
' | ||352.2 |
l P
| k |
! |353.2 |
‘ 1722 2393 265.3 I
| " 3871
| 300.3 il |
| P i
Db v st P s b Jh, ol . ) ) | N B, I|J\- ; el mfz
O %0 140 460 | 180 ' 200 ' 220 240 | 260 ' 280 300 320 340 360 380



[13 €] LYSO-5
RMN *H, DMSOds

Flavia Uchoa

amostra HYS0-§
Splicitacao W, D0322_26
29.03.05 UFPE

Pulse Sequence: s2pul

Solvent: DMSO
Asbient temperat

ure
UNITYplug=300 "UFPEu300=

Pulse 45.0 degrees
Acg, time 3.744 sec
Width $000.0 Hz

128 repetitions
DBSERVE Hi, 299.9547309 WHZ
ING

12 11 10

1.25
-
- =
@
-
| il
oot
b v M Adar ”

-7.508

e 7.505

~7.443

—  7.ams

-7.359

A

e 7. 330

=
z
"

7. 283

-7 .265

7.181

ppm

ppm



[13 €] LYSO-5

IV, KBr
1,2
S
/N S
1,0 4 _ \ —
L
T
o 084 H \ /
G
22
ax
E‘ 0,6 -
u Principais bandas (crm);
E 044 +3259.38
+3057 40
172362
0,2 +1666.45
+1599 87
0,0 o +1380,96
T T T T T T T T T T T .1331'31
4000 3500 a000 2500 2000 1500 1000 500
Frequéncia (cm)
Espectro de Massas, ESI negativo
Intens.; Lyso-5.d: -MS, 0.1-0.3min #{8-24),
%109
'I_Clﬂé 3669
0.757
0_505
025, 239.0
g_ggf e — ].‘ %?‘5-'1. — IL:BE1 _ ‘{DI.%_B_ — —_— —
100 200 300 400 500 600 mfz
# miz | | %
1 2350 86507 a7
2 2400 14084 14
3 2551 11134 1.1
4 2651 15246 15
5 2791 12946 13
6 2812 B726 07
7 3na 21950 22
8 3251 46030 456
9 3261 7210 07
10 3391 48697 49
11 3401 7581 05
12 3669 995725 1000
13 3679 214043 215
14 3689 391720 393
15 3899 77959 748
16 3709 17756 18
17 4028 33655 34
18 4048 25608 26
19 4058 7021 07
20 4068 7664 08§



[13 f] LYSO-7
RMN *H, DMSOds

wira LY50-7

Solicitaceo N. DOB28_7

4B.U9.05 UFPE

Pulse Sequence: szpul 1 !

Solvent: DMSO i i

anbient temperature i |

UNITYplug=300 “UFPEuW30O" |
|

Pulse 45.0 degrees \ ||

cq. time 3.744 gec
Width 5000.0 Kz

48 repetitions

OBSERVE H1, 299.9547917 MHz H
DATA PROCESSING |
FT size 65536 |
Total time 3 min, 0 sec

| — !
~
y oh : i
H |
’ /!
H J | !:
J " }I_. " \__JJ ek F
- S—— —— ; r e — S —
13 iz 11 0 | i S e | 3 2 e-- 1 - - -ppm
I?:Zl‘ L-!_ﬂ_.lli
3 B
4
‘;'\ -
[]
¥
™ ol
X, > 15 s
0" g
: 83 1
] ae |
-'I -l
] = E)
1 E = L
il | 0y =E J I
| i -~ H
i g W I
| i

I\
N W

4.90 4.80 ppm

i

12.50 12.35 ppm

e e

8.6 .. -8.4 8.2 8.0 7.8 7.8 ISETH iR s 7.0 . ppm



[13 f] LYSO-7

IV, KBr
1,2 4
1,0 3‘(
_ g ll'/
o 0.8 | , l b
o /
s ] : L
£ . Principais bandas {crme!)
= +3389 90
= A +3119,08
3 +2933 65
0,2 - 173077
167134
1607 02
09 +1455 06
— T T +1419 32
4000 3500 3000 2500 2000 1500 1000 s00 «1276 44
Frequéncia (crm) +1336,20
«1148 51
Espectro de Massas, ESI negativo
PITTA ref:.LYSO-7 masse=446 ; ) 11-May-2006 |
PITTA110506_21 1 (2.018) Sm (SG, 1x0.10); Sb (1,10.00 ) 4575 Sca;:f;‘;-ﬂ
100;.
|
!
4450
%
449.0
£
3171
Masoo  sas0
oo 196.1 241|).2 265.3 | ) mo.sﬂ 550
D“““m"?““” e I.’.b..‘l I FYVOTRN XYY THOP ¥ NI, WO N .‘lf » A T N,

rrerry ¥ e PR Trd - e T
220 | 240 260 280 300 320 340 360 380 400 420 440 460 480 500

| 120 140 160 180 20



[13 g] LYSO-8
RMN *H, DMSOds

Flavia Uchoa

Amostra LYSO-88
Solicitacan N. E01l0_8
£3.02.06 UFPE

Pulse Sequence: sZpul

Solvent: DRSO
Aslient temperature i |
UNITYplus=300 “UFPEu30O" |

Fulse 45.0 degroes
Acq. Lime 3.744 sec \

ons AN i
ORSERVE Wi, 299.95478%3 Wz N 0 o
DATA PROCESSING

FT size ES536 Ci
Total tima 32 min, 2 sec

EU—— — ; B
9 & 7 B 5 a 3 2 1 0 ppm
Ilj.'sll .I;l.‘?? T Illl,.'.'.i 15:32 8.53
N Jq2 27 .41 .15 7.87
3 / GaREl
o e wwf; ™
i i ;51!

i -
( ‘l 2 ;
3 ] E ! g8
= ‘ | i i "
i ! | !
i ' |
T = = =TTk T T X T
5.0 a.5 4.0 3.5 3.0 2




[13 g] LYSO-8

~.7.453

. 7.451
. 7.430

7.381
s
-

7.351

—.7.526

=g =1 il ki 1 ] 1 i
7.6 7.4 7.2 Cppm
Scan ES-
367.1 5.57e7|
369.2
361.2 4411
370.2 397.2
337.2 443.2
381.3 403.0
1 4251
funy b b, 1L i YT P 1) mf

o b0 4z0 440 460

- &
Ze i
T | Y
| | 1
i i
l i
9.0 8.8 8.6 8.4 T A L
Espectro de Massas, ESI negativo
PITTA ref:LYSO-8 masse=410 ; 12-May-2006
PITTA120506_3 1(2.018) Sm (SG, 1x0.10); Sb (1 ,10.00)
1
265.3
U
309.3
143.2 2034
113.0 255.4
157.2
266.3
171.2
| "2 1731 1980 2273 gea4 2833
| I I 187.2 2111 St
| &7 .
AL | I : L I o
0 L.M.M.umA.I.!mhlﬂ-.u_.....u.......ilL.. gt b i
120 140 160 180 200 220 240 260 280



[13 h] CR-26
RMN *H, DMSOds

rlavia Uchoa - e

Amostra ot CR. ZS

Solicitacac M. DOSL8_13

06.09.05 UFPE

Pulse Sequence: sZpul F. \_,‘@-"
W

Solvent: DMS0

Ambient temperature
File: DOBIE_13.1h
UNITYplus=-300 “UFPEu300™

Pulse 45.0 degrees ili
cqg. time 3.744 szec N I
Width 5000.0 Hz

32 repetitions :

OBSERVE  H1, 289.9547808 WHZ '

DATA PROCESSING !

FT size 65536

Total time 2 min, 0 sec

T T T T T T T : : T T
12 10 & 1] 4 H ]
1.66 15 3.0z = T TR

= 56
7.551

-7.572

- 7.829

"7.544
- 7.508

e T

.18z
—7.178

———— ]

!

Jf".
-
sy e

8.1 8.0 7.9 7.8 7.7 7.6-- 7.5 ...-.7.4 7.3 7.2 Vil <=t



[13 h] CR-26

IV, KBr
10 4
08
] 7N e
.g y \‘ N
06 T
E itz Principais bandas {cm-:
= +3264,27
+3054,76
2 4 +1721,36
+1664,19
- +1599,87
= +1383,89
T T T T T T T T T T T T T T +1328.05
4000 3Fa00 3000 2500 2000 13500 1000 500
Frequéncia {crm")
Espectro de Massas, ESI negativo
‘ref:CR_EG; masse=428;page 2 29-May-2006 - T
PITTA_200506_6 1 (2.018) Sm (SG, 1x0.10); Sb (1,10.00) Scan ES-
| 413.0 1.42e8
1004 411.0 [
i
1281 ‘
%‘1
449.0
‘ 2393 47,0 .
| | |
| l414.1
BE61.0
451.0 |
415.1 asg.{kgij |
R - g v - - - miz |

350 400 450 500 550 600 650 700 750 800 850



[13 i] CR-27
RMN *H, DMSOds

AF -
Flavia

Amostra CRF=2
Solicitacao M. DOBZI_8
06.09.05 UFPEL

Pulse Sequence: sZpul

Soivent: DMSO "
Ambient temaperature W o

UNITYplus=300 “UFPEu300™ L

Pulse 45.0 degrees
Acg. time 3.744 sec
Wigth S000.0 Hz

32 repetitions

OBSERVE H1, 299.9547923 MHZ
DATA PROCESSING

FT size 65536

Total time 2 min, 0 sec

.'/
/ = _ I
|
g
\_ " re &
| MR 2 T A | R N L T v T T B R R R e T v T
13 12 11 10 3 8 7 - s 5 4 3 2 1 ppm
i e i
" £ “
g t 5
T 1 5 g
i b 3 I z I
R 5 i &~ =
LY ) :7
] A
8
H % fi
1 | 5 it
i | I il
| : i
!' I | 1 ERR "]‘.
I i 1 J .
C1z.45 12.25 ppm |' | ’ | '4.88 4.78 ppm
it ‘. |
i f .
i i| I il,||l i
| | "
il i timy
inl | a
‘,Jl.f 1 ..’ll ] ||I .I

i,

L B S S B e T

2Bk B 8.4 8.2 8.0 7.8 7.6 7.4 7.2 -- 7.0 - ppm



[13 i] CR-27

IV, KBr
1.2 4
& By ol
10 AR Hh)\n
m 084 M \\:r ——
G H
= 1
= A8n Principais bandas (crr')
2 ] sl
£ e -3121.72
£ 203 A
73077
024 167359
] <1609 BS
0,0 - 1452 42
T T T T T T T .1419‘32
4000 3500 3000 2500 2000 1500 1000 500 <1376 44
J_— CEEL I e
Frequéncia (crm) 1150 76
Espectro de Massas, ESI negativo
Intens CR-27.d: -MS, 0.2-0.3min #(12-20)
x1057
57
E 4908
4
27
2
1
] 3391
100 200 300 400 500 600 miz
# miz | | %
1 2551 5588 1.3
2 2651 5668 14
3 2791 6418 15
4 2832 6092 1.5
5 3091 3346 048
6 3111 13148 32
7 31649 12011 29
8 3189 10803 26
9 3251 17030 4.1
10 3261 7982 19
11 3391 26172 6.3
12 3401 4874 12
13 48886 188282 452
14 4898 35393 85
15 4908 416726 1000
16 4917 Q02Ts 217
17 4927 205335 493
18 4937 43695 105
19 4947 18105 43

20 5538 3543 09



[13 j] GQ-50
RMN *H, DMSOds

Flavia
Amostra GO-S0
Solicitacao N. E0201_5 i
07.02.08 UFPE |
/ \ == N"\ |
Pulse Sequence: s2pul
Solvent: DNSD — ‘ / i
fabient temperaturs \“{\ i
UKITYplus=300 "UFPEu300" |
(o] F
Pulse 45.0 degrees
Acg. time 3.?4‘?4 sec H /<
Width 5999.7 Iz E
B0 repetitions F
OBSERVE  H1, 299.9547892 WHz
DATA PROCESSING
FT size 65536
Total time 5 min, 0 sec I
!
il
i
' g i
¥ 1l
| i
i |
A ]
/ [ i
| |
wu b " | |
o s slla B H
!
- e Wy sitshaspeepmsnd
L e T T T - Ty L B e e m e i Sttt B e ey e et SRR R e Bl B T i
14 13 12 11 10 9 & 7 [ 5 a 3 2 1 - ppm
C NS - smpea] -
5.02 29.64  17.62
9.45  20.07 18.18
g
= ~ ":I
: : " -~
= -~ u
: |
= o=
-1 5 gn~3
E A~ )‘ -~ =
= = -
~ a =2

it

~ N

T T T — T T T T B G e e e e |

8.4 8:8 8.2 8.1 8.0 7.3 7.8 7.7 7.6 7.5 7.4 7.3 7.2 Zrl ppm



[13 j] GQ-50

IV, KBr
1,00 -
0as — ﬂ
0,90 M —¢ | 5_{&
@ ) & 0 F
£ : X
& 088 e
= ] -
o ogs0 Principais bandas {cm)
o p +3316 56
T azs 172362
i «1657 04
0,70 4 '1592,?2
i «1331,31
0,55 - +1165,06
T T 1 T y T T T T T T T T T +1148.13
4000 3500 3000 2500 2000 1500 1000 500 .1117-29
Frequéncia (crm )
Espectro de Massas, ESI negativo
PITTA ref:GQ-50 masse=402 ; o 11-May-2006 -
PITTA110506_36 1 (0.880) Sm (SG, 1x0.10); Sb (1,10.00 ) Scan ES-
1 401.1 2.99e8
172.2
Yo
171.2)
402.2 437.1
=i 173'2 E439.1 ‘
403.2
, 1742 2653 " '
b | | e
O-hpreedhersereediia e b bttt  S— - . e  miz

400 420 440 460 480 500 |

120 140 160 180 200 220 240 260 280 300 320 340 360 380



[13 k] GQ-51
RMN *H, DMSOds

Flavia In:hrm

Amostra GO-

Soilcitacan N, E0Z08_L0

11.02.06 UFPE _/\
Pulse Sequence: s2pul

Solvent: DHSO

Ambient temperature

UKITYplus-300 “UFPEuI00”

Pulsu 45 .0 degrees

time 3.741 sec
Uidin 308006 e /’\\

2480 repetitions F E
OBSERVE  H1, 299.9547306 WHz

DATA PROCESSING

FT size B5536

Total time 32 min, 2 sec

J Il /

T T T T T 1 I | T
10 g & 7 [ 5
—_ P e e
5.99 4.88.18  25.0%
7.733.58.24 16.67
EH
i e
=g 2
-

7.757

7.728

7.955

7.528

7.49q

7.4865




[13 k] GQ-51
IV, KBr

BEr ]

- |
<3 Q,
1 N [u] /

H

10 2%

= B
(]
= Dlg_ . . .
i ] Principais bandas {cm)
= +342112
= &R 1730 67
~ ] «1B7397
iy 1607 39
i +1455.06
i ~1419 32
1 +1379.08
0.5 1326 42
E T X T ¥ T L T ¥ T L T X T .1155|28
4000 3500 3000 2500 2000 1500 1000 500 .111?29

Frequéncia {cm™)



[13 1] 137
RMN *H, DMSOds

Flavia //J\.-"l’-‘-'\ 13)

Amostra LEF3B Y ‘)DLN

S T .

Pulse Sequenca: sZpul R ll .}: !

Solvent: DHSD =

Aabient temperature N h
f

3

UNITYplus-300 “UFPEu300"

Pulse 45.0 degrees /\\
Acg. time 3.744 sec =
widih 5333.7 Mz H;C"\j F
64 rapstitions

m'u%""““" WHz

Total time 4 min, 0 sec

. / H
st _-"I. -~ I
4 I i ) |. t
Ll A [/ :
i AN
. . o ; W — B TR VO »
13 2 1 10 5 AT DT SRR SR’ 3 2 1 pom
ERTRTN TN g Pt
5.5510.84 12.36
l .
‘' o, i
i e |
: i
/ th,i:
3 EHN
i
|
| " i
|| 8 & !
vl ¥ I
N !
s &
- |
/o : ;
1_ [ | & /|
| \ J\/ |
L " J\ {
M—M
T T -
5.0 4.5 4.0 3.5 3:5 2'5

ppm



» Ji
= © s
| A = |
W w i
] " T8 o
" s A L33
23 | 5 s ks i
a8 | g2 Ll —
LI i = b r)
L)
|
+ i
\
1 F oy it T
I | [ L] .I 1 ' l
| | 1 Vv i
/ @, [ |
Sy ')

Tan Sl pofy \ _ / .1
bitpstiatlt  Mmatgor B gesgahode’ ‘\ﬂ-i*--‘m»-aw-:r-'/ — "“f”" . Jl‘fs.mmw s
’ g AR

o = S . e S,
8.3 8.2 &. l 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 ppm

[13 1] GQ-137
v,
KBr

1,05
1,00 4 i Eﬁ
0,35 /U/;
[ 1
2 0904
et . Pr|nC|pa|s bandas (cm )
g 035 +173565
= 1 «171196
= 0,804 +1680,74
1 «137370
075 o +13229,05
1 «1217 .34
0,70 +1115,03
1 «760,71
0,55 ol T L T T T ¥ T T T ¥ T x T '546,67
4000 3500 3000 2500 2000 1500 1000 500

Freqguéncia (cm™)



[13 ] GQ-137

Espectro de Massas, ESI negativo

Intens ] LEF-3B.d: -MS, 0.0-03min #{2-12)
*107
253 4010
207
1.5
1.0
0'55 2832
1 .., oo c . L U N—
100 200 300 400 500 00 miz
# miz | 1%
1 2531 4481 20
2 2551 11280 5.1
3 2791 4524 20
4 2812  BBd42 2§
5 2832 12745 &7
6 3111 4089 18
7 3251 7070 32
8 3391 10675 44
9 3673 2941 13
10 4010 222525 1000
11 4019 48544 218
12 4030 15278 69
13 4039 2764 12
14 5714 3932 18
15 E813 5370 24
16 5993 5567 25
17 6004 2779 12
18 6094 5763 26
19 6104 3781 1.7

=)
(=]

6263 3446 15



[13 m] GQ-79
RMN *H, DMSOds

o/ )

Flavia »
Amostra LEF-4 -
Solicitacas N. DLCOE_11

26.12.05 UFPE

Pulse Sequence: s2pul

Solvent: DNS0
anbient temperature
UNITYplus-300 “UFPEu30O" H

Pulse 45.0 degrees

facg. time 3.744 sec

Width 5000.0 Hz

120 rapetitions

OBSERVE H1, 259.9547834 MHz
DATA PRDCESSING

FT size 65536

Total time 7 min, 30 sec

——— T ——— T — ——— - —- s
13 12 11 10 9 8 6 5 4 d ppm
- PE— P N
5.88 §.51 a30.04 35.56
2.23 10.45 10.32
. g
- 5 ":o-,
2 “:]( a {
1 i [
_JL ‘_'—/JUL.J M_J e
— — T — . — — T . P —
T3 7.6 7.5 .4 7.3 7.2 ppm



[13 m] GQ-79

IV, KBr
o
140 - |
1|05_- / \ "“‘-m./kN
_ - Ej/\s_/ N
1,00 : \\o L CHg
1 H
@ 085 Heo CHg
o 4 % 3 8
‘5 | Principais bandas (cm)
= ] *3207 37
g ] +3242,46
E z +2957 35
| 172851
T 166645
+1597 61
T 138133
+132679
i +1143.63
T L T % T T X T x T X T
4000 3500 3000 2500 2000 1500 1000 500 .?41-90
o -604.24
Frequéncia {crm')
Espectro de Massas, ESI negativo
[PITTA ref: GQ-79 m=390 mode negatif; 17-May-2006 S il
PITTA_170506_2 1 (2.018) Sm (SG, 1x0.10); Sb (1,10.00) Scan ES-
100+ 389.2 1.53e8
|
|
i
[
172.1
%.
425.1
1712 390.2
| 4271
| 140.1 1732 3912 ;
138.2. |
100.9 b 145.1 E”-" 4011 428.1 |
0t vh il bbbttt bt \ PN N : oo Mz
| 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540




[13 n] GQ-81
RMN *H, DMSOds

Flavia Uchon
fpostra GO-81
Salicitacas W "E0208_1
09.02.06 UFPE

Fulse Sequence: sZpul
Solvent: DHSO

Ambient teaperature
UNITYplus=300 “UFPEu300™

Fulse 45.0 degrees
q. time 3.744 sec
Width 5000.0 Hz
96 repetitions
OB3ERVE HL, 299.9547880 WHz
DATA PROCESSING
FT size 65536
Total tine 32 min, 2 sec

/ //// /

—_——————————————————— . = - e ; -
9 8 7 (i3 5 4 4 1 ppm
5‘_.'?; ' IIJ"‘.“E;ST?JE I;-:“

11.98 7.75 a.z27 11.6%
n.E s = e
2x el a
8 g .
o/ 2
i 7
b o
b1 2
hi = 2 g = .
1 1 i §s @ ¥ ~ X5
= g ~ L
|
: sy T —— T P N | T
8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 ) 7.2 ppm



[13 n] GQ-81

IV, KBr
1,05 = ¢l
1,00 4 L_U
/L
L
224
a5
E 035 o Principais bandas (¢’
@ +3356,80
= +3257 13
080 4 *3095 37
+2285 93
+1728 51
+1669,08
HiBE +159536
+1569,03
T L T % T x T T x T T
4000 3500 3000 2500 2000 1500 1000 500 .1264-73
g # +765 60
Frequéncia {crm)
Espectro de Massas, ESI negativo
Intens.J GO 81.d: -MS, 0.0-0.4min #{4-47)
x10%
'I_EE 4009
1.0
0.5
] 23902687 310
0 E— __ Pp0mer awg | ) | |
100 200 300 400 500 600 miz
# miz | 1%
1 2330 97724 65
2 2400 12223 08
3 2667 27236 18
4 2687 LTTE1 38
5 2707 29992 20
6 27127 9912 07
7 3109 29494 20
8 3129 21063 14
9 3267 11530 08
10 3287 10694 o7
11 4009 1508505 1000
12 4019 342967 27
13 40286 1072501 711
14 4038 214984 143
15 4048 220873 146
16 4058 41490 28
17 406.8 8783 06
18 4367 15033 10
19 4388 15445 10
20 4588 G546 06



[13 0] GQ-82
RMN *H, DMSOds

* Flavia Uchoa
Amostra G0-82
Solicitacac N> E0208_8
08.02.06 UFPE

Pulse Sequence: s2pul
Solvent: D30

Ambient temperature
UNITYplus=300 “UFPEu30nO"

cl
Pulse 45.0 degrees
Acy. time 3.744 sec
Width S000.0 Hz
160 repetitions
OBSERVE H1, 299.9547884 WMz
DATA PROCESSING
FT size 65536
Total time 32 min, 2 sec
|
i
it
i
]
|
i
1
I
i
f |1
I i
] i
| 1
it !'
i il
: Il
| H /
/ /// 1 g
’ j '
I It
f I | J
: J LY h e
—r 3 T 3 e e e g e e
9 8 7 3 5 3 2 1 ppm
" " -t g
6.88 4.52 7. 16.69
1a.89 7.51 30.73 10.9%
,,,E — o
g2 Ta® z
o8 g .
2 2
= 2
g b
= &
s o & s 5 £ g
¢ n : a
1 : gy = K g2 5N E
8 m o ~ H 5
— ’ ————— T ————
T T " ' ! : y 7.8 7.7 7.6 7.5 7. 7.9 7.2 ppm



[13 0] GQ-82

IV, KBr
1,05 ||
1,00 H
- 2 \\
0,95
@ cl
% Principais bandas {crm!
‘E 040 +3359 .06
i +3007 64
® +2983 30
o o0as 172588
<167848
+1602 50
S +1561,88
137644
. <1267 37
' L T ¥ T % T T T X T T T % T
4000 3500 3000 2500 2000 1500 1000 500 .1153-02
o +737.86
Frequéncia (crm™)
Espectro de Massas, ESI negativo
Intens. GQ-82.d -MS, 0.0-0.3min #{2-20)
x1053
o]
3 4808
4
%
AL P ——
100 200 300 400 500 600 miz

2552 6226 15
265.1 5452 1.3
268.7 662 16
§ 7171 17
2832 4834 1.2
31141 15681 37
3169 25156 6.0
3189 22620 54
3252 21882 5.1

LD 00 =] O 0 b 0 D |
]
=l
w

10 3261 B371 15
11 3381 28958 6.9
12 4788 233181 5586
13 4799 58369 132
14 4808 419506 1000
15 4818 98762 235
16 4827 227017 541
17 4837 44801 10.7
18 4847 36686 87
19 4857 7762 19

=)
(=]

5044 4576 11



[13 p] GQ-83
RMN *H, DMSOds

ic
? 10.05
Pulse Seguence: sZpul
Solvent:

Ambient temperature
LIIlI\‘Yp'I!II 300 “UFPEW300"

P\nu 45.0 degrees
time 3. ?ld sec
Uid:n £000.0 HZ
128 repetitions
OBSERVE Wi, 239. 8547300 WHZ
DATA P‘lDCESSI
FT size 6553
Total time 31 min, 17 sec

o S SAA

ot gt At
2.97 3.72 13.33
4.28 7.44

32.42

7.353

4 1 ppm
o e
a.11

11.88

7.250
T.244
r.102




[13 p] GQ-83
IV, KBr

0g f
% 0B | : 21(\ \fb
E el Pr|n(:|pa|s bandas {cm)
02 | *3244
#1729
1 ' ' ' ' ' ' ' -1668
4000 3/0O0 3000 2500 2000 1500 1000 500 1506
Frequencia (cm-1) 1133
Espectro de Massas, ESI negativo
PITTA ref:GQ-83 masse=386 ; 10-May-2006 .
PITTA100506_1 1(2.018) Sm (SG, 1x0.10); Sb (1,10.00) ysoz o
100
‘ \ 385.1
%—_ ‘
'| |
|| |asr.1
| rd
| 240.3 ll
E ‘ 115.1 143.2 | i
f| |
' | 1572 46722 2 | 2553 | Vst
; ‘l 129.1 1 1 -AT22 2111' I | it
‘ 0'1:"',~.-'-+sf L...»*r".'."5-4‘::-a#!*e‘s‘.fwélrgl."c‘t’r“.f"'."—-" POVPPPUU ' Y Y S ]||[' WL -'l“. T Aaa ' . rrrprerrth miz
"o 1a0 180 180 200 220 240 260 280 300 320 340 360 380 400 420



[13 q] GQ-84
RMN *H, DMSOds

Flavia Uchoa

Amostra GOF-4(GO-24)
Selicitaco N. 01027_52
27.12.05 UFPE

Pulge Sequence: s2pul
Solvent: NSO H
Ambient temperature |
File: D1027_52.ih

UNIT¥plus=300  “UFPEuIDO" " i

Pulse 45.0 degraes
Acg. time 3.744 séc
Width 5000.0 Hz
144 repetitions o
QBSERVE H1, 299.3547301 MMz
SSING

65536
Total time 18 min, 46 sec

|
-~ A 1
..Ju JL h \.J\__. i
13 12 11 - 10 3 8 7 5 5 4 3 2 1 -0 ppm
9.30 55.25
17.70 17.14

7.835

T.227
7.151
7.142
7.133
7.129

7.154
o

I X 111
———yh7
7.907
T —1.505
7501
— 7047
—_—7.000
7.423
—_— .17
7.400
b  —— "
7872
7.289
7.285
7.266
7.262
7.240
7.234
= 7.232




[13 q] GQ-84

IV, KBr
o =] = I
I R
= ' L ] o] B
= H
€ [ Principais bandas (crm)
Tl *3394
2041 »1721
Sl +1655
ol +1590
i ; T T T T T : ! +1515
4000 3500 3000 2500 2000 1500 1000 500 i +1419
Frequencia {tm-1) +1376
#1133
744
Espectro de Massas, ESI negativo
Pitta GQ84; masse=352; o = 05-May-2006
PITTAO50506_4 1 (2.018) Sm (SG, 1x0.10); Sb (1,10.00 ) Scan ES-
10D 1722 1.43e9|
1
! | 351.1
1 |
%.
||
| .
4732 |352.2
" 185.1
”?‘1 165.2 | 1742 | 2001 | 350.2
1 A J] I » |||
-ty I, 1, : T N Al : A . ok e Mz

g T T T T T Y ALl T T
140 160 180 200 I 220 240 ZéD I 280 300 320 340 360 380



[13 1] GQ-85

RMN *H, DMSOds

Flavia Uchoa
Amostra GO-85
Solicitacao E0208_7
14.02.06 UFPE

Pulse Sequence: sZpul
Solvent: DHSO

Ambient tesperaturs
UNITYplus=300 “UFPEu3eO"

Pulse 45.0 degrees
Acg. time 3.744 sec
Width 5000.0 Hz

126 repetitions
OBSERVE
DATA PROCESSII

FT size 65536

Total time 32 min, 2 sec

H1, 299.9547881 MHz
NG

‘ R

i

" "
o
T T G B | T T T T ¥
9 & 7 6 5 4
—— bt At
5.30 5.406 .65 6.49 13.34
.933.22 10.6812.04

B

— 9. 076

8.218

——t.1s

[ o e —
9.6 9.4

HRALALRE R RS Ra sty o o S -

9.2 9.0 8.8

8.6

MAALRARAS Rase i s st

8.4 8.2

-7 . 966

DAL RS m e s o 2

8.0

e

7.8

7.6

— 7,458
— 727

——— 7152
7,126

i
|
|

f

T O P e e

7.2 7.0

ppm



[13 1] GQ-85
IV, KBr

@;@F

Frequencia {cm-1)

208
[X]
5
= 0g Principais bandas (cm™)
£ o4t +3354
5 04
= 1729
02t +1668
+1605
] T T T T T T T \ +1378
4000 3500 3000 2500 2000 1500 1000 500 o <1154

Espectro de Massas, ESI negativo

Intans GQ-85.d: -MS, 0.4-0.9min #(30-70),
x105
i 4308
44
2_
. :33?'2
400 200 30 400 "800 0 600 miz
# miz | | %
1 25:2 5746 1.0
2 2651 6230 1.1
3 2791 4477 08
4 2832 4212 07
5 311 B6T8 15
B 3169 3991 07
7 3251 17733 3.0
8 3392 21141 36
9 3401 4748 08
10 4289 520878 &79
11 4299 118563 200
12 4308 592510 1000
13 4318 130766 221
14 4328 383N 6.0
15 4338 4886 0.8
16 4647 5698 1.0
17 466.7 5478 0.9
18 4687 3744 06
19 4937 6442 1.1

20 b447 4308 07




[13 s] GQ-134
RMN *H, DMSOds

Leila ; 1
Amostra GD-134 ) » |
Solicitacas M. D1201_18 Sk |
20.03.08 UFPE -~
>¥
wC g

Pulse Sequence: sZpul
Solvent: DM:

50
aabiant temperature 4\" ‘.]
UNITYplus=-300 “UFPEu300" ‘l 1
K P o

Pulse 45.0 degrees
3‘!24 sec

Width 0 Hz
B0 repetitions
OBSERY H1, 239.9547843 HHz
DATA PIlBCESng

L]
Total time 5 min, 0 sec

/
/NJM
~ v

e e
13 12 11 10 9 8 7 [ 5 a 3 2 1 ppm
.82 TR TR Tel1e
8.21 a.03 372.11
& =
“: k-
“_ -
=4
s =
5
= J ;
]
o
s
332
o
8§ Nk
r":.-.'
ARt sdend Lot woi i T ——
1z.4 12.2 ppm |i 5.05 4.85 ppm

T T — T T T T T T T T T

8.4 8.2 8.0 28 7.6 7.4 72 7.0 6.8 ppm

T LI o e |



[13 5] GQ-134
IV, KBr

Principais bandas (crm)

Transmitiancia

+3385
171247
+1663

! ' ) ~1587
4000 3000 2000 1000 1] «1373

Frequéncia (¢m-1) «1131
«739




[13 t] PS-34
RMN H, DMSOdg

Flavia

Amostra PS-34 g
Solicitacac N. DOS0Z_34
06.95.05 UFPE

Pulse Sequence: sZpul
Solvent: DHSO

Ambient temperature

File: DOS02_34.1h
UNITYplus=300 "UFPEu300™

Pulse 45.0 degrees

Acq. time 3.744 gec

width 5000.0 Hz *

48 repetitions

QBSERVE  H1, 299,35478%1 MMz
S51NG

FT size 65538 -
Total time 3 min, 0 sec

T 7 —r —- - ey ! ;
13 12 11 10 9 a8 7 3 5 4
3 -
6.4314.78 17.71
13.76 32. 15.25




[13 t] PS-34

IV, KBr
1,2
\ I [
1.0 4 = J
. § JW’@
g pe
@ H
FER
o Principais bandas (cm-'):
g 338276
= UEo 305965
= 2933 65
173077
0,4+ 169992
1661,90
159536
0.2 1400,52
: : ; : | . ; 122938
4000 3500 2000 2500 2000 1500 1000 500
Frequéncia (crm')
Espectro de Massas, ESI negativo
TTA ref:PS-34 masse=362 ; 12-May-2006
JTTA120506_1 1(2.018) Sm (SG, 1x0.10); Sb (1,10.00) Scan ES- 1
100 1711 1.93¢8|
|
' I
. l
| | |
| |
9 140.2 | .
‘ ‘ I1?2.2
|
{! f 361.2 ‘
_i I ‘ |
| |
188 ! 1732 rl
' 1412 Il (3622 307.1
119.2 ']l 1452 "B|1741 g5 r [ as0.1
b . |'ifj"' un' ,[ i | . . ) It 1IJT
gLw‘f«;—;y‘:»a.?:mfm.._,-«fn.-w;‘tm_-'e.%v‘vg‘.'w\.«'-'rm gt sy oy mARARAY RaAL) s e o prrerer e ek miz
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420



[13 u] PS-38
RMN *H, DMSOds

fa o

tra PS-18 By ¢
Ticitacan N, D0916_3

17.10.05  UFPE

Pulse Sequence: s2pul / \‘ = M i () |£
Solvent: DHSO :
Ambient temperature 'l |3 et
UNIT¥plus=300  =UF PEugpge '\\' |

Pulse 45.0 degrees
Acy. time 3,714 sec
8 nz

=

OBSERVE M1, 299.9547875 Mz |
OATA PROCESSING i
Line broadesing 1.0 Hz |
FT size 65535

Total time 5 min, 0 sec

\;'.

il w, x
i et A i

13 -12 - 11

m
9
.
ra
!

q & il SRS - ppm-
1.7z 1683
6839

5.318

12,400

L

B T L WAL




[13 u] PS-38

IV, KBr
1,05 5
1,00 ||
0as /YQ
| \ &
od
P 0,90 4
= Pr|nC|pa|5 bandas {crm!
E +3261,69
& %1 +2975 53
© 172625
= ogo +1692,13
1 «1666,32
075 - +1588,21
| +1452 80
0,70 - #1381 .33
¥ T 5 T L T J T T T ¥ T X T .1305I35
4000 3500 3000 2500 2000 1500 1000 500 .1224-49
: +1148 51
Freguéncia (crm) 684 73
+532239
Espectro de Massas, ESI negativo
Intens. 3 PS-36.d: -MS, 0.2-0.7min #{12-42)
%1053
253 4409
207
153
'I.ﬂg
059
OOE 2563 3393 |
= "0 20 300 400 8O &0 miz

miz 1 1%
2532 22135 10
2553 53803 2.3
2813 2T4ABT 12
2833 28350 12
32 39629 7
3253 4668T 20
3261 20460 09
3393 51085 22
3401 24129 10
10 4392 1842477 792
11 4399 408406 175
12 4409 2327473 1000
13 4418 517854 222
14 4429 160234 69
15 4439 24260 10
16 5020 27936 12
17 5039 27305 12
18 5529 24023 10
19 5716 22752 1.0
20 5938 21552 09

D00 =] O O e L P = 3



[13 v] PS-36
RMN *H, DMSOds

-

Flavia

Amostra P5-36
Solicitacac N. DOSZ_35
96.05.05 UFPE

= : o
Pulse Sequence: sZpul
Solvent: DHSD —
Anbient temperature 0
UNITYplus=300 “UFPEu30D™ i \

Pulse 45,0 degrees
time 3.744 sec \\ o
Hz

48 repetitions
OBSERVE M1,

299.9547300 MHz
DATA PROCESSING

Total time 3 min, 0 sec

.‘;
,_' i
} '!l I:I
' M ,./ M’ N
12 10 & 6 4 2 ] < ppm
9.%3 l‘.J’(v_ L¥3
La X i 15 9y
. =
.: a
] ) w
EEE W e I
w5, ¢
il a8 |
|]| L]
Hi e
i | (
i ]
111
il
il
!
i
z i
w
J
!
8.5 a.0 .
7.3 7.0 6.5 6.0 5.5 ppm



[13 v] PS-36

IV, KBr
1,2 4 0
— /L =
Qjﬁij/}/@)
1,0 4 /. ll \"\\0 o'|I
o ]
L ‘I
_;E R Principais bandas {cm-):
E 336395
& 292876
S 06 173000
170218
1664 19
0,4+ 1597 61
140052
123389
0,2 ; ; : , : : : 115565
4000 3500 3000 2500 2000 1500 1000 500
Freguéncia (cm™)
Espectro de Massas, ESI negativo
Pitta PS36; masse=380; 05-May-2006
PITTA0S0506_9 1 (2.018) Sm (SG, 1x0.10); Sb (1,10.00) Scan ES-
100+ 379.2 1.18e8
|
‘_ 195.1
|
172.2
;3530.1
171.2
| — [ 415.1
]!”,1'0 1181 173.2 (" !3-81'1 7
| (1403 l - 26}53 29?.0 | l( ’
0w‘f.'."vfx"-'\»w-";’?w'.ﬁl-'h‘r.--r‘f‘?#««w'fv‘-‘..'E’r’\"ww»rJ!"*,'.' iy ‘ll S——— J.'I'.! oy a m— ! Myerr v i,|'.' it Tl:‘_. reer MiZ
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440




[13 w] PS-39
RMN *H, DMSOds

Flavia Br i
fAmostra Ps-39 |
Solicitacan N. Dos16_a
17.10.05  uFpg

e
Pulse Sequence: $2pul
Solvent: pusp ||
Ambient temperature
UNITYplus=300  ~UFPEuzog"

Pulse 45.0 degrees

Acy. Lime 3,744 sec

Width 5000.0 Mz

48 repetitions

BSERVE W1, 299.9547883 myz -
SSING

36
Total time 3 min, 0 sec

AN i
[OE— (i e J
..... 12 . _ 6 - '__—__ -l oo
EAS 20,53

\L{ iy [ R
%
B8 U A ]
:-—v""n ‘()\‘_;qh g
P e E
3 |

. SR ] -

04

A
o
1)/
A
A |
LDr Ay

5.315

R SE T pbm

$.132

- -2 - -ppm - -



[13 w] PS-39

IV, KBr
1,3 4 Br 0
/PPN “
1,2 4
' - M
] - T\J N
! N
g 1,0 4 H
_‘E - Principais bandas {cm™)
E R +3318.81
= e +2933 65
= ] +1728,51
0,7 - 1676,23
+1592,72
0,6 +1409,92
+1376,44
0,5 - +1307 61
T T T T T T T '1226,74
4000 3500 3000 2500 2000 1500 1000 500 «1157 91
Frequéncia (crm) 530,51
Espectro de Massas, ESI negativo
Intens. | PS39.d: -MS, 0.0-0.2min #{1-14)
x1084
1.0 458.8
0.8
05
0.4
02 2652 00 3392
ool ol w2 ) eme |
100 200 300 400 500 600 miz
# miz | | %
1 2412 27531 30
2 2532 34698 33
3 2552 175624 192
4 2652 34841 38
5 26902 38146 42
6 2792 34788 34
7 2812 54016 59
8 2832 97293 107
9 3111 108784 119
10 3251 163031 1749
11 3262 28351 31
12 3392 187983 206
13 3401 44477 49
14 4448 39000 43
15 4468 57170 63
16 4569 850357  93.1
17 4579 189945 208
18 4588 913022 1000
19 4598 196262 215
20 4608 55143 60



[13 x] PG-15
RMN *H, DMSOds

Flavia -
2“\’““ "“"3 DO6E8_28 / /5
citacao . <8
18.07 .05 OFPE — i
Pulse Sequence: s2pul :
Solvent: DHSD - / |
Ambient temperature 1
UNITYplus-300 “UFPEuID0” N ] |
H {
Pulse 45.0 degrees |
cq. time 3.744 sec i
width 5000.0 Hz |
32 repetitions i
DBSERVE Wi, 299.5547908 HHz H
DATA PROCESSING i
FT size 65536
Total time min, 0 sec
cl i
|
I
| #
{
L/ |'/ . —
- | |
7 | | I
{ ] |
~ = | |
1 i
|['
| ] |
i 1 |
S W . | -1
|
S [ R et — =
13 12 11 10 9 8 {7 5 5 a 3 2 1 ppm
""" AT gy
. Sl ova 35.08 16.71 o -~
1A Yic ) -

o
g
-
—7.705
7.698
7.682

£ E k
51 Sgs= 2 |
=85 ) £
LT H @
b .

| &
] e !:
[ i il |
I | - =
i 2 i | s =
o ! e
H PEH ,I b 2"
me L
| el%

_ T




[13 X] PG-15

IV, KBr
124
A S =
P l i
104 DN
H
ol
(=]
E 0s S
= Principais bandas {cm): o
& #3397 42
R +3057 40
+2929,14
=173302
044 +1697,29
<1666 45
+159536
0.2 y T T T ; T T T i T T T .1400'14
4000 3500 3000 2500 2000 1500 1000 500 +123163
5 =1138.73
Freguéncia (crm)
Espectro de Massas, ESI negativo
PITTA ref:PG-15 masse=396 ; 10-May-2006 i
PITTA100506_7 1(2.018) Sm (SG, 1x0.10); Sb (1,10.00) . Scan ES-
100_‘ i 395.1 4.33e8
_i
1722
%_
397.1
Fd
1732 2002 398.1
| | I
194.2\| | "Fﬁgj
0 ; "Iﬂll*lLll |IFIIILI Itl f u s | ¥ T Treeer T T r ( f T '!"L“r‘- miz
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440




[13 y] PG-16

RMN *H, DMSOds

Flavia oG :
Amostra POF B |
Solicitacao N. DOBZ9_3 ]
08.09.05 UFPE i
Pulse Sequence: s2pul ?N] j .
Solvent: DHSO W i i
Amient temparature i '
UNITYplus=300 “UFPEu30O" H| .
Pulse 45.0 degrees : ;I
Acg. time 3.744 sec d |
Width 5000.0 Hz (v} [ |
48 repetitions i
1] VI H1, 299.9547921 WHz i
DATA PROCESSING |
FT size 65536 1
Total time 3 min, 0 sec |
i
i
|
It
!
i |
i !|
/ I i { !
| i .!
/ | [
/ {
, . |
/ _ . I I
4 ' ; ! f
| | I
.
I L
e . JULJ \ - w [
- . - — . s v — . —— e
13 12 11 10 9 8 St 3 5 4 b s 2 2l 2 1 ppm
v T s T
78,62 14.24 16.41 ¢
9
¢ .
> .
¥ il
L 171 i o %
i ® i % 5
5 22 no o e
o s b EE -
. g/ 1] Z ~rBE ,
el s |
L = t '
1 2! = e
e I . (?‘ b i
= | ' | x !
| 2 : t
| | Ly r
- - |
| I [l il
il ] | T |
|| il g 4ie |.|
1 i k. bl b I
| § | I i I} /'
| i I | i i . !: e —
’i |l I i ii 5.36 ppm
il f i i 9K
il i HA I »
| ! i :
-I”_ I I |
I i W \
I I rl'-
J Vi Il I M
I / | \,,/I IJ\
= SEEEm ; : T T T T = S T
8.8 8.6 8.4 8.2 8.0 7.8 746 Tl 72 ppm



[13y] PG-16

IV, KBr
11 4 B
1,0 4 3 “H/s?fﬂ
| T -
0,49 - N a
T 08
_<§ e | Frincipais bandas (cm™) \cl
2 +332145
E e | +2933 65
s o +1720,99
+1675,35
o5+ +159047
1 +1503 60
0.4 4 #1457 31
1 +1407 66
03 T T T T T T T T T T T T T T +1381,33
4000 3500 3000 2500 2000 1500 1000 500 1307 61
Freguéncia {crm) +122674
Espectro de Massas, ESI negativo
ref:PG 16; masse=474;page 10  24-May-2006
PITTA_240506_1 1(2.018) Sm (SG, 1x0.10); Sb (1,10.00) Scan ES-
g 475.0 1.69e8
d?2.? :
I i
I 477.0
1111.0 198.0
115.1 161.0
1433 | [ _— |
| li 165.0 [ 224.1 253.3 b
; I 1291 | ’| “ L 2413 Il 281.3 3190 I' 510.9
o .g\f““"‘,‘j' o] *ﬁ\‘%‘fmfﬂ'&w"”ﬁ!&"w’f‘ww M»J'\"w’;*“ pooil “” ot ; ] “‘JJ"“ e miz

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540



[13 z] HQ-16
RMN *H, DMSOds

¥ Flavia
AmOstra Mo-16
Solicitacao M. DOS02_36
06.05.05 UFPE

Pulse Sequence: s2pul
Solvent: DMSO

Ambient teaperature
UNITYplus=300 “UFPEu300™

Pulse 45.0 degrees

Acqg. time 3.744 sec

Width 5000.0 Hz

48 repetitions

OBSERVE Hl, 299.9548010 MKz
DATA PROCESSING

FT size 65536

Total time 3 min, 0 sec

- " |
F A
/ I
4 }
Z A !
j I
! f !
e LIET 47 f \
y yv o _fi ('R
12 11 1n 9 8 7 ppm
7831 33.29 11.58 1.0
4 1 a1 0
..\(_\ 3
J
Pl
% suos ¢ g
. . 228 aJ 1
g 227 : '
‘ s] fiieV I
! i
i E
3 of S8ar
~ e me e i
- B lie™ . ) 1
| i ST IR S |
( b i o |
| [ : {1 I !
[]
i
| i
| J L™
7.5 7s 6. ppm




[13 z] HQ-16

IV, KBr
1,2
i p Br
v | !
_‘_,g \S/\kua
5 % Principais bandas (crm)
= +3351 91
0,4 - +298142
+173340
+1695,03
BE 167397
«1585,95
0.0 N +1379,08
4000 3500 3000 2500 2000 1500 1000 500 +1229 38:
Frequéncia {cm™)
Espectro de Massas, ESI negativo
[PITTA ref:HQ-16 masse=440 ; 09-May-2006
PITTAS0506_8 1 (2.018) Sm (SG, 1x0.10); Sb (1,10.00 ) Scan ES-
166 172.2 4.25e8/
LA 4411
| |
L?a.z 200.2 14421
d ’
. 1610 | 174.2 |
| 1284 | t 238.2 443.0
'I" Lo i 'T”.'ﬁ""f.'""‘*.* sl - 3 - r——— . | vt ~ miz

120 140 160 180 200 220 240 260

S ——
280 | 300 320 340 360 380

00 ' 420 440 460 480 500 520



[13 2] HQ-17
RMN *H, DMSOds

Flavia

Aspstra HO-17

Solicitacan N. DO916_2

17.10.05 UFPE &

Pulse Sequence: s2pul
Solvent: DMS0 é

Ampient tgmparaturs =
File: DO916_2.1n )

UNITYplus-300 " eurPEuzDE”

Acg. time 3.
Width 5000.0 H

80 repetitions -
DBSERV H1, 299.3547380 HHz
DATA PROCESSING

FT size 65536

Total time 5 min_ 0 sec

Pulse 45.0 degrees ™
3.744 sdc
z

—

£

T T T L T T T T —r T T - T Y T T
13 1z 11 10 9 8 [ 4 3 1 ppm
2.‘_']_; 28.32 12.11 e
10.14 16.02 11.39
\< r
Y &
——
v B )
- Y
b -
s 5
. 2 ] 5 ~0 o’
- S e - |
- - | -
s I | & = ~>
= f b -
= | ~ ~
1 J I i <
i | % H
e
i -
2 i e
|| i e
Ih kL
o | i
| I
) |
I [T
[}
i

e Vbt

= B aee  BaBoie Bl s

“'M PV W ’
il L/
o rsopim e vemtarbon e * Then W L
L NPT

A PP e



[13 2] HQ-17
IV, KBr

g i -
| Oy
= j\s \ g

1
(]
[
T 0,58 < - y .
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