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RESUMO

Da arvore conhecida como “sucupira preta”, Bowdichia virgilioides Kunt
(Fabaceae), foram isoladas varias substancias pertencentes as classes dos
triterpenos, alcaldides, flavondides, oleos essenciais e um dihidrobenzofuranoide
denominado Bowdenol.

A Plicatina B é um precursor biogenético do Bowdenol que foi isolado do
tronco e das flores de Psoralea juncea (Leguminoseae), esta substancia mostrou
atividade antimutagénica contra mutag¢des induzidas por metano sulfonato de etila
(SEM) em Salmonella typhimurium TA 100.

No presente trabalho, presentamos a sintese do Bowdenol, através de uma
rota inédita em seis etapas: Metilagdo do ac. p-hidroxicindmico (Preparagdo de
BOW-01), Prenilagado do éster do ac. p-hidroxicinamico (BOW-02), deslocamento da
porcao prenilica a posigao —orto- da hidroxila (BOW-03), ciclizagao do radical prenila
(BOW-04), obtengdo de BOW-05 utilizagdo do reagente de Burgess e finalmente a
obtencdo do BOW-06 (Bowdenol) com diéxido de selénio. Os rendimentos obtidos
foram considerados bons, passando pela obtencao da Plicatina B, seu intermediario
chave.

Paralelamente € mostrada a preparagcdo através da reacdo de Schotten
Bauman, de seis (06) novos derivados da Riparina, substancia isolada pela primeira

vez de Aniba riparia (Nees) Mez (Lauraceae) com potencias atividades biolégicas.
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ABSTRACT

From the Stern bark of Bowdichia virgilioides Kunt (Fabaceae), atree popularly
known as “sucupira preta” was isolated triterpenes, alkaloids, flavonoids, essential oil
and a dihidrobenzofuran (Bowdenol).

The Plicatin B an antimutagenic constituent, isolated of Psoralea juncea
(Leguminoseae) is a biogenetic precursor for Bowdenol, this substance, and shown
antimutagenic activity against mutations induced by ethyl methanesufonate (SEM) in
Salmonella typhimurium TA 100.

In this work, show the Bowdenol synthesis by an unpublished route in six
steps: Esterification of p-hidroxicinamic acid (obtaining of BOW-01), prenylation of
BOW-01 (obtaining of BOW-02), displacement of prenyil radical to place to hydroxyl
radical (BOW-03), Ciclization of prenyl radical (BOW-04), obtaining of BOW-05 using
Burgess reagent and finally obtaining of BOW-06 (Bowdenol) with selenium dioxide.
The yields were good, including the obtaining of Plicatin B their intermediary key.

We also show the synthesis using Schotten Baumen reaction of six (06) new
derivates of Riparin, substance isolated of first time from Aniba riparia (Nees) Mez

(Lauraceae), with potentials pharmacological activities.
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INTRODUGCAO

O emprego de plantas com objetivo de recuperar a saude € um dos costumes
que acompanham a histéria da humanidade. Ainda hoje um grande numero de
cascas, raizes e folhas sdo usadas em preparacbes simples para uso caseiro,
mesmo com o desenvolvimento da sintese de farmacos ou bioisosterismo
(BARREIRO, 1991).

Exemplos historicos do emprego de plantas medicinais encontram-se na
digitoxina (Digitalis purpurea) e a digoxina (Digitalis lanata e Digitalis orientalis)
empregadas como cardiotdbnicos (MOURA, 1989). A morfina, isolada da Papaver
somniferum, planta conhecida na Europa desde o século XVI por suas propriedades
analgésicas, teve sua estrutura determinada apenas em 1923 (GULLAND et al.,
1923), sendo sintetizada somente em 1952 (GATES ECT al., 1952).

Outro exemplo relevante de produto natural util na terapéutica € a quinina
(Cinchona officinalis) e seus derivados, como a primaquina (ELDERFIELD et al.,
1955), empregada no tratamento da malaria. Cabe mencionar também a atropina
(Atropa belladona), utilizada como bloqueador colinérgico (BROWN, 1991).

A partir das substancias provenientes da matéria prima natural, e com o
avango dos processos de sintese organica, € que se torna possivel a obtencédo de
substancias farmacologicamente ativas, com maior rendimento, menor custo e de
elevado grau de pureza; além disto, as substancias sintéticas atingem 75% do total
de farmacos consumidos no mundo (BARREIRO, 1991)

Historicamente, a sintese organica tem se desenvolvido de acordo com as
necessidades e a curiosidade humana (TROST, 1985). Dentre os descobrimentos
que marcaram época e que, podem ser considerados como fundamentais no
desenvolvimento da Quimica Organica, destacam-se a sintese da uréia por
Frederich Wohler em 1828, a partir do cianato de aménio e a sintese do corante
mauveina por Willian H. Perkin em 1856 (MARK, 2000). O feito de Wohler marca
nao somente o fim da teoria da forga vital, fervorosamente defendido por varios
quimicos influentes da época, como também o nascimento da sintese organica como
ramo da Quimica Organica. Ja o feito de Perkin, uma tentativa frustrada de preparar
quinina a partir da anilina, abriu caminho para o desenvolvimento racional e cientifico

da Quimica Medicinal e estabeleceu uma forte associagao entre Quimica Orgénica e



Quimica Medicinal, que permanece até os dias de hoje; de fato, entre os principais
alvos escolhidos pelos quimicos organicos sintéticos ao longo dos anos encontram-
se produtos cuja complexidade estrutural, poténcia e com diversificadas atividades
bioldgico-farmacoldgicas despertaram enorme interesse cientifico e medicinal, como
por exemplo, os esterdides, prostaglandinas, antibioticos b-lactamicos, substancias
macrociclicas com agao antibiética e anticancer, entre outros exemplos (FURLAN et
al., 1996).

A sintese organica se desenvolveu mais rapidamente na segunda metade do
século XX, devido a descoberta de muitas reagdes novas, principalmente reagdes de
formacgao da ligacdo C-C e ao avancgo dos reagentes organometalicos preparados a
partir de metais de transicdo. Considerando isto podemos dividir este periodo nas
seguintes décadas ou eras:

® Década de 50: Primeira sintese total de um produto natural

® Deécada de 60: Planejamento sintético- moléculas alvo-complexas

® Década de 70: Metodologias baseadas em processos biosintéticos

® Década de 80: Desenvolvimento de reacdes enantioseletivas- uso de
catalisadores quirais

® Década de 90: Quimica organica — quimica medicinal — sintese planejada
utilizando conhecimentos de sitio ativo de enzimas — moléculas alvo (FURLAN

et al., 1996).

Assim o desenvolvimento continuo de novas metodologias sintéticas e o
aperfeicoamento constante das técnicas de analise organica, conjugados com uma
grande variedade de reag¢des e metodologias, associadas aos avangos das técnicas
instrumentais, permitiu a preparacdo de moléculas com alto controle da
enantiosseletividade (ROQUE, 2002).

Dentro desses avangos nas metodologias de sintese, tem se observado o
interesse no uso de solidos inorganicos como meio para transformagdes orgénicas
(SETTON, 1986; LAZSLO, 1993; CLARK, 1994; NIKALZE, 2000; 1ZUMI, 1992).
Dentre destes sodlidos inorganicos se encontram as argilas, que ocorrem
abundantemente na natureza, e pelas suas propriedades (troca de ions e grande
area de contato) tem sido explorados para aplicagbes cataliticas durante muito
tempo. Argilas cataliticas tém uma grande variedade de fung¢des incluindo (a) uso
como agentes cataliticos; (b) como suporte inertes e (c) para fornecer propriedades
fisicas especificas (resisténcia, densidade, etc.) (PINNAVIA, 1983) (LAZSLO, 1987).



As argilas sdo formadas por camadas de silicatos. Sao materiais cristalinos
com particulas muito pequenas (150 a 1 p), basicamente formadas por camadas
tetraédricas e octaédricas. (www.rhodium.ws/chemistry/mw.clays.txt acessado em
31/7/2000).

A montmorillonita apresenta estrutura de alumino silicato semelhante a um
sanduiche aonde as partes externas correspondem a silica tetraédrica e a interna ao
aluminio octaedrico (BALLATINE, 1993). A parte interna possui camadas
interlamelares de agua contendo ions dissolvidos (Na* e Ca*™), estas camadas de
agua podem interferir nas propriedades acidas desta argila, por isto € recomendado
colocar a argila na mufla a aproximadamente 400 °C antes de utiliza-la na reagao
usada como agente catalitico. Estas argilas na sua forma natural, quase néo tém
atividade catalitica, porém podem ser transformadas através de tratamento acido em
fortes condigdes (refluxo) ou por troca de cations com ions polivalentes assim como
AI"® ou Cr*3. (www.rhodium.ws/chemistry/mw.clays.txt acessado em 31/7/2000).
Como caracteristicas especiais estas argilas tém:

- capacidade de troca de ions

- capacidade de expansao (Absorg¢ao de agua entre as camadas)
- acidez (pelos cations presentes entre as camadas)
(www.rhodium.ws/chemistry/mw.clays.txt acessado em 31/7/2000).

Na atualidade, é grande o interesse pela descoberta ou modificacdo de
substancias naturais ou sintéticas para descobrir ou melhorar o tratamento de
inimeras doencas que ainda acometem a humanidade; como por exemplo, o
cancer, que € uma das doengas que mais causa mortes hoje em dia. Anualmente
morrem aproximadamente 6 milhdes de pessoas no mundo vitimas deste mal,
segundo algumas pesquisas epidemiologicas ( ANONYMOUS, 1997) ( RENNIE and
RUSTIG, R.., 1996). Nos Estados Unidos 60% dos casos de mortalidade por cancer
poderiam ter sido prevenidos desde que fossem atribuidas as causas externas que
provocaram a doenca (WILLETT et al,. 1996). Uma descoberta logo no inicio e o
tratamento adequado da doencga, sdo essenciais. Ha uma grande busca por uma
dieta com alimentos (frutas, verduras, etc.) e chas que possam ser associados como
possiveis agentes naturais de prevencdo do desenvolvimento de cancer
(GREENWALD, 1996) (HAYATSU et al., 1988) (JANG et al., 1997) (MITSCHER et
al., 1997) (REN et al., 1997).



Alguns agentes antimutagénicos podem exercer sua agao quimiopreventiva
através de sua possivel habilidade de atuar como antimutagénicos na prevengao ou
reversdo dos danos genéticos causados por alguns agentes mutagénicos.
Dependendo do modo de agao os agentes antimutagénicos podem ser classificados
em: desmutagénicos, os quais operam por inativagcdo dos agentes mutagénicos
antes que eles provoquem algum dano nos constituintes celulares tal como DNA, e
0os agentes desmutagénicos os quais modulam a mutagéneses a nivel celular
(dentro da célula) para iniciar um mecanismo de reparo celular em resposta aos
danos provocados. Também pode se esperar que alguns outros agentes
antimutagénicos possam atuar através de uma combinagao destes dois mecanismos
(DE FLORA et al., 1988).

Um destes agentes antimutagénicos é a Plicatina B, composto isolado do
tronco e das flores de Psoralea juncea (Leguminosae), que apresentou atividade
contra mutagdes induzidas por metano sulfonato de etila (SEM), em Salmonella
typhimurium TA 100 (MITSCHER et al., 1997) (MENON et al., 1999). Além disso, o
grupo fenil orto-prenilato exibe uma larga gama de atividades farmacoldgicas
incluindo antiinflamatéria, antifungica, antibacteriana e seus farmacoforos estao
envolvidos em tratamentos de HIV e doenga de Alzheimer (DINTZNER et al., 2004).

OMe

HO

Plicatina B

Bowdichia virgilioides Kunth (Fabaceae), (figura 1, pag. 5) € uma arvore
vulgarmente conhecida como “sucupira preta”. As cascas do tronco deste vegetal
sao utilizadas na medicina popular em casos de diarréia crénica e purificacdo do
sangue (BRAGA, 1960) entre outros usos. Estudos prévios na area da fitoquimica
reportaram a ocorréncia de diversas substancias pertencentes as classes dos
triterpenos (CALLE et al., 1983; TORRENEGRA et al. 1985; MARINHO et al., 1994),



alcaldides (MARINHO et al., 1994, TORRENEGRA et al., 1989), flavondides
(VELOSO et al., 1999; ARRIAGA et al. 1999) e dleos essenciais (ARRIAGA et al.
1998).

Figura 1. Bowdichia virgilioides Kunth (Fabaceae)

Outro estudo fitoquimico da Bowdichia virgilioides mostrou a presenga de um
composto contendo o nucleo 2,3-dihidrobenzofurano, que foi denominado
BOWDENOL (MELO, et al.,, 2001). Sendo o Bowdenol um composto isolado da
Bowdichia virgilioides no Laboratério de Tecnologia Farmacéutica sobre o qual nao
foram efetuados estudos sobre suas potencialidades bioldgicas e considerando que,
a Plicatina B, seu provavel precursor biogenético, (esquema 1, pag. 6) apresenta
atividades antimutagénicas (MENON et al., 1999), almejamos entédo propor e realizar

uma rota de sintese para este composto.
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Esquema 1. Proposta biogenética para o Bowdenol

O género Aniba pertence a familia Lauracea, popularmente conhecida como
“louro”, encontrada na Amazébnia central e Guiana, compreende 40 espécies entre
arbustos e arvores. Da espécie Aniba riparia (Nees) Mez foram isolados os éteres
metilicos de N-benzoiltiramina (Riparina |); N-(-2-hidroxibenzoil) tiramina (Riparina Il)
e N-(2,6-dihidroxibenzoil) tiramina (Riparina Ill) (BARBOSA-FILHO et al., 1987).
Riparina | e Riparina Ill tém atividade antimicrobiana (CATAO, et al., 2005).

A riparina Ill € um potente relaxante muscular (CASTELO BRANCO et al,.
2000) (THOMAS et al., 1994). O musculo esquelético € controlado pelo cérebro e
medula espinhal e atua através de impulsos elétricos. O mecanismo de contracéo
do musculo esquelético € menos sensivel a agdo de drogas que o musculo liso. O
musculo liso é encontrado em 6rgaos internos do corpo humano e uma de suas
funcdes é controlar o didmetro das veias. As drogas que provocam relaxamento no

musculo liso diminuem a pressao sanguinea e podem ser uteis para o tratamento da



hipertensdo a arteriosclerose e diminuem também o risco de complicagdes
cardiovasculares (NELSON 2000) (BERG et al., 2002). A riparina lll apresentou
também atividades ansiolitica e antidepressiva (SOUSA et al., 2004) .

Tendo em vista a importancia das Riparinas |, Il e lll, resolveu-se preparar as
mesmas, em maior quantidade e também obter analogos estruturais, que serao

submetidos a avaliagao farmacoldgica.
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Figura 2. Riparinas isoladas de Aniba riparia (Nees) Mez



OBJETIVOS

GERAL

Contribuir para a sintese de produtos naturais, com o intuito de melhorar o
rendimento e a pureza dos mesmos para fins de melhor avaliar os efeitos

farmacologicos destes componentes sintetizados.

ESPECIFICOS

e Propor uma rota de sintese inédita para o Bowdenol, com poucas etapas

¢ Sintetizar o Bowdenol a partir da rota de sintese proposta

e |dentificar os intermediarios e produto final através de métodos fisicos usuais
(IV, RMN de 'H e "*C)

e Obter novos derivados das riparinas, substancias naturais que ja

apresentaram 6timos resultados em estudos farmacologicos prévios.



PARTE EXPERIMENTAL

Especificagao dos materiais, métodos e equipamentos utilizados.

Cromatografias de adsor¢do em colunas (CC) foram feitas em colunas de
vidro de comprimentos e didmetros variados, utilizando como adsorvente
silica gel da marca Merck, Art. 7733, com particulas 0,02-0,05 mm de

diametro.

Cromatografias em camada delgada analitica (CCDA) e em camada delgada
preparativa foram feitas com silica gel PF,s54 suspensa em agua destilada e
distribuida sobre placas de vidro (de diferentes medidas) por meio de um
cursor “Quickfit’, secas ao ar livre e ativadas em estufa a 110°C por duas

horas.

As revelagbes cromatograficas foram feitas por irradiagdo a luz ultravioleta
com comprimentos de onda de 254 e 366 nm e/ou vapores de iodo, sendo

este ultimo apenas para cromatografia em camada delgada analitica.

A evaporacao das solugdes das reagoes e fracdes de colunas foi feita sob

pressao reduzida, usando-se rota evaporador da marca Fisatom 802.

Os solventes P.A. utilizados, foram da marca Merck, Vetec e Sigma utilizados
como recebidos, quanto aos solventes comerciais, estes foram destilados

quando necessario.

O grau de pureza das substancias foi evidenciado por CCDA, determinando-
se a pureza quando observada uma unica mancha, apos eluigdo em pelo

menos trés tipos de solventes, e por determinagdo do ponto de fusdo num
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aparelho digital modelo MQAPF-302 marca Micro Quimica, com variagao

maxima de 2°C entre o inicio e o fim da fusdo.

Os espectros no Infravermelho (IV) foram registrados em pastilhas de KBr,
em espectrofotbmetro modelo BOMN MICHELSON, na faixa entre 4000 a
400 cm™.

Os espectros de ressonancia magnética nuclear de hidrogénio (RMN "H) 200
ppm e 500 ppm e ressonancia magnética nuclear de carbono 13 (RMN *3C)
operando a 50ppm e 125 ppm, foram obtidos em aparelho tipo VARIAN-
MERCURY, utilizando técnicas uni e bidimensionais, sendo usado como

solventes cloroférmio e dimetilsulféxido deuterados.

Para recristalizacado das substancias foram utilizados metanol, cloroférmio e

acetona PA, Merck.

Reagentes

Acido 4-hidroxicinamico - Sigma —Aldrich

Brometo de prenila (1-Bromo-3-metil-2-buteno) — Sigma — Aldrich / Acros
Montmorillonita K-10 - Aldrich

Montmorillonita KSF - Aldrich

Acido metacloroperbenzéico Sigma-Aldrich

Reagente de Burgess (hidroxido de metoxicarbonil sulfamoil trietilamonio) -
Aldrich

Hidroperodxido de tert-butila — Avocado Research chemicals Ltd.

Oxido de Selénio (IV) - Aldrich



Solventes

e Cloroférmio (comercial)
e Cloroférmio PA - Vetec
¢ Hexano (comecial)

e Hexano PA - Vetec

e Metanol (comercial)

e Metanol PA - Vetec

e Diclorometano - Tedia
e Piridina (comercial)

e Acetato de etila (comercial)

11
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A metodologia proposta para a obtencdo do bowdenol esta contida no

esquema a seguir:
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Esquema 2. Rota sintética proposta para a obtencdo de Bowdenol
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Preparacao de (E)-metil-3- (4-hidroxifenil)acrilato (BOW 01)

X MeOH /H,SO, N
OH OMe

Refluxo-8h
HO HO

Acido p-hidroxicinamico BOW 01

Uma solucéo do acido. p-hidroxicindmico (4 g; 24,36 mmoles) em metanol (20

mL) e acido sulfurico concentrado (1,2 mL) foi mantida sob refluxo e agitagao

magnética por 8 horas. Apds o término da reacao, a solugao foi neutralizada com

uma solucado de bicarbonato de sdédio e extraida com trés porgdes de acetato de

etila, estas fases organicas foram reunidas, secas com sulfato de sédio anidro,

filtradas e concentradas em evaporador rotatério, obtendo-se assim 3,8 g, na forma

de cristais brancos, codificado como BOW 01 com rendimento de 87%.

Ponto de fusdo: 132-133 °C (MENON et al. 1999; 138-139 °C)

NMR "H (CDCls, 200 ppm) 7,40 (d J=8,6); 6,79 (d J= 8,6): 7,57 (d J=15,8); 6,27 (d

J=15,8); 3,72 (s) (Figura 3, pag. 49)

NMR *C (CDCl;, 50 ppm) 172,26; 163,68; 145,03; 133,63; 129,54; 119,30; 117,32;

54,53. (Figura 5, pag. 51)
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Preparagao de (E)-metil-3-[4 -(3-metilbut-2-eniloxi)fenil]acrilato (BOW 02)

/©/\EL - S~ ove
OMe )\A
|_D Acetona K 2CO3 X O

BOW 01 BOW 02

A uma suspensao de carbonato de potassio (1,98 g; 14,04 mmoles) em
acetona (60 mL), foram adicionados 2 g (11, 23 mmoles) do éster metilico do acido
p-hidrocinamico (BOW 01). A mistura reacional foi mantida sob agitagdo magnética
por meia hora a temperatura ambiente, em seguida foi adicionado 1,8 mL de
brometo de prenila (11,7 mmoles) vagarosamente (durante 15 min.). A agitacdo
magnética continuou por 3 horas. Apds o término da reagdo a mistura foi
neutralizada com uma solugao de HCI 10% e extraida com cloroférmio (3 x 20 mL).
As fases organicas foram reunidas, secas com sulfato de sodio anidro, filtradas e
concentradas em evaporador rotatério, obtendo-se 2,47g de um sdlido
esbranquigado, codificado de BOW 02 com rendimento de 89,5%.

Ponto de fusio: 64-65 °C

NMR 'H (CDCls, 200 ppm) 7,63 (d, 15,8); 7,43 (d 8,8); 6,88 (d 8,8); 6,28 (d, 15,8);
5,46 (m); 4,51 (d 7,0); 3,77 (s); 1,78 (s); 1,73 (s). (Figura 7, pag. 53)

NMR *C (CDCl;, 50 ppm) 167,70; 160,62; 144,50; 138,58; 129,61; 126,85; 119,10;
114,99; 114,88; 64,77; 51,47; 25,73; 18,13. (Figura 9, pag. 55)
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Preparacao de (E)-metil-3-[4 — hidroxi-3-(3-metilbut-2-eniloxi)fenil]acrilato (BOW

03) Plicatina B

NS

OVe  Montmorillonita K-10 A A Wi
)\/\
X @) DCM /30 min

BOW 02 BOW 03

A uma suspensao de 2 g de montmorillonita K-10 em diclorometano (30 mL)
foram adicionados 0,200 g de BOW 02 e deixada sob agitacdo magnética a
temperatura ambiente por duas horas. Em seguida a mistura reacional foi filtrada e
a motmorillonita K-10 lavada com metanol, as fases organicas foram secas com
sulfato de sodio anidro, filtradas e concentradas em evaporador rotatorio, em
seguida foram identificadas trés substéncias por CCDA. Através de cromatografia
em coluna de silica gel 60 com eluentes em gradiente crescente de polaridade:
hexano, hexano-CHCI;3 (1:1), CHCI; e CHCI3-MeOH (1%) foram obtidos 25 fragbes
das quais, as sub-fracbes 2-7 foram identificadas como sendo BOW -02 que nao
reagiu (0,08 g), as sub-fragdes 12-16 foram identificadas sendo BOW -03 (plicatina
B) 0,07 g como um solido amarelado, com rendimento de 35% e as sub-fracbes 18-
23 identificadas como sendo BOW 01 (0.04 g), além de subprodutos da reagao.
Ponto de fusdo: 78-80 °C (MENON et al. 1999, 78-82 °C)

NMR "H (CDCls, 200 ppm) 7,59 (d 16); 7,21 (m); 6,79 (d 8,6); 6,24 (d 16); 5,27(m);
3,76 (s); 3,31 (d 7,2); 1,72 (s); 1,71 (s). (Figura 10, pag. 56)

NMR "*C (CDCI;, 50 ppm) 168,36; 156,70; 145,38; 134,68; 130,00; 127,86; 127,68;
126,71; 121,23; 115,91; 114,39; 51,68; 29,03; 25,75; 17,81. (Figura 13, pag. 59)
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Preparagao de (E)-metil-3-[2-(2 —hidroxipropan-2-il)-2,3-dihidrobenzofuran-5-
illJacrilato (BOW 04)

A N A
O\Ve MCPBA / DCM Oove

0°C 20 min HO 0

BOW 03 BOW 04

Uma solucéao de 0,338 g (1,38 mmoles) de BOW 03 em diclorometano (5 mL),
foi adicionada a uma solugéo de acido metacloroperbenzoico (MCPBA) (0,370 g) em
20 mL de diclorometano. A mistura reacional foi mantida sob agitacdo magnética a 0
°C por 20 minutos. Em seguida, foi adicionada uma solugdo saturada de
bicarbonato de sddio e deixada em agitagdo magnética por 3 horas. Por meio de
funil de separacao separaram-se duas fases. A fase aquosa foi extraida com trés
por¢cdes (20 mL) de diclorometano. As fases organicas foram reunidas, secas em
sulfato de sddio anidro, filtradas e concentradas em evaporador rotatério, obtendo-se

um o6leo amarelado 0,32g com rendimento de 89 %.

NMR "H (CDCls, 200 ppm) 7,57 (d 16); 7,32 (m); 6,74 (d 8,0); 6,32 (d 16); 4,89 (sl);
3,74 (s); 3,01 (dd 5,2; 16); 2,72 (dd 7,2; 16); 1,32 (s); 1,26 (s). (Figura 14, pag 60)

NMR *C (CDCl;, 50 ppm) 169,56; 156,79; 146,36; 131,60; 128,59; 127,85; 121,77;
118,57; 115,38; 78,85; 70,02; 52,01; 31,89; 25,89; 21,34. (Figura 17, pag. 63)
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Preparagao de (E)-metil 3-[2-(prop-1-en-2-il)-2,3-dihidrobenzofuran-5-ilJacrilato:
(BOW 05)

NN
= R. Burgess Me
Me 7 . |
HO Tolueno / refluxo o
) 24h

BOW 05

A um baldo contendo tolueno recentemente destilado (2 mL),foram
adicionados 0.50 g de BOW 04 e reagente de Burgess (hidréxido de metoxicarbonil
sulfamoil trietilamonio) (0,050 g) foi mantido sob refluxo por 12 horas. Apods este
tempo foi adicionada agua destilada. A mistura reacional foi extraida com trés
por¢cdes (20 mL) de acetato de etila. Em seguida, as fases orgénicas foram
reunidas, secas com sulfato de sddio anidro, filtradas e concentradas em evaporador
rotatério. Obtiveram-se trés compostos, sendo um deles material de partida que nao
reagiu (identificado por comparagdo com padrao em CCDA). Apds coluna em silica
gel 60 e utilizando eluentes em gradiente crescente de polaridade, obteve-se 0,20 g

de BOW -05 (6leo viscoso amarelo).

NMR "'H (CDCls, 200 ppm) 7,62 (d 15.8); 7,31 (m); 7,31 (m); 6,78 (d 8,2); 6,25 (d
15.8); 5,21 (m); 4,99 (m); 3,77 (s); 3,35 (dd 9,6; 16); 3,03 (dd 8,4; 16); 1,75 (s).
(Figura 20, pag. 66)
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Preparagao de (E)-metil 3-[2-(1-hidroxiprop-2-en-2-il)-2,3-dihidrobenzofuran-5-
il]-acrilato : Bowdenol (BOW 06)

o DCM o
OH

BOW 05 BOWDENOL

Seguindo a metodologia encontrada na literatura para a preparagdo de um
composto semelhante ( FURSTNER et al., 2000), € que a uma suspensao de SeO,
(9 mg; 0,069 mmol) e diclorometano 10 mL, foram adicionados hidroperdxido de tert-
butila (t-BuOOH) (70% p/p em agua; 21 pL, 0,165 mmol). A mistura reacional foi
deixada sob agitagdo magnética a temperatura ambiente por 2 horas. Apos este
tempo uma solugdo de BOW-05 (0,010 g; 0,041 mmol) em 2 mL de diclorometano foi
adicionada vagarosamente e a suspensao foi mantida sob agitagdo magnética por 6
horas a temperatura ambiente. Em seguida foram adicionados agua e
diclorometano, sendo a fase organica seca com sulfato de so6dio anidro e
concentrada em evaporador rotatorio. Apds purificagdo em cromatografia em coluna
de silica gel utilizando como eluentes hexano-cloroférmio (1/1), cloroférmio,
cloroférmio-metanol (1%) obteve-se 1,5 mg de bowdenol na forma de um o6leo

amarelo viscoso, além de subprodutos.

NMR "H (CDCls, 200 ppm) 7,63 (d 15,9); 7,33 (s); 7,28 (d 8,3); 6,76 (d 8,3); 6,24 (d
15,9); 5,35 (m); 5,27(m); 5,23 (m); 4,23 (d 13,7)4,22 (d 13,7); 3,37 (dd, J=
9,5:15.7):3,75 (s); 3,13(dd, J= 8,3; 15,7) (Figura 23, pag. 69)

NMR "*C (CDCl;, 50 ppm) 168,04; 161,64; 147,32; 145,06; 129,83; 127,85; 127,78;
124,61; 114,98; 112,68; 109,88; 84,50; 62,11; 51,72; 34,95. (Figura 24, pag. 70)
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Obtencao da Riparina lll

OH O OH O
OH Metanol/  H,SO, OMe
Refluxo 36 h
OH OH
Acido 2,6-dihidroxibenzoico Ester metilico do acido 2,6-dihidroxibenzoico

Uma solucéo de acido 2,6-dihidroxibenzdico (10 g) e metanol (80 mL) e 3,2
mL de acido sulfurico concentrado, foi mantida sob refluxo por 36 h. Em seguida, a
mistura reacional foi neutralizada com bicarbonato de sddio e extraida com trés
por¢cdes (20 mL) de acetato de etila. As fases orgénicas foram reunidas e secas
com sulfato de sodio anidro, filtradas e concentradas em rotaevaporador. Obteve-

se 2,93 g de cristais da cor branca com rendimento de 27 %.

OMe
OH O OH O

H 2N condenlsag?o
sem solvente

OMe \/\©\ N

+
4h H
OMe
OH OH

Ester metilico 4-metoxifenetilamina inari
do acido 2,6-dihidroxibenzoico Riparina Il

Para a obtencédo da riparina lll, colocou-se 0,10 g do éster do acido 2,6-
dihidroxibenzoico em 10 mL de diclorometano, em seguida foram adicionados 0,18
mL de 4-metoxifenetilamina. A mistura reacional foi deixada sob agitagcdo magnética
por 4 h. Apds purificagcdo em coluna de silica gel, utilizando como solventes hexano,
cloroféormio e metanol em gradiente crescente de polaridade, obtiveram-se 0,078 g

de um solido amarelado (riparina Ill) com rendimento de 45%.
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PREPARAGAO DAS NOVAS RIPARINAS

Para a sintese dos derivados com estrutura geral Rip a-f (Esquema 3, pag 23)
os reagentes de partida numa proporgao 1:2 (excesso da amina), foram submetidos
a agitacdo magnética sem solvente a temperatura ambiente por um tempo que foi de
30 mina 8 h.

Obtencgao de Rip-a

Utilizando-se a reagao de Schotten-Bauman, foram misturados em um baldo
de 50 mL 0,41 mL de cloreto de acido e 0,89 mL de 2-feniletilamina com trietilamina.
A mistura reacional sem solvente foi deixada em agitacdo magnética por 30 min. a
temperatura ambiente. Apds purificagdo em cromatografia em coluna obteve-se

0,68 g. de N-fenetilbenzamida (Rip-a) com um rendimento de 84%.(pf. 115°C)

Obtenc¢ao de Rip-b

Utilizando-se a mesma metodologia foi preparado o N-[2-(3,4-dimetoxi-fenil)-
etill-benzamida (Rip-b) a partir de 0,41 mL de cloreto de benzoila e 1,2 mL de 3,4-
dimetoxifenetilamina. A reacéo terminou em 30 min. Resultando assim em 0,82 g.
do composto denominado Rip-b. Rendimento de 80,44%.(pf. 88,5-90°C).

OMe
O o)
H,N
Cl ’Tj OMe
+
OMe H
OMe
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Obtencao de Rip-c

A partir de 0,43 mL de salicilato de metila e 0,83 mL de feniletilamina, sob
agitacdo magnética por 8 h. e a temperatura ambiente, foram obtidos 0,52 g. de 2-
hidroxi-N-fenetil-benzamida (Rip-c) com rendimento de 65%. (pf. 93,6-95°C).

O OH O
H,N
OMe N
B ———
+ A
OH

Obtenc¢ao de Rip-d

Em seguida foi preparada a 2-hidroxi-N-[2-(4-metoxi-fenil)-etil]-benzamida
(Rip-d), a partir de 0,43 mL de salicilato de metila com 1, 12 mL de 3,4-
dimetoxifenetilamina, sob agitacdo magnética e a temperatura ambiente por 6 h. com
rendimento de 33,68%.(pf. 96°C)

OMe
O OH O
H,N
OMe - N OMe
+ a
OH OMe
OMe

Obtencao de Rip-e

Para a preparacdo de 2,6-diidroxi-N-fenetil-benzamida (Rip-e), foram
adicionados 0,75 mL de feniletilamina a uma solugao de 0,5 g do éster do acido 2,6-
dihidroxibenzéico em 30 mL de diclorometano e 1 mL de trietilamina. A mistura
reacional foi deixada sob agitagcdo magnética por 5 h. Em seguida foi a mistura foi
neutralizada com HCI 2% . Em seguida extraiu-se com trés por¢des (20 mL) de
acetato de etila. As fases organicas foram reunidas, secas com sulfato de sodio
anidro, filtradas e concentradas a vacuo. Obteve-se assim 0,58 g do composto
denominado Rip-e com rendimento de 75%. (pf. 154-155°C)
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OH O OH O
H,N
OMe N
—_— >
: !
OH OH

Obtencao de Rip-f

A N-[2-(3,4-dimetoxi-fenil)-etil]-2,6-diidroxi-benzamida (Rip-f) foi preparada a
partir da adicdo de 1 mL de 3,4-dimetoxifenetilamina, a uma solugao de 0,5 g de 2,6-
dihidroxibenzoato de metila em 30 mL de diclorometano € 1 mL de trietilamina. A
mistura reacional foi deixada sob agitacdo magnética por 5 h. Em seguida foi
neutralizada com HCI 2% e extraida com trés porcdes de acetato de etila. As fases
organicas foram reunidas, secas com sulfato de sdédio anidro, filtradas e
concentradas em rotaevaporador. Obteve-se 0,66 g do composto denominado Rip-f
com rendimento de 69 %(pf. 166-167°C)

OH O OH O OMe
H,N
OMe N OMe
: T a
OH OMe OH
OMe
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No esquema a seguir esta sumarizada a preparagao dos derivados das riparinas

DCM
Trieltilamina

R5
@i /\/<ji
&w R4
H
t.a R2
R5 o
R1 /\@i Rip-e; Rip-f
+
H_ N

R2 2 R4

R3 O

5

R
iy 1 /\Qi
Condensacgio @fj\ ’Tj R4
H
R2

sem solvente
t.a

Rip-a; Rip-b; Rip-c; Rip-d

(Rip-a) R1=Cl; R2=R3=R4=R5=H

(Rip-b) R1= CI; R2 = R3 = H; R4 = R5 = OCH3

(Rip-c) R1= OCH3; R2 = OH; R3=R4 =R5 = H
(Rip-d) R1= OCH3; R2 = OH; R3 = H; R4 = R5 = OCH3
(Rip-e) R1= OCH3; R2 = R3 = OH; R4 =R5 = H

(Rip-f) R1= OCH3; R2 = R3 = OH; R4 = R5 = OCH3

Esquema 3. Reacgio geral para a obtengao dos novos derivados das riparinas.
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RESULTADOS E DISCUSSAO

Identificagao de (E)-metil-3- (4-hidroxifenil)-acrilato (BOW 01)

O espectro de RMN "H (Fig. 3, pag. 49) mostrou um simpleto em 3,72 ppm
com integral para trés hidrogénios, referente a hidrogénios de metoxila. Ainda pbéde-
se observar a presencga de dois dupletos em 7,57 ppm e em 6,27 ppm ambos com
uma constante de acoplamento de 15,8 Hz, referentes aos hidrogénios olefinicos
nas posicdoes 7 e 8 respectivamente. Também, observou-se na regido dos
hidrogénios aromaticos, dois dupletos referentes aos hidrogénios 2,6 e 3,5 do anel
aromatico em 7,40 ppm e 6,79 ppm respectivamente, com um J = 8,6 Hz,
caracterizando um sistema AA'BB’. Finalmente, observou-se uma absor¢cdo em 4,88

ppm atribuida a presenca de uma hidroxila.

A analise do espectro de RMN '3C, utilizando a técnica APT (Fig. 5 pag. 51)
revelou 8 sinais dentre os quais podemos observar um sinal referente ao carbono de
metoxila em 54.53 ppm. Ao carbono da carbonila foi atribuida a absor¢do em
172,26 ppm. O carbono na posigéo 4 ligado diretamente a hidroxila, foi identificado
pela absor¢do em 163,68 ppm e os carbonos olefinicos foram identificados pelas
absor¢cbes em 145,03 ppm para o carbono na posi¢édo 7 e 117,32 ppm para o
carbono na posicao 8. As absorgcées em 133,63 e 119,30 ppm foram atribuidas aos
carbonos 2-6 e 3-5 respectivamente, confirmando assim a existéncia de um sistema

AA’BB’; e finalmente um sinal em 129,54 ppm referente ao carbono na posicao 1.

Com base nestes resultados pudemos identificar o composto em estudo BOW

01 como (E)-metil-3- (4-hidroxifenil)acrilato.
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TABELA 1. Dados de RMN 'H e °C de (E)-metil-3- (4-hidroxifenil)acrilato (BOW 01)
(MeOD, 200 ppm; 50ppm).

c SH (ppm) 5C (ppm)
1 129,54
4 163,68
9 172,26
3’ — —
CH
2/6 7,40 (d J=8,6) 133,63
3/5 6,79 (d, J=8,6) 119,30
7 7,57 (d J=15,8) 145,03
8 6,27 (d J= 15,8) 117,32

MeO 3,72 (s) 54,53
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Identificacao de (E)-metil-3-[4 -(3-metilbut-2-eniloxi)fenil]-acrilato (BOW 02)

O espectro de RMN 'H (Fig. 7 pag. 53) mostrou uma absor¢do em 3,77 ppm
com integral para trés hidrogénios, atribuida a hidrogénios de metoxila. Ainda
podemos observar a presenca de dois dupletos em 7,63 ppm e em 6,28 ppm
referentes aos hidrogénios olefinicos nas posi¢coes 7 e 8 respectivamente, com J =
15,8 Hz. Observa-se ainda na regido dos hidrogénios aromaticos, dois dupletos
referentes aos hidrogénios 2 e 6 do anel aromatico em 7,43 ppm com J=8,8 Hz e
dos hidrogénios nas posigdes 3 e 5 em 6,88 ppm com J = 8,8 Hz, caracterizando um
sistema do tipo AA’'BB’. Observou-se também um multipleto em 5,46 ppm atribuido
ao hidrogénio na posicao H2’, ja o hidrogénio na posicao H-1’ foi identificado pelo
dupleto observado em 4,51 ppm com J = 7,0 Hz. Finalmente, observou-se dois

simpletos em 1,78 e 1,73 ppm referentes as duas metilas nas posicoes 4’ e 5'.

No espectro de RMN '3C (Fig. 9, pag. 55) foram observadas 13 absorcdes.
Aquelas que absorveram em 25,73 e 18,13 ppm foram atribuidas aos carbonos das
duas metilas nas posicoes 4’ e 5. A absorcdo em 51,47 ppm foi atribuida ao
carbono da metoxila. O carbono mais desprotegido nesta molécula, referente a uma
carbonila encontra-se em 167,70 ppm. O carbono na posigéo 4 (ligado ao oxigénio
com a porgao prenilica) foi identificado pela absorgdo em 160,62 ppm. Os carbonos
do anel aromatico foram identificados pelas absor¢des em 129,61 ppm referentes
aos carbonos das posicdes 2 e 6 e a absorcdo em 114,88 ppm referente aos
carbonos 3 e 5. Os carbonos nas posi¢coes 7 e 8 foram identificados pelas
absorcoes em 144,50 ppm e 114,99 ppm respectivamente, da mesma maneira os
carbonos quaternarios 1 e 3’ foram identificados pelas absor¢gées em 126,85 e

138,58 ppm respectivamente. O carbono na posi¢cao 1’ mostrou uma absor¢édo em
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64,77 ppm e finalmente o carbono na posigdo 2’ foi determinado pela absorgao
encontrada em 119,1 ppm. Tomando em conta estes indicios podemos afirmar que a
estrutura do composto denominado como BOW 02 é (E)-metil-3-[4 -(3-metilbut-2-

eniloxi)fenil)acrilato.

TABELA 2. Dados de RMN 'H e ™C de (E)-metil-3-[4 -(3-metilbut-2-
eniloxi)fenil)acrilato (BOW 02) (CDCls, 200 ppm ; 50ppm)

c SH (ppm) 5C (ppm)
1 126,85
4 160,62
9 167,70
3 138,58
CH
2/6 7,43 (d 8,8) 129,61
3/5 6,88 (d 8,8) 114,88
7 7,63 (d, 15,8) 144,50
8 6,28 (d, 15,8) 114,99
2 5,46 (m) 119,10
CH,
1 4,51 (d 7,0) 64,77
CH;
4 1,78 (s) 25,73
5 1,73 (s) 18,13

MeO 3,77 (s) 51,47
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Identificagao de (E)-metil-3-[4 —hidroxi-3-(3-metilbut-2-eniloxi)fenil]
acrilato (BOW 03)

De inicio a reagcdo era processada com benzeno e montmorillonita KSF
durante trés dias de refluxo, (DAUBEN et al., 1999). Ja nos estudos feitos por
DITZNER et al. (2004) testando diferentes solventes e os dois tipos de
montmorillonita (KSF e K-10) observou-se melhores rendimentos com o uso de
diclorometano e a argila K-10, . Especificamente no nosso caso isto também foi

observado, ndo na mesma proporgao.

Foi feita uma modificacdo na metodologia, apds testar-se diferentes tipos de
solventes e os dois tipos de argila; também foi feita uma avaliacdo sobre a
quantidade de argila que se adaptaria melhor a nossa reacgao, testando-se as
propor¢gdes de 1:1; 1:2; 1:5; 1:10 e 1:15 (BOW 02 : montmorillonita K-10). Os
resultados nos mostraram que a melhor opg¢ao é de 10 (dez) vezes o peso de argila
em relacado ao peso da substancia a sofrer o deslocamento da porcao prenilica. Em
todas as tentativas realizadas para chegar ao procedimento adotado, o rendimento

foi de aproximadamente 10-15%.

Ainda foi realizada mais uma série de tentativas para obter a plicatina B, desta
vez utilizando silica flash e florisil no lugar da montmorillonita, (TALAMAS et al.,
1997), com diferentes solventes e temperaturas, seguindo a mesma metodologia. O
resultado foi que em nenhuma destas tentativas o rendimento foi considerado bom

(aprox. 5%).
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A uma suspensao BOW 01 (éster do ac. p-hidroxicinamico) em tolueno seco,
foi adicionado hidreto de sddio (NaH). Inicialmente a mistura reacional foi deixada a
temp. ambiente e em seguida aquecida a 65 °C por 4 h. Apds este tempo a mistura
foi resfriada a temp. ambiente e adicionou o brometo de prenila vagarosamente e a
reagao continuou por 72 h. Apds isto foi adicionada agua gelada (MENON et al.,
1999). Apds verificagdo com CCDA, foi observado que houve a formagao de muitos

subprodutos. No final o rendimento desta reagao foi de 14 % de Plicatina B.

Os compostos BOW 02 (material de partida que nao reagiu) e BOW -01

(produto da deprenilagao) foram reaproveitados.

O espectro de RMN "H (Fig. 10, pag. 56) mostrou uma absorgdo em 3,76 ppm
referente a hidrogénios de metoxila. Ainda podemos observar a presenga de dois
dupletos em 7,59 ppm e em 6,24 ppm referentes aos hidrogénios olefinicos nas
posicdes 7 e 8 respectivamente acoplando entre si com J =16Hz. Também
observou-se na regido dos hidrogénios aromaticos um dupleto em 6,79 ppm
referente ao hidrogénio na posi¢cao 5 com J = 8,6 Hz; ja em 7,21 ppm encontram-se
um dupleto referente ao hidrogénio na posicdo 6 e um simpleto do hidrogénio na
posicdo 2, isto foi evidenciado pela integracdo destas absorgbes, para dois
hidrogénios. O dupleto em 3,31ppm com J = 7,2 Hz, foi atribuida ao hidrogénio na
posicao 1’. Finalmente observaram-se dois simpletos em 1,72 e 1,71 ppm atribuido

as duas metilas nas posigoes 4’ e 5’ respectivamente.

No espectro de RMN "*C (Fig. 13, p. 59) foram observadas 15 absorcdes,
sendo as que apareceram em 25,75 e 17,81 ppm atribuidas aos carbonos das duas
metilas nas posi¢des 4’ e 5, em 51,68 ppm atribuida ao carbono de metoxila e em
29,03 ppm observamos uma absorg¢do atribuida a C-1°. O carbono mais
desprotegido nesta molécula, referente a uma carbonila encontra-se em 168,36
ppm. Ao carbono na posigdo 4 (ligado a hidroxila) foi atribuida a absor¢do em
156,70 ppm; os carbonos do anel aromatico foram identificados pelas absorgbes em
127,68 ppm referente ao carbono na posig¢ao 3, em 130,00 ppm atribuida ao carbono
2, em 127,86 ppm referente ao carbono 6, em 115,91 ppm ao carbono na posi¢ao 5.
Os carbonos nas posicdes 7 e 8 foram identificados pelas absorcbées em 145,38 e

114,39 ppm respectivamente, e os carbonos quaternarios 1, e 3’ foram identificados
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pelas absorcées em 126,71 e 134,68 ppm respectivamente e finalmente o carbono
na posicdo 2’ foi determinado pela absor¢do encontrada em 121,23 ppm.
Considerando tais valores pudemos afirmar que a estrutura do composto
denominado como BOW 03 tratava-se de (E)-metil-3-[4 —hidroxi-3-(3-metilbut-2-

eniloxi)fenil)-acrilato.

TABELA 3. Dados de RMN 'H e ®*C de (E)-metil-3-[4 —hidroxi-3-(3-metilbut-2-
eniloxi)fenil)-acrilato (BOW 03) (CDClIs, 200 ppm ; 50ppm)

c SH (ppm) 5C (ppm)
1 126,71
3 127,68
4 156,70
9 168,36
3 134,68
CH
2 7,21 (m) 130,00
5 6,79 (d 8,6) 115,91
6 7,21 (m) 127,86
7 7,59 (d 16) 145,38
8 6,24 (d 16) 114,39
2’ 5,27(m) 121,23
CH;,
1 3,31(d7,2) 29,03
CH;
4 1,72 (s) 25,75
5 1,71 (s) 17,81

OMe 3,76 (s) 51,68
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Elucidacao estrutural de (E)-metil-3-[2-(2 —hidroxipropan-2-il)-2,3-dihidro
benzofuran-5-il]-acrilato (BOW 04)

Para chegar a metodologia descrita anteriormente, foi necessario modificar a
que foi encontrada na literatura, para poder obter o alcool terciario desejado em
maior rendimento. Basicamente, o que foi feito foi dividir a reacdo em duas,
formacdo do epdxido com o MCPBA, e depois basificar a mistura reacional e
continuar a reacdo sem isolar o epodxido para poder direcionar a formacéao
predominante do alcool terciario. O importante que se deve atentar nesta fase € a
basificacdo do meio logo apds a formagédo do epoxido, caso contrario ha formagao

de subprodutos.

Outra tentativa de se obter o BOW-04 foi através da reagdo de BOW 3
(plicatina B) e MCPBA a temperatura ambiente em diclorometano e/ou metanol, com
hidroxido de litio, deixando a mistura reacional sob agitagdo magnética por 2 dias,
(LINDSEY et al.,2002). Apds este tempo, observou-se que o rendimento da reagao

foi de aproximadamente 12%.

O espectro de RMN 'H (Fig. 14 pag. 60) mostrou um simpleto em 3,74 ppm
referente a hidrogénios de metoxila. Também observou-se a presenga de dois
dupletos em 7,57 ppm e em 6,32 ppm com J =16 Hz, referentes aos hidrogénios
olefinicos nas posi¢cdes 7 e 8 respectivamente. Ainda pudemos observar na regido
dos hidrogénios aromaticos um dupleto em 6,74 ppm com J = 8,0 ppm referente ao
hidrogénio na posicdo 5. Em 7,32 ppm observamos um multipleto referente aos
hidrogénios nas posi¢cdes 6 e 2, determinados pela integracdo destas absorgdes

para dois hidrogénios. Finalmente observaram-se dois simpletos em 1,32 e 1,26
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ppm atribuidos as duas metilas nas posicbes 4’ e 5, e para caracterizar esta
molécula observa-se um simpleto largo em 4,89 ppm atribuido ao hidrogénio na
posicao 2’ e dois duplos dupletos em 3,01 com J =5,2; 16 Hz e em 2,72 ppm com J =

7,2; 16 Hz referentes aos hidrogénios na posi¢éo 1’.

No espectro de RMN *C (Fig.17 pag.63) foram observadas 15 absorgdes,
onde as que surgiram em campo alto em 25,89 e 21,34 ppm foram atribuidas aos
carbonos das duas metilas nas posicoes 4’ e 5°, em 52,01 ppm foi atribuida ao
carbono da metoxila. Em 31,89 ppm observamos uma absorcéo atribuida a C-1'. O
carbono da carbonila foi observado em 169,56 ppm, o carbono na posi¢cao 4 foi
atribuido a absorcdo em 156,79 ppm. Os carbonos do anel aromatico foram
identificados pelas absor¢cdes em 127,85 ppm referente ao carbono na posi¢cao 3,
em 131,60 ppm atribuida ao carbono na posicao 2, em 128,59 ppm referente ao
carbono na posi¢ao 6 e em 115,38 ppm do carbono na posi¢ao 5. Os carbonos nas
posicdes 7 e 8 foram identificados pelas absor¢cdes em 146,36 e 118,57 ppm
respectivamente. Os carbonos quaternarios 1 e 3’ foram identificados pelas
absorcbées em 121,77 e 78,85 ppm respectivamente. Finalmente, o carbono
metinico na posicao 2’ foi determinado pela absor¢ao encontrada em 70,02 ppm.
Levando em consideracdo estes indicios podemos afirmar que a estrutura do
composto denominado como BOW 04 é (E)-metil-3-[2-(2 —hidroxipropan-2-il)-2,3-

dihidrobenzoufuran-5-ilJacrilato.
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TABELA 4. Dados de RMN 'H e *C de (E)-metil-3-[2-(2 —hidroxipropan-2-il)-2,3-
dihidrobenzoufuran-5-il]-acrilato (BOW 04) (CDCl3, 200 ppm ; 50ppm)

c SH (ppm) 5C (ppm)
1 121,77
3 127,85
4 156,79
9 169,56
3 78,85
CH
2 7,32 (m) 131,60
5 6,74 (d 8,0) 115,38
6 7,32 (m) 128,59
7 7,57 (d 16) 146,36
8 6,32 (d 16) 118,57
2 4,89 (sl) 70,02
CH,

3,01 (dd 5,2; 16)
1 31,89
2,72 (dd 7,2; 16)

CHs
4 1,32 (s) 25,89
5 1,26 (s) 21,34

OMe 3,74 (s) 52,01
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Elucidacao estrutural de (E)-metil 3-[2-(prop-1-en-2-il)-2,3-dihidrobenzofuran-5-
illJacrilato (BOW 05)

Na primeira tentativa da metodologia citada anteriormente, a solugao do BOW
04 foi tratada com piridina e POCI3, em banho de gelo apds o termino da reagdo. A
mistura reacional foi vertida em gelo e extraida com diclorometano, lavada com
solugdo de HCI 10%, solugdo 5% de bicarbonato de sddio e solugédo saturada de
NaCl, seca em sulfato de sédio anidro e concentrada em evaporador rotatdrio,
dando rendimento baixo (5%) por conta da formagéo de varios subprodutos. Isto foi
solucionado pela destilacado do POCI; para eliminar as impurezas, o que melhorou o

rendimento porém continuou abaixo (8 %) do obtido com o reagente de Burgess.

Em seguida foi modificada a temperatura da reagdo tentando melhorar o
rendimento, seguindo a mesma metodologia foi realizada a reagédo a 80°C em banho
de 6leo por 10 minutos. Em seguida a mistura reacional foi mantida a temperatura
ambiente por 30 minutos, dessa maneira ndo foi observada uma melhora
significativa no rendimento (APPENDINO et al, 1999)

O composto BOW-03 (plicatina B) foi tratado com (CAN) (NH4).Ce(NOy)s e
acetonitrila a temperatura ambiente por 3 horas, (PEREZ-SACAN et al., 2005). Apos

remocao do solvente, verificou-se que a reagcéo, ndo ocorreu.

O espectro de RMN 'H (Fig. 20, pag. 66) mostrou um simpleto em 3,77 ppm
referente a hidrogénios de metoxila. Também pudemos observar a presencga de dois
dupletos em 7,62 e 6,25 ppm ambos com J = 15,8 Hz, referentes aos hidrogénios

olefinicos nas posigdes 7 e 8 respectivamente. Ainda observou-se na regido dos
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hidrogénios aromaticos um dupleto em 6,78 ppm com J =8,2 Hz, referente ao
hidrogénio na posicdo 5. Ja em 7,31 ppm observou-se um multipleto, referente aos
hidrogénios na posi¢céo 6 e na posigao 2. Finalmente observou-se um simpleto em
1,75 ppm atribuido a metila na posigao 4’, um tripleto em 5,21 ppm atribuido ao
hidrogénio na posi¢ao 2’, assim como também dois duplo dupletos em 3,35 ppm (J
=9,6 ; 16 Hz) e 3,03 ppm (J = 8,4 ; 16 Hz) referentes aos hidrogénios na posicao 1’.
Um multipleto em 4,99 ppm referente aos hidrogénios metilénicos na posi¢céo 5’ .

O BOW 05 foi caracterizado entdo como (E)-metil 3-[2-(prop-1-em-2-il)-2,3-

dihidrobenzofuran-5-il]-acrilato.



TABELA 5.

Dados de RMN 'H de
dihidrobenzofuran-5-ilJacrilato (BOW 05) (CDCls, 200 ppm)

(E)-metil

C SH(ppm)

1 —

3 —-

4 —

9 —

3’ —

CH

2 7,31 (m)

5 6,78 (d 8,2)

6 7,31 (m)

7 7,62 (d 15.8)

8 6,25 (d 15.8)

2 5,21 (m)
CH;

4 3,35 (dd 9,6; 16)

3,03 (dd 8,4; 16)

5 4,99 (m)
CH3

4 1,75 (s)
OMe 3,77 (s)

36

3-[2-(prop-1-em-2-il)-2,3-
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Elucidacao  estrutural de (E)-metil 3-[2-(1-hidroxiprop-2-en-2-il)-2,3-
dihidrobenzofuran-5-ilJacrilato . Bowdenol (BOW 06)

O espectro de RMN "H (Fig. 23 pag. 69) mostrou um simpleto em 3,75 ppm
referente a hidrogénios de metoxila. Ainda, podemos observar a presenca de dois
dupletos em 7,63 ppm e em 6,24 ppm com J =19,9 Hz, referentes aos hidrogénios
olefinicos nas posigdes 7 e 8 respectivamente. Na regidao dos aromaticos observou-
se um dupleto em 6,76 ppm com J =8,3 Hz referente ao hidrogénio na posicéo 5, e
em 7,28 ppm observou-se um dupleto referente ao hidrogénio na posicéao 6. Um
simpleto em 7,33 ppm foi atribuido ao hidrogénio da posi¢cédo 2. Também observou-
se um multipleto em 5,35 ppm atribuido ao hidrogénio na posigao 2’, assim como
também dois duplo dupletos em 3,37 ppm (J =8,9; 15,7Hz) e 3,13 ppm (J =8,9; 15,9
Hz) referentes aos hidrogénios na posicdo 1. Hidrogénios olefinicos foram
evidenciados através de dois dupletos em 4,23 e 4,22 ppm referentes aos
hidrogénios na posigao 4’. Finalmente um multipleto em 5,25 ppm referente aos

hidrogénios na posic¢ao 5. .

No espectro de RMN'*C (Fig.24 pag. 70) foram observadas 15 absorcdes, em
51,72 ppm, foi atribuida ao carbono de metoxila, em 34,95 ppm observamos uma
absorgao atribuida a C-1’, o carbono da carbonila, encontra-se em 168,04 ppm, o
carbono na posigao 4 foi atribuido a absorgédo em 161,64 ppm. Os carbonos do anel
aromatico foram identificados pelas absor¢cdes em 127,78 ppm do carbono na
posicdo 3, em 124,61 ppm atribuida ao carbono na posi¢ao 2, em 129,83 ppm
referente ao carbono na posicdo 6 e em 109,88 ppm do carbono na posi¢cdo 5. Os
carbonos nas posigdes 7 e 8 foram identificados pelas absor¢oes em 145,06 e

114,98 ppm respectivamente. Os carbonos quaternarios 1 e 3’ foram identificados
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pelas absor¢cbes em 127,85 e 147,32 ppm respectivamente. O carbono na posi¢ao
2’ foi determinado pela absor¢gao encontrada em 84,50 ppm e a absorgédo em 62,11
ppm atribuida ao carbono na posicao 4’. Finalmente a absorcdo em 112,68 ppm foi

atribuida ao carbono na posicao 5'.

A andlise dos espectros bidimensionais (HMQC-"Jcn) (fig. 25, pag. 71)
permitiu correlacionar os nucleos de "*C com os 'H a eles diretamente ligados
(acoplados) em: 5 7.33 (H-2) com 124.61 (C-2); & 6.76 (H-5) com 109.88 (C-5); 6
7,28 (H-6) com 129.83 (C-6); & 7.63 (H-7) com 145.06 (C-7); & 6.24 (H-8) com 114.98
(C-8); 8 7.28 (H-2’') com 84.50 (C-2’); 6 3.37 € 3.13 (H-1’) com 34.95 (C-1’); 6 4.23 e
4.22 (H-4’) com 62.11 (C-4’); 6 5.27 e 5.23 (H-5’) com 112.68 (C-5’) e & 3.75 (CH30-
10) com 51.72 (CH30 -10)

Utilizando as correlagdes a longa distancia (HMBC — 2J e 3Jc) (fig. 26, pag.
72) foi possivel atribuir inequivocamente os acoplamentos entre '*C e 'H distante 3
ligacdes (*Jcn) em: & 6.24 (H-8) com 127.85 (C-1); & 7.33 (H-2) com 161.64 (C-4); &
7.28 (H-6) com 161.64 (C-4); 8 7.63 (H-7) com 168.04 (C-9); 6 3.75 (H-10) com
168.04 (C-9); 6 7.33 (H-2) com 129.83 (C-6); & 7.33 (H-2) com 145.06 (C-7); & 7.28
(H-6) com 145.06 (C-7); 8 7.33 (H-2) com 62.11(C-4) e 8 7.33 (H-2) com 112.68(C-5’)
ppm.

Tomando em conta estes indicios podemos afirmar que a estrutura do
composto denominado como BOW 06 & (E)-metil 3-[2-(1-hidroxiprop-2-en-2-il)-2,3-

dihidrobenzofuran-5-ilJacrilato
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TABELA 6. Dados de RMN 'H e *C de (E)-metil 3-[2-(1-hidroxiprop-2-en-2-il)-2,3-
dihidrobenzofuran-5-ilJacrilato. Bowdenol (BOW 06) (CDCl3, 500 ppm ; 125ppm)

APT/HMQC HMBC
Carbono
(ppm) S (13C)a S (1H)b, d s (2J e 3JCH)C
C
1 127.85 - 6.24 (H-8)
127.78 - -
4 161.64 - 7.33 (H-2); 7.28 (H-6)
9 168.04 - 7.63 (H-7); 3.75 (H-10)
3 147 .32 -
CH
2 124.61 7,33 s (1H) -
5 109.88 6.76 d (1H)(8.3Hz) -
6 129,83 7.28 d (1H)(8.3Hz) 7.33 (H-2)
7 145.06 7.63 d (1H)(15.9Hz) 7.33 (H-2); 7.28 (H-6)
8 114.98 6.24 d (1H)(15.9Hz) -
2’ 7.28 dd (1H)(9.5 e 8,3Hz) -
84.50
CH-
3.37 dd (1H) (15.7 e 9.5Hz)
1 34.95 3.13 dd (1H) (15.7 e 8,3Hz) -
4.23 d (1H) (13.7Hz)
4 62.11 4.22 d (1H) (13.7Hz) 7.33 (H-2")
5 112.68 5.27 7.33 (H-2")
5.23
CH;
OMe 51.72 3.75 s(3H) -



40

Identificacao da Riparina lll

A metodologia aqui utilizada para a preparagao da riparina lll foi em duas
etapas: 1.-preparacao do éster metilico do acido 2,6 dihidroxibenzoico. Esta reagao
€ simples apesar do baixo rendimento e do material que n&o reagiu pode ser
reaproveitado. 2- A segunda etapa foi a utilizagdo da reacdo de Schotten-Bauman
a partir do éster metilico do acido 2,6-dihidroxibenzoico com 4-metoxifenetilamina. O
rendimento desta reagdo foi maior (45%) em relacdo metodologia encontrada na
literatura (30%) (SEIXAS, 1996).

A identificagéo da riparina Il obtida pela nova metodologia, foi feita através da
comparagao dos dados espectroscopicos obtidos com os da literatura (BARBOSA
FILHO et al, 1987; SEIXAS, 1996), dados que estdo contidos nas seguintes tabelas:
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Tabela 7. Dados comparativos de RMN "H da riparina Ill (Fig. 27, pag. 73)

Riparina lll Isolada

Riparina lll sintese

Riparina lll sintese

C (60 ppm, CDCI3) & anterior atual
(400 ppm, CsDsN) & (200 ppmCDCI;) &

1 e e

2 e s s

3 6,50dJ=8Hz 6,70dJ=8Hz 6,46dJ=8Hz

4 7,20tJ=8Hz 7,26tJ=8Hz 7,14 m

5 6,50dJ=8Hz 6,70dJ=8Hz 6,46 dJ=8Hz

6 e e s

T

2 7,18dJ=8Hz 7,26dJ=8,6 Hz 7,14 m

3 6,85dJ=8Hz 6,91dJ=8,6 Hz 6,81dJ=8,6 Hz

4 e e e

5’ 6,85dJ=8Hz 6,91dJ=8,6 Hz 6,81dJ=8,6 Hz

6’ 7,18dJ=8Hz 7,26dJ=8,6 Hz 7,14 m

7 285tJ=7Hz 291tJ=7Hz 284tJ=7Hz

8’ 3,63tJ=7Hz 3,82tJ=7Hz 3,65m
OH-2 14,5s 14,15 sl 10,6 sl
OH-6 145s 14,15 sl 10,6 sl

NH 8,92s 9,55 sl 8.95s
OMe 3,69 s 3,62s 3,72 s

Tabela 8. Dados comparativos de RMN '*C da riparina Ill (Fig. 30, pag. 76)

Riparina lll Isolada

Riparina lll sintese

Riparina lll sintese

C (20 ppm, CDCI3) ppm anterior atual
(100 ppm, CsDsN) ppm (50 ppm, CDCl;)

Ppm
1 103,3 104,78 102,86
2 160,0 162,58 159,71
3 108,2 108,48 108,14
4 133,4 134,22 133,67
5 108,2 108,48 108,14
6 160,0 162,58 159,71
1 131,0 132,15 130,49
2 129,8 130,72 129,62
3 114,2 114,95 113,96
4 158,4 159,25 158,12
5 114,2 114,95 113,96
6’ 129,8 130,72 129,62
7 34,7 35,42 34,32
8’ 41,0 41,68 41,07
OMe 55,3 55,56 55,12
C=0 170,6 171,99 170,55
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Elucidagao estrutural dos derivados das riparinas

Elucidacao estrutural de N-fenetilbenzamida (Rip-a)

No espectro de RMN 'H (fig. 32, pag. 78) observamos em 7,81 ppm um duplo
dupleto (J = 2,0; 8,0) referente aos hidrogénios nas posi¢cdes 2 e 6. Em 7,45 ppm
observa-se um multipleto atribuido aos hidrogénios nas posigdes 3,4 e 5. Ja em
7,24 ppm observa-se um multipleto que foi atribuido aos hidrogénios nas posigoes
2,3,4, 5 e6. Em 3,47 ppm encontra-se um multipleto com J = 6,8 referente ao
hidrogénio na posicado 8, também observa-se um tripleto em 2,83 ppm com J = 7,8
referente ao hidrogénio na posicdo 7. Finalmente observa-se um simpleto largo em
8,57 ppm atribuido ao NH.

5!

Elucidacao estrutural de N-[2-(3,4-dimetoxi-fenil)-etil]-benzamida (Rip-b)

No espectro de RMN 'H (fig. 35, pag. 81) observamos em 7,82 ppm um duplo
dupleto (J = 1,8; 7,8) referente aos hidrogénios nas posicoes 2 e 6, em 7,45 ppm
observa-se um multipleto atribuido aos hidrogénios nas posi¢des 3,4 e 5. Ja em
6,81 ppm observa-se um simpleto que foi atribuido ao hidrogénio na posicéo 2°. Em
6,84 ppm observa-se um dupleto com J = 8,4 referente ao hidrogénio na posi¢ao 5'.
Também observa-se um duplo dupleto em 6,73 ppm (J = 2,0; 8,0) atribuido ao
hidrogénio na posi¢gao 6. Em 3,46 ppm encontra-se um multipleto com J = 7,6
referente ao hidrogénio na posigdo 8. Também observa-se um tripleto em 2,77 ppm

com J = 7,6 referente ao hidrogénio na posi¢ao 7. Ainda observa-se um tripleto em
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8,55 ppm com J = 5,4 atribuido ao NH. Finalmente observa-se um simpleto em 3,69

ppm referente aos hidrogénios de duas metilas nas posicoes 3’ e 4’.

, 4 _OMe
o) 6
5 L}
o N Ty OMe
4 2 H

Elucidagao estrutural de 2-hidroxi-N-fenetil-benzamida (Rip-c)

No espectro de RMN 'H (fig. 38, pag. 84) observamos em 7,28 ppm um
multipleto referente aos hidrogénios nas posigdes 3,4 e 5. Em 7,66 ppm observa-se
um duplo dupleto (J = 1,4; 8,1) atribuido ao hidrogénio na posi¢do 6. Em 6,84 ppm
observa-se um tripleto com J = 7,8 referente ao hidrogénio na posicdo 4’. Também
observa-se um multipleto em 7,28 ppm atribuido aos hidrogénios nas posic¢des 2’, 3’,
5 e 6. Ja em 3,52 ppm encontra-se um quarteto com J = 6,8 referente ao
hidrogénio na posicado 8, também observa-se um tripleto em 2,86 ppm com J = 7,8
referente ao hidrogénio na posicao 7. Também observa-se um tripleto em 8,93 ppm
com J = 5,4 atribuido ao NH. Finalmente observa-se um simpleto largo em 12,62

ppm referente ao hidrogénio da hidroxila fendlica.

5'
OH O © 4
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Elucidacao estrutural de 2-hidroxi-N-[2-(4-metoxi-fenil)-etil]-benzamida (Rip-d)

No espectro de RMN 'H (fig. 41, pag. 87) observamos em 7,83 ppm com
J = 7,6 um dupleto referente ao hidrogénio na posi¢cédo 6. Em 7,38 ppm observa-se
um tripleto com J = 7,0 atribuido ao hidrogénio na posi¢cao 5. Ja em 6,86 ppm com J
= 7,6 observa-se um tripleto que foi atribuido aos hidrogénios nas posicoes 3 e 4.
Em 6,73 ppm observa-se um duplo dupleto (J = 1,2; 8,2) referente ao hidrogénio na
posicdo 6°. Também observa-se um dupleto em 6,8 ppm atribuido ao hidrogénio na
posicao 5. Em 6,8 ppm observa-se um simpleto referente ao hidrogénio na posigao
2’. Em 3,50 ppm encontra-se um quarteto com J = 6,8 referente ao hidrogénio na
posicdo 8, também observa-se um ftripleto em 2,78 ppm com J = 7,4 referente ao
hidrogénio na posi¢céo 7. Também observa-se um tripleto em 8,87 ppm com J = 5,6
atribuido ao NH. Finalmente observa-se um simpleto largo em 12,59 ppm referente
ao hidrogénio da hidroxila, assim como também observa-se um simpleto em 3,69

ppm referente aos hidrogénios das metilas nas posicdes 3’ e 4.

Elucidacao estrutural de 2,6-diidroxi-N-fenetil-benzamida (Rip-e)

No espectro de RMN 'H (fig. 44, pag. 90) observamos em 7,24 ppm um
multipleto referente aos hidrogénios nas posigbes 3, 4 e 5. Também observou-se
um multipleto em 7,24 ppm atribuido aos hidrogénios nas posicbes 3’, 4’ e 5. Foi
observado ainda um dupleto em 6,35 ppm com J = 8,0 referente aos hidrogénios
nas posicdes 2' e 6'. Ja em 3,58 ppm encontra-se um quarteto com J = 6,8 referente
ao hidrogénio na posi¢cao 7. Também observa-se um tripleto em 2,84 ppm com J =

7,4 referente ao hidrogénio na posi¢cao 8. Um tripleto em 8,94 ppm com J = 4,8 Hz
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foi atribuido ao NH. Finalmente observa-se um simpleto largo em 12,6 ppm

referente aos hidrogénios das hidroxilas nas posicoes 2 e 6.

Elucidacao estrutural de N-[2-(3,4-dimetoxi-fenil)-etil]-2,6-diidroxi-benzamida
(Rip-f)

No espectro de RMN '"H  (fig. 47, pag. 93) observamos em 7,13 ppm com
J = 8,2 um tripleto referente ao hidrogénio na posi¢cao 4. Em 6,33 ppm observa-se
um tripleto com J = 8,4 Hz atribuido aos hidrogénios nas posigdes 3 e 5. Em 6,86
ppm com J = 8,0 Hz observa-se um dupleto que foi atribuido ao hidrogénio na
posicdo 6. Em 6,8 ppm observou-se um simpleto referente ao hidrogénio na
posicao 2’. Um dupleto em 6,75 ppm com J = 8,0 atribuido ao hidrogénio na posi¢cao
5. Ja em 3,56 ppm encontra-se um quarteto com J = 7,4 Hz referente ao hidrogénio
na posicaéo 7. Um tripleto em 2,77 ppm com J = 7,2 Hz referente ao hidrogénio na
posicao 8. Também observou-se um simpleto largo em 8,9 ppm com atribuido ao
NH. Finalmente observou-se um simpleto largo em 12,58 ppm referente aos
hidrogénios de duas hidroxilas nas posigdes 2 e 6, assim como também observou-se

um simpleto em 3,7 ppm referente aos hidrogénios das metilas nas posi¢oes 3’ e 4’.

- 2 _4+_OMe
OH O 6
6 8 : 3
5 ITI ! OMe

1 7 2

Z 2 0oH



Tabela 9. Dados de RMN 'H dos derivados das riparinas (Rip a-f) em DMSO-d6 (200 ppm).

H Rip-a Rip-b Rip-c Rip-d Rip-e Rip-f

T

2 7,81(dd 2,0;8,0) 7,82(dd1,8;7,8) W ——mmmmm e

3 7,45 (m) 7,45 (m) 7,28 (m) 6,86 (t 7,6) 7,24 (m) 6,33 (d 8,4)

4 7,45 (m) 7,45 (m) 7,28 (m) 6,86 (t 7,6) 7,24 (m) 7,13 (1 8,2)

5 7,45 (m) 7,45 (m) 7,28 (m) 7,38 (1 7,0) 7,24 (m) 6,33 (d 8,4)

6 7,81(dd 2,0;8,0) 7,82(dd1,8;7,8) 7,66 (dd 1,4;8,1) 7,83 (d 7,6)

1" e e e e

2 7,24 (m) 6,81 (s) 7,28 (m) 6,8 (s) 6,35 (d 8,0) 6,8 (s)

3’ 7,24 (m) 7,28(Mm) e 7,24 (M) e

4’ 7,24 (m) 6,872 (t7,8) - 7,24 (M) e

5 7,24 (m) 6,84 (d 8,4) 7,28 (m) 6,8 (d) 7,24 (m) 6,75 (d 8,0)

6’ 7,24 (m) 6,73 (dd 2; 8,0) 7,28 (m) 6.73 (dd 1,8; 8,2) 6,35 (d 8,0) 6,86 (d 8,0)

7 2,83 (t17,8) 2,77 (t7,6) 2,86 (t7,8) 2,78 (t7,4) 2,84 (t7,4) 2,77 (t7,2)

8 3,47 (9 6,8) 3,46 (q 7,6) 3,52 (q 6,8) 3,50 (q 6,8) 3,58 (q 6,8) 3,56 (q 7,4)
N-H 8,57 (sl) 8,552 (t5,4) 8,93 (1 5,4) 8,87 (1 5,6) 8,94 (14,8) 8,9 (sl)
2-OH s 12,628 (s) 12,59 (s) 12,6 (sl) 12,58 (s)
6-OH W e m e s 12,6 (sl) 12,58 (s)

3'-OMe - 369(s) = e 369(s) - 3,7 (s)
4’-OMe  -———-mmm- 3,69(s) e 3,69(s) - 3,7 (s)
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CONCLUSOES

Através da rota sintética inédita proposta, foi obtido o bowdenol e também
outros compostos intermediarios desta rota, sendo o intermediario chave a plicatina
B seu precursor biogenético que apresentou atividade antimutagénica (MENON et
al., 1999).

Na maior parte da obtengao dos intermediarios os rendimentos foram bons e

os produtos foram caracterizados com um bom grau de pureza

A riparina Il foi obtida através de uma nova rota simples, os analogos das
Riparinas 4a-4f foram obtidos em rendimentos que variaram de modestos a

bons,utilizando-se metodologia simples e de resultados seguros.

Os analogos encontram-se, a exemplo das riparinas naturais, sendo
submetidos a screenings farmacologicos para a determinagdo de suas potenciais
atividades farmacoldégicas, suportando futuros estudos de relagéo estrutura/atividade

nesta classe de compostos.

Os derivados sintetizados foram identificados por RMN 'H, e os dados de
RMN'3C est&o sendo obtidos.
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Figura 18. Expansao do espectro de RMN *C de (E)-metil-3-[2-(2 —hidroxipropan-2-il)-2,3-dihidrobenzoufuran-5-il]
(BOW-04) (CDCI; , 50MHz)

64



"\e

41.831

/- a“.427

43.000

T_48.578
48,145

78.054
31.810

70.017

52.007
25.842
21.344

-7 7T [ T T T T T T T T T T T T T T T T T T
80 75 70 6S 60 S5 50 45 40 35 30 25 ppm
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Figura 25. Espectro de 'Hx"*C- HMQC de (E)-metil 3-[2-(1-hidroxiprop-2-en-2-il)-2,3-dihidrobenzofuran-5-il]acrilato
Bowdenol (BOW-06) (CDCl; , 500MHz)
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Figura 26. Espectro de '"Hx'*C- HMBC de (E)-metil 3-[2-(1-hidroxiprop-2-en-2-il)-2,3-dihidrobenzofuran-5-ilJacrilato
Bowdenol (BOW-06) (CDCI; , 500MHz)

72



3. 136

I o JUL N

———— TP T [T T T[T
13 12 11 18 5 8 7 6 5 ] 3 2 1 ppm
— B ey et
.82 1.8814.41 2.73 15.27
7.14 i0.44 13.45 15.88

Figura 27. Espectro de RMN 'H de Riparina Il (CDCl; , 200MHz)
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Figura 29. Expansao do espectro de RMN 'H de Riparina Il (CDCl; , 200MHz)
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Figura 42. Expansao do espectro de RMN 'H de 2-hidroxi-N-[2-(4-metoxi-fenil)-etil]-benzamida (Rip-d) (DMSO-d6 , 200MHz)
88



OMe
OH O 6 4
2 8
’ T N 1" 3 OMe
| 7
4 5 H
5
]
o
n o
8 e
o W
<
-4
*
“ »
n @0
8w oew ~ER
o 353 it “ecn
» % ~N P ~
" Y - ' .
"0 N 9 °
(-] [ -]
-
|, 1
|1
||IIJ|E1|II}III|||ll\‘|—II'IT'IYII'Y[|IIII\Il!|||lli|ll|[ll\II!III|||ll||lll|IIIITT[IT[IIYIII!(Y'II\lllllf]l!lllllll I'IIII\FIII"TIIF'II'II
9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 ppm
12.01 12.74 : 12.98
12.41 50.51

Figura 43. Expansio do espectro de RMN 'H de 2-hidroxi-N-[2-(4-metoxi-fenil)-etil]-benzamida (Rip-d) (DMSO-d6 , 200MHz)
89



OH O : ‘ I
g J -
2 )
3 N h 3 Lf
1 I 7 2 /
4 H
6 OH
5
2 -
: g
j o~
¥
i 8
J s
T 1 L | W T ] 1 LA | T LI T T
14 13 12 11 10 9 ] 7 6 5 | 3
ey e w —— b o -
10.18 0.32 18.29 13.8%
.80 40.98 4.

Figura 44. Espectro de RMN 'H de 2,6-diidroxi-N-fenetil-benzamida (Rip-e) (DMSO-d6 , 200MHz)



! At :
7 2 .
4 H 3
6 OH -
5
e @ ~ a E
RYZnn
b~ 7Y
2 J JcL/J
~ -
L -
/’/j
38 e
™~ fd

T T T r + . T T T T . r T r . . T r T T T T T . -+
9.0 8.5 8.0 7.5 7.0 .
10.80

66.94
0.s53 21.73
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Abstract

A series of derivatives analogous o h“-bc'rmypmnnne were sy i

Imdhqu‘ B i fure. The products obtained

were: N"-4-methoxy-benzoyltryptamine, N*-2,4-dimeth

N"-3,4-dimethoxy-benzoyltryy N*-3 4-methylenedioxy-

benzoyliryptamine and N*-3,4,5-trimethoxy- bcnmyin'ypmmnc. 'JI'hcy were characterized through the usval spectrometric methods (UV, IR,
'H and '*C NMR) and showed non-selective relaxant activity in guinea-pig ileum pre-contracted with acetyicholine, histamine and KCI.

© 2005 Elsevier SAS. All rights reserved.

Key Indole afkaloids; Tryptamine; Sy

. ivity

1. Introduction

Because of their biological importance, and potentiality
as key intermediates in the synthesis of more complicated
indole alkaloids, the synthesis of indoles bearing an ami-
noalkyl or carboxyaryl group has attracted our interest, with
the indole nucleus of tryptamine consisting of an important
pharmacophore itself. Recently we have been engaged in the
synthesis and anticonvulsant activity of a structurally related
NP-2-hydroxy-benzoyltryptamine (1) derivative [ 1]. The phar-
macological activity found with this compound prompted us
to perforin the synthesis of some amide analogs (2) focusing
on the benzoyl portion of the molecule by the suitable Schot-
ten—Bauman procedure with available acid chlorides and
tryptamine was performed (Fig. 1). Thesc substances are
structurally related to the parent compound of the series,
N*-benzoyltryptamine (N-[2-(1H-Indol-3-yl)ethyl]benza-
mide), that was previously isolated as a natural product from
Myrtapsis myrtoidea, a plant of the Rutaceae family [2]. A
preliminary study concerning the structure—activity relation-
ships in these compounds was also performed.

* Corresponding author. Telk: +55 83 216 7364; fax: +55 83 216 7365.
E-mail address: jbarhosa@ltf.afpb.br (J.M. Barbosa-Filho).

0014-827X/% - see front matter & 2005 Elsevier SAS. All rights reserved.
doi: 10,101 64 farmac. 2005.04.001

2. Chemistry

For the synthesis of the substances with general structure
(2a-¢), Schotten-Baumann's technique was used, for the con-
densation of the respective benzoy! chlorides with tryptamine
in a single reaction, using triethylamine as base. Following
this simple methodology, it was possible to synthesize the
five amide derivatives (2a—e) with reasonable yields. The
compounds are, namely, N*-4-methoxy-benzoyltryptamine
(2a), N"-2,4-dimethoxy-benzoyltryptamine (2b), N"-3,4-
dimethoxy-benzoyltryptamine (2c), A*-34-methylenedioxy-
benzoyltryptamine (2d) and N”-3,4,5-trimethoxy-benzoyl-
tryptamine (2e), and were obtained in good to reasenable
yields of 53-80% in a straightforward methodology (Fig. 1).

Compound R Yield (%)
1 2-0H Refl
g R 2a 4-0Me 75
% b 24-0Me 65
2 34-OMe 63
2 340CH,0 53
p 2e 345-0Me 80
N
H

Fig. 1.
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The M-3,4-methylenedioxy-benzoyltryptamine is a new com-
pound.

3. Experimental procedures
3.1. Chemistry

Melting points are uncorrected and were determined on
an electrically heated metal block apparatus, UV spectra were
recorded on a Vankel 50 UV-Vis spectrophotometer in MeOH
as solvent. IR spectra were obtained on a Bomen Michelson
spectrophotometer using KBr. 'H and '*C NMR spectra were
recorded in CsDsN on a Varian-Mercury 200 spectrometer at
200 MHz for '"H NMR and 50 MHz for °C NMR and 2D
techniques. For the analytical TLC, precoated Merck silica
gel PR, plates were used with a 0.25 mm layer. For column
chromatography, silica gel-60 Merck was used. The
tryptamine and benzoyl chlorides were purchased from
Sigma-Aldrich and used as received.

3.1.1. N®-4-methoxy-benzoyltryptamine (2a)

To a solution of triethylamine (1 ml) and chloroform
(20 ml), tryptamine was added until total solubilization. To
this solution a solution of p-anisoyl chloride (1 g) dissolved
in chloroform (10 ml) was added dropwise over 15 min with
magnetic stirring. The reaction mixrure was left at room tem-
perature for 2 h. The solution was then washed with first 2%
HCl and then H,0, dried over anhydrous Na,S0;, filtered
and concentrated under vacuum, yielding a white powder. This
product was chromatographed on a silica gel column, eluted
with CHCly/hexane (1:1 and 8:2), CHCI, and CHCl,/McOH
(98:02). After TLC analysis, fractions 10-21 were reunited
and crystallized from CHCl/McOH (1:1). The resulting mate-
rial (2a, 75% yield) was obtained as white crystals with melt-
ing point of 134 °C (Lit. 132.5-133.5°C) [ 3] IR v,,,,, (KBr)
em™': 1179, 1257, 1437, 1455, 1507, 1607, 1615, 2847, 2937,
2977, 3011; UV A, MeOH nm: 235, 247, 256, 'H NMR
(200 MHz, CsDgN) 6: 3.36 (1H, 5), 3.64 (3H, 5), 4.07 (2H, q,
J=28.0),7.01(1H,d,/=8.8),7.25(1H,dt,/=1.2;7.0), 7.29
(IH, dt, J = 1.4; 7.0), 7.35 (1H, d, J=24), 7.60 (1H, d,
J=7.2),7.89(1H,d,/=8.0),8.31 (1H,d,J=8.8),2.09(IH,
t.J=6.0), 1 1.8 (1H, s); **C NMR (50 MHz, C;D;N) 4: 26.4,
41.4, 55.2, 112.0, 113.3, 113.9, 119.1, 119.2, 123.3, 128.5,
128.5, 129.7, 162.3, 167.3.

3.1.2. N"-2,4-dimethoxv-benzoyltryptamine (2b)

Yield of the product was 65%, orange solid from
CHCl,/MeOH (1:1), with m.p. 116 °C (Lit. reported as oil)
[47; IR vy, (KBr) em™: 1206, 1437, 1466, 1497, 1604, 1634,
2850, 2975, 3016, 3111, 3228, 3369; UV A,,, McOH nm:
225, 255, 287; "H NMR (200 MHz, C;D;N) é: 3.25 (2H, t,
J=68),3.53 (3H, 5), 3.67 (3H, 5), 4.08 (2H, q,J = 6.4), 6.57
(1H, d,J=2.2), 6.68 (1H, d, J=7.8), 7.25 (1H, dt, / = 1.2;
7.0), 7.29 (1H, dt, J = 1.4; 7.0), 7.40 (1H, d, J = 1.6), 7.62
(IH. d, J=8.2), 837 (1H, t, J=5.2), 8.61 (1H, d, J=8.6),

8.4.C. Gutierrez et al. / ll Farmaco 60 (2005) 475477

11.85 (1H, sl); '*C NMR (50 MHz, C;DN) 5: 26.0, 40.9,
55.4, 55.5, 98.9, 105.9, 112.0, 113.1, 1157, 119.2, 119.3,
121.9, 123.5, 128.4, 133.9, 1377, 159.4, 163.6, 165.2.

3.1.3. NP-3,4-dimethoxy-benzoyltryptamine (2¢)

Yield of the product was 63% as a white powder from
CHC1,/McOH (1:1), with m.p. 182 °C (Lit. 182 °C) [S]; IR
Venax (KBr) em': 1230, 1416, 1441, 1461, 1504, 1605, 2839,
2873, 2930, 3011, 3080, 3219, 3390; UV 4, MeOH nm:
220, 260, 290; "H NMR (200 MHz, C,DN) 6: 3.36 (2H, t
J=17.4),3.65(3H,s),3.72(3H, 5),4.06 (2H, q, / = 8.8), 6.96
(1H, d, J=8.2), 7.24 (1H, dt, J=1.2; 7.0), 7.32 (1H, dt,
J=14;70),7.60(1H,d,J =7.2), 7.60(1H,d,J = 2.2), 7.87
(1H, sh), 7.93 (1H, m), 7.99 (1H, d J=2.0), 9.13 (1H, t
J=5.38). ""CNMR (50 MHz, C;DN) &: 26.0, 41.5, 55.8, 56.9,
111.4,111.8,113.4,119.1,119.2,121.0, 121.7, 123.4, 128 5,
128.7, 137.6, 149.5, 152.2, 167.4.

3.1.4. NP-3,4-methylenedioxy-benzoyltryptamine (2d)

Yield of the product was 53% as a white powder from
CHCly/MeOH (1:1) with m.p. 150 °C; IR v, (KBr) em™:
1443, 1457, 1485, 1501, 1618, 1640, 2787, 2918, 2976, 3118,
3342, 3401, 3416; UV A, McOH nm: 220, 260, 290; 'H
NMR (200 MHz, CsDsN) 6: 3.35 (2H, t J = 8.0), 4.04 (2H. q
J=6.0),595(2H,5),691 (1H,dJ=86),7.24 (IH,udJ = 1.2;
7.0),7.29 (1H,tdJ = 1.4;7.0),7.35 (1H,d J = 2.4), .59 (1H,
d J=1.2), 7.86 (1H, m), 9.06 (1H, t J=6.0); '*C NMR
(50 MHz, CsD4N) &: 26.3, 41.5, 102.5, 108.1, 108.4, 112.0,
113.2,119.1,119.2,121.7, 122.6, 128.5, 137.6, 148.2, 149.7,
167.0.

3.1.5. N*-3,4,5-trimethoxy-benzoyltryptamine (5e)

Yield of the product was 80%, white powder from
CHCI;/MeOH (1:1), with a m.p. 214 °C (Lit. 165 °C [6];
200202 °C [ 71); IR v, (KBr)em™': 1127, 1233, 1413, 1458,
1503, 1586, 1635, 2855, 2938, 2959, 3013, 3297, 3363; UV
Jmax MeOH nm: 230, 260, 270; 'H NMR (200 MHz, CsD;N)
6:3.35 (2H,1J =8.0), 3.64 (3H, 5), 3.89 (3H, 5), 4.05 (2H, q
J=60),724 (1H,1dJ = 1.2, 7.0), 7.29 (1H, td J = 1 .4; 7.0},
7.36 (1H, d J = 2.0), 7.61 (1H, m), 7.62 (1H, 5), 7.88 (1H, d
J=2.0),9.25 (1H, tJ = 6.0); 3C NMR (50 MHz, C.DsN) &:
26.2,41.6,55.9,60.5,105.7, 112.0,113.3, 119.1, 119.2,121.7,
123.4, 128.6, 131.5, 137.6, 141.2, 153.6, 167.3.

3.2. Pharmacology

The tissues were suspended in 6 ml organ baths under a
resting load of 1.0 g at 37 °C. Force generation was moni-
tored using an isometric transducer (7003-UGO BASILE)
coupled to a polygraph (7070-UGO BASILE). The modified
Krebs solution: NaCl (117.0), KCl (4.7), MgS0, 7TH,0(1.3),
NaH,PO,-H,0 (1.2), CaCl,-H,0 (2.5), glucose (11.0),
NaHCO, (25.0) was bubbled with a 95% O, and 5% CO, gas
mixture before use. Drugs—NaHCO,, KCl, MgS0,-7TH,0
(Reagen); acetylcholine, CaCl,-H,0, NaCl, MgCl,-6H,0,
NaH,PO,-H,0, glucose (Merck) and histamine (Sigma-
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Table 1
Percentages valucs for retaxation of derivutes (2a—¢) in guinea-pig ileem

Substance (1074 M)*  Acetylcholine  Histamine KC1

(1 pM)* (1 pM)* (40 mM)®
2a 77.6+10L7 929+4.1 R8.7+£64
2b 1000 86.7x 1.0 1000
2c 730+ 15.1 1000 64.0+2.6
ud 75.3+£26 78114 546+ 67
le 1000 843+20 T83I+56

1 =4 for all the tests; values are given in percentage of relaxation of the
tonic contractions induced by 1 M of acetylcholine or histamine, and KCl
40 mM.

Aldrich). Data analysis—unless otherwise stated, all values
were expressed as mean + S.EM. Statistical analysis were
performed by Student’s “¢"-test, and was considered signifi-
cant when probability (P) was < 0.05. All data were analyzed
with the software package GraphPad Prism version 3.02
(GraphPad Software Incorporated, San Diego, CA 92121,
USA).

4. Results and discussion

The pharmacological effects on smooth muscle of iso-
lated guinea-pig ileum for the derivatives synthesized in
present study are listed in Table 1, with the percentages relax-
ation tested at 10~* M. The most important finding is that all
the substances tested presented spasmolytic action. The tests
were performed measuring the percentage of relaxation of
the contractions induced by acetylcholine (1 pM), histamine
(1 uM) or KC1 (40 mM).

These preliminary results showed a correlation between
the substitution patterns in the tested compounds. The 4- and
3.4-substitution drops the activity (2a, 2c and also 2d, respec-
tively), against acetylcholine-, histamine- and KCl induced
contractions. An extra alkoxy-substitution at C-5 is also tol-
erated without significant increase of activity (2e), but an ortho
group shows an increase in the tested activity. These findings
suggest that the observed effect is probably from stereo-
electronic nature.

The fact that all the substances were active reflects prob-
ably the presence of the indole core nucleus. The substances
tested relaxed the guinea-pig ileum pre-contracted by acetyl-
choline, histamine and KCl in a non-selective manner. Inde-
pendently of the contraction being evoked by either pharma-

comechanical  (acetyleoline and  histamine) or
electromechanical (KCI) coupling, the maintenance of tonic
contraction involves activation of the voltage-operated Ca*
channels (VOCC’s) [8.9]. Since the substances tested relaxed
the guinca-pig ileum pre-contracted with used contractile
agents, it is suggestive that this effect is probably due to block-
ade of Ca?" influx through VOCC'S, however further studies
will be necessary to reinforce this hypothesis.
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SYNTHESISAND STRUCTURAL CHARACTERIZATION OF A-BENZOYL-TRYPTAMINE AND ITS NEWANALOGUE
NSALICYLOYLTRYPTAMINE, A POTENTIALANTICONVULSANTAGENT
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ABSTRACT

MBc‘nmyltrypT.ammc (3), previously isolated from Mprropsic mprroides and a new 7l
and methyl salicylate, respectively. Their structural elucidation was made by the usual apcctroscoplc
COSY, COBY and HMBC. Atsalicyloyltryptamine (5) was submitted to pharmacological screening

Tohlord

L
pling tryp with benzoy

(5), were prepared by

p-salicyloyltryp

thods and two-di I NMR technig
beh , showing d effects.
Keywords: A-t yltryp , A-salicyloyltryp two-di [ NMR sp

INTRODUCTION

The isolation of reserpine in 1952 and its synthesis [1] in 1956
mofivated the study of indole derivatives and their therapeutic uses. 'I"he
indole nucleus is found in many bicactive sub es with p
and medicinal activity {2]. They include A-~A- drmq.thylh'm:mme and
S-methoxy-A-#-dimethyltryptamine, which possess psychomimetic
activity [31.

A-Benzoyltryptamine (3) is a natural product, isolated for the first
time from Afpriopsis myrfosifes, a plant of the Rutaceae family {4]. A"'
Salicyloyltryptamine (5) is a new analogue. In this work both comy

py, anti-convulsant sctivity

Figure 1. Preparation of N-benzoyltryy

Preparation of Y-salicyloyltryptamine (5)

were prepared by coupling tryp with b lchloride and methyl
salieylate, r:spcctrvchr‘
1n a preli v behavioral ning in our laboratary, only
{5) showed depressant effects on the (‘c:nlnl} Nervous System (CNS) in
mlcc iS] Therefore, we sllempled to investigate the effect of (5) on
duced by penty azole (PTZ).

EXPERIMENTAL

General Methods

UV specira were recorded on a2 VANKEL 50 UV-Vis
spectrophotometer in MeOH as solvent. IR spectra were obtained on a
BOMEN MICHELSON spectrophelometer using KBr. 'H and 'C NMR
spectra were recorded in C,DN on a BRUKER AMX 400 spectrometer at
400 Miz for 'H and 100 MHz for "*C, using 1D and 2D techniques. EIMS
were collected on a HP 5988A at 70 ¢V. For the analytical TLC, silica gel
PF ., MERCK was used with a 0.25 mm fayer: For Cofamn Chromatography,
silica gel MERCK 7733 was used. Tryptamine, benzoyl chloride, methyl

licylate and triethylamine were p 1 from SIGMA-ALDRICH.

Preparation of N-benzoyltryptamine (3}
Trypmmm (1) {3 g) was dissolved in a solution containing 3 ml of
in 60 ml of chlorof Then 3 ml of benzoyl chloride (2)

dissolved in 30 ml of CHC 1, were added dropwise. The solution was stired
for 30 min and then the rucum mixture was wa%.hed with 2% aqueous
HC, then with water, dehydrated with anhyd Ipt ieldi
an oify residue (2,5 g). Th!smsaducwaschmmogmphedenanlrm gel
column, and eluted with hexane, CHCL, and MeOH with increasing polarity
and the product was crystallized from hexane-CHCT, (9,5:0,5), atfording
80% of Abenzoyhiryplamine (3), white erystals, mp=13} °C {Hexane-
CHCL).

e-mail: mfuanderlei@itf.ufpb.br

Tryp (1) (3 g) and 3 ml of methyl salicylate (#) were kept
under reflux with magnetic stiming in 60 ml of methanol during 6 hours.
Stirring was continued for further 24 hours at room temperature. The
excess reagent was removed at reduced pressure and the oty residue (6.3
g) was chromatographed an silica gel using hexane, CHCL, and McOH
with i ing polarity. Fractiens 13-20, ing the desired product
was recrystallized from CHCI:MeOH (8:2), giving 55% of A-
salicyloyltryptamine (5), which formed a white powder with mp=153 °C
{CHC1,-MeOH).

N N

o i, Ay P

L {| j S -

b 4 E
e o i
Figure 2. Prey of Assalicyloyluyp
Animals

Male Swiss mice (25-30 g} were used threnghout this study. The
animals were randomly housed in appropriate cages at 25 =2 °C on a 12
b light/dark cycle (Tights on 06:00-18:00) with free access to food (Purina)
and water. They were ueed hm*onmmimehm Experimental

Is and procedures were approved by the Laboratbrio de Tecnologia
Famm.cum:a Am.m:ll Care and Usc Committee.

Pruogs

Pent: (PTZ), poly
{Tween 80) and cremophor were puxchasod from Sigma (USA) and
Diazepam (DZP) from CEME (Brazil). Agents were injected
intraperitoneally (i.p.J with a dose volume of Imk100g.
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Anticonvulsant activity
Fiz-induced convuisions. PTZ (60 mg/kg ip) was used to induce
clonic convulsions [6,7]. Mice were divided into 4 groups (n = 10). The

first group was used as control and received Tween 80 (0.2%) (vehicle), .

while to the second group diazepam (DZP, 4 mg/kg ip) was given. The
remaining groups received: an injection of (5} at doses of 106 and 208
mg/kg. After 60 min of drug administration, the mice were treated with
intraperitoneat PTZ at & dose of 60 me/kg amt observed for at heast 38
min o detect the aceurrenee of the first episode of forchimb choms. The
incidence of mortality was noted until 24 h after the injection of PTZ.

Statistical analysis
The data obiained were evaluated by one-way analysis of variance
(ANOVA) followed by Dunnett's ¢ test. The incidence (%} of clonic or
tonic convulsions as well as the mortality were evaluated by Fisher's
Exact Test. Differences were considered to be statistically significant
wher pr < .05

RESULTS AND- DISCESSION -

A-Benzoyltryptamine (3). The mass spectrum  of -
Benzoyltryptamine (3) showed the malecular ion peak at m/z 264,
consistent with the molecular formula C H N O. The IR specirum v__
(KBr) e cxhibited the characteristic band of N-H amd amide at 3407
and 3308 cm’', respectively. The p of the amide group was further
confirmed: by the bamd at 1649 cmr* (€=0) and 1454 crr {N-H). The EFV
spectrum: b MeOH showed sbsorptions at 226, 277 and 288 nmm,
characteristic of the indole nucleus. The mass spectrum showed a fragment
at 143 m/z consistent with indol-3-ethylene. group and others at m/z 121
and 105 suggesting & benzamide group in the molecule.

The two-dimensional NMR spectrum ¢'H x 'H-€COSY), confirmed
the indole nucleus in the molecule exhibiting coupling between H-2 (7.39
) and N-H (11.08 &), as well as the correlations & 7.92/7.24, consistent
with aromatic hydrogens.

By heteronuclear correlated two-dimensional spectroscopy NMR '/
— 'H x C-COBY it was possible to assign the coupting H-47/C4", H-2/C-
2 and H-3/C-3, besides H-8 and H-7 by its coupling with C-8 (26.91 8)
and C-7 (42.08 &), respectively.

The heteronuclear multiple bond correlation spectrum (/. “/— 'H x
BC-HMBC supported absorption for H-7 (4.10 &) through interaction
with C-3 and H-8 (3.35 &) which showed interactions with C-3 (*/) and C-
3a (/) {Table 1). The structure clucidation was also confirmed by
comparison with literature data (4, 5, 8]. When this compound was first
isolated, onty one dimensional methods were performed. In the present
work, all the hydrogen and carbon assignments were made unambiguously
based on two-di ional techmi

920
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Table 1. NMR spectral data of Mbenzoyltryptamine (3) (C,D, N, 400 MHz,
8, /= Hz)

'H x ""C-HMBC

'H x "C-COB o

¢ 8, & W 0

B Lt.86 (brsy . = 5

2 1.39 {4, £2.16 Ha) 124.13 113.65 138.26;129.08;
3 - 143,65 - -

kT - 129.68 - .

4 792 (d, /= 10 Hz) 119.80 129.08; 138.26:113.65;

122.39

S 724(dy /= Wasd LS HR o L1976 0 122.39:029.08

6 734, J=10and IS Hy) 12239 119.76; 138.26;119.80
¥ o t£= 10 Hr) 11264 12908 449,76
Ts . [78.76 - 3

K £ 13674 - .

g 8.03 fm) 128.56  136.74;129.26 131.90

: 4 T45 (m) 129.26  131.90;128.50 136.74
4" T45 (m) 131.90 179.76 128.50

5" 745 (m) t29.26 128,50 136.74

6" 8.32 (m) 128.50 131.90 128 50

T 4.10 (g, /= 6 Hz) 42.08 (375

8" T3S (1S 6 Hr) 76.9T rs.7s 179.08;124.13
NH $.20 4, F= 210 H} . - .
=0 168.50 - -

The IR spectrum of A salicyleyliryptamine (5) shewed peaks at
3125 and 166} em’ for the hing of the hydragen bond O-H and
(=0, respectively. This was also supported by the mass spectrum which
showed a fragment at m/e 137 related to the cxistence of an
orthohydroxybenmzamide mofety (C,H,NEL). A peak at m/z 286 refers to
the molecular fon, conststent with the formutr € H, N0, More details
af structural fragmentation can be seen in Figure 3.

PO R

BRI

Figure 3. Mass frag

of Asalicyloyltryptamine (5)
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The 'H NMR spectrum supported the attribution of orthohydroxy benzamide substituted at C-2" duc to the absence of a multiplet at 8.03 (H-27) which could
be seen in 3. Indeed, it shows a large singlet at 13.75 b related to a hydroxyl group, deshielded due to the formation of an intramofecular hydrogen bond with
carboxyl from the amide group localized in the ortho position in the orthohydroxybenzamide moiety.

Through the two-dimenstomat homonuclear correhrted NMR spectranr {'H x 'H-€OSY 45y 1t was possitte to assign magnctic mteractom between
the indole hydrogen N-H at 11.79 & with H-2 at 7.23 d. The two-dimensional heteronuclear correlation NMR %/~ 'H x C - COBY technique showed
the correlations between the indole hydrogen and its ive carb I ion between IT and C through */ and "/ shown in the AMBC spectrum,

allowed the unambiguously assig of hydrogens and carbons (Table 2).

Table 2. NMR speetrat datz of Acsalicyloyltryptamine (5} €€, DN, 400 MHz, & /= Hz)

'H x "C-COBI 'H x "C-HMBC
[of 8, v 7 v
L 11.79 (hrs) -
2 7.37 (d, /= 1.68 Hz) 124.01 113.52 138.25; 128.97
3 - = 113.52 - -
3a - 128.97 -
4 7.88 (d, /= 7.80 Hz) 119.72 - 113.52; 138.25; 122.42
5 7.23 (1, /= 9.32 Hz) 119.79 119.79 128.97; 112.64
6 131 (t, /= 7.46 Hz) 122.42 119.79 138.25
7 71.61 (d, ./ = 7.52 Hz) 112.64 - 128.97; 119.79
Ta - 138.25 - -
1} - 117.35 - -
i - 162.22 - -
3 7.23 (d, /= 9.32 Hz) 118.83 134.46 119.52; 117.35
4 7.42 (d, /= 7.20 and 1.04 Hz2) 134.46 118.8% r28.86
5" 6.89 (1, /= 7.56 Hz) 119.52 134.46; 128.86 - 118.83; 117.35
6" 8.23 (d, /= 7.96 Hz) 128.86 119,52 134.46
T 4.02 (q, ./ = 7.40 Hz) 41.64 - 113.52
8’ 3.33 (1, /= 7.40 Hz) 26.65 113.52 128.97; 124.01
NH 9.60 (brs) - - -
=0 - 170,95 - -
OH 13.75 fbrs) - - -

Table 3 shows in the control group that PTZ consistently induced clonic seizures in [(01% of (0 mice. However, administration of 200 mg/kg (ip) of §
increased the latency of clonic convulsions significantly different from control (p < 0.05; Dunnett's test). Similarly, the group which received DZP, the fatencies
significantly were prolonged and was observed & reduction of percentage for clonic seizures induced by PTZ.

The results showed that acute administration of 5 (200 mg/kg ip) on PTZ-induced convulsive seizures in mice significantly reduced (P < (1,05) the ingidence
of clonic seizures and mortality (as shown in Table 3). The PTZ-induced sei , is considered as an experi I model for “generalized absence seizure” [6].
PTZ may cause convulsions by inhibiting chloride ion channels associated with GABA, receptors. However, the PTZ test is particularly sensitive to GABA
mimetic drugs [7].

Table 3. Effect of A:salicyloyltryptamine (5), on PTZ-induced convulsive seizures in mice

Treatment 7 Dose {mgi‘ké)_ ) Latency of clonic seizures (s)" Percent clonic seizures Percent mortality
Vehicle 10 - 1875 = 26,3 100 70
DZP 10 4 6329 £ 589 10 0°
(5) 10 100 2374 = 13,4 60° 3o0°
(5 10 200 258,9 = 37,3¢ 60 70

m: number. of mice per group.

* Values represent mean + S.D.

v P < 0,05 (Fisher's test), significantly different from control.

< P < 0,01 (Fisher’s test), significantly different from control.

4P < 0,05 (one-way ANOVA and Dunnetts’s test), significantly different from control.
¢ P < 0,01 (one-way ANOVA and Dunnetts’s test), stgnificanthy: drtferent fromr control.

971

109



J. Chil. Chem. Soc., 51, N° 2 (2006)

ACKNOWLEDGEMENTS

The authars are grateful to CNPq for financial support and Alexander
1. Gray of Gilasgow University for the acquisition of NMR spectra.

REFERENCES

1. Woodward,  E; Barder; H; Bickeli, A. }. F.r Kierread; B W. X
Amer. Chem. Soc, 1956 7% (97 2023-2025.

2. Lednicer, D.; Mitscher, L.. A. The Orgasic Chemistry of Drug.
Synthesis. 1977, Academic Press.

3. B. R Sintaram, W. R. McLeod, Biol. Psychiatry. 1990, 28 (10): 841-
F48.

922

4. Hifrawy, M. 5. J. ¥; Sevenet, T.; Powsset, J. L.; €ave, André.
Phytocheristry, 1977, 16 (7): 1035-1039.
5. F A. Otiveira, Estudo quimico ¢ efeitos psicof: logices de

substincias indélicas, Dissertacio de Mestrado, Universidade Federal
dx Paratha, Jodo Pessoa, Paraiba, Brast, (2003).

Swinyard,E. A.; Woodhead, J. H.; White, H. S.; Franklin, M. R.
Experimental selection, quantification and evaluation of
anticonvalsants, fo: Levy, R.H. Dreyfuss, EE. Mattson, R.M
Meldrum, B.S. Penry, JK. editors. Antiepileptic dmgs. New York:
Raver Press, (198%).

Abmeids. R. N.; Navarro, . §; Assis, T 5.2 Medewes, | A . Thomas,
G. T. Fthnopharmacel., 1998, 63 (3} 247-251.

Barbosa-Filho, 1. M.; Silva, E. C.; Bhattacharyya, 1. Quimica Nova,
1990, 13 (4): 332-334.

110

110



PHYTOTHERAPY RESEARCH
Phytother. Res. 19, 1005-1008 (2005)

111

Published online in Wiley InterScience (www.interscience.wiley.com). DOIL: 10.1002/ptr.1771

Antianxiety Effects of Riparin I from Aniba
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This work presents the behavioral effects of riparin I (methyl ether of N-benzoyl tyramine) from unripe fruit
of Aniba riparia (Lauraceae) on the elevated plus maze, open field, rota rod and hole board tests in mice.
Riparin 1 was administered acutely by intraperitoneal (i.p.) and oral routes to male mice at doses of 25 and
50 mg/kg. The results showed that riparin 1 (25 and 50 mg/kg, i.p. and per os) increased the number of entries
and the time of permanence in the open arms in the plus maze test. Similarly, in the hole board test, riparin
I in both routes increased the number of head dips. Riparin I with both doses and routes had no effects on
spontaneous motor activity in mice or in the rota rod test, but decreased the number of groomings. These
results showed that riparin 1 by both administration routes has effects on the central nervous system with
antianxiety effects on the plus maze and hole board tests. The substance is devoid of myorelaxant effects.

Copyright © 2005 John Wiley & Sons, Lid.

Keywords: central nervous system; antianxiety: plus maze: hole board; riparin.

INTRODUCTION

MATERIALS AND METHODS

The species Aniba riparia (Nees) Mez, from the
Lauraceae family, is popularly known as ‘louro’ and
belongs to a genus mainly found in Central Amazonia
and Guiana comprising approximately 40 species of
lowland shrubs and trees (Barbosa-Filho et al., 1987;
Castelo-Branco et al., 2000).

Three substances with broad spectrum antimicrobial
activity: methyl ether of N-benzoyl tyramine (riparin
1), N-(2-hydroxybenzoil) tiramine (riparin II) and N-
(2.6-dihydroxybenzoil) tyramine (riparin IIT) were pre-
viously isolated from the unripe fruit of Aniba riparia
(Barbosa-Filho et al., 1987). Previous data showed that
riparin II1 obtained synthetically (Barbosa Filho et al.,
1990) has potent smooth muscle relaxant activity
(Castelo Branco et al., 1991; Castelo Branco, 1992) and
this spasmolytic effect was possibly related to a reduc-
tion of intracellular Ca* concentration (Thomas er al.,
1994). .

Recently, it was reported (Sousa ef al., 2004) that
riparin 111 also presented antianxiety and antidepres-
sant effects in mice treated with doses of 25 and 50 mg/
kg ip. These results led to investigation of the behavioral
effects of riparin 1 on animals models of locomotion,
anxiolytic and myorelaxant activities.

* Cor 1 to: Dr Cléa F go de Sousa, Department of Physi-
oloey and Pharmacology. Faculty of Medicine. Federal University of Ceard.

Animals., Male Swiss mice (30g) were used in

, each experiment and the animals were maintained

at a controlled temperature (23 + 1°C) with a 12h
dark/light cycle and free access to, water and food.
Animals were treated in accordance with the current
law and the NIH Guide for Care and Use of Labora-
tory Animals.
Drugs. Riparin 1 was emulsified with 3% Tween 80
(Sigma-USA) and dissolved in distilled water. Animals
were treated with the compound in doses of 25 and
50 mg/kg, once a day, 30 or 60 min when administered
intraperitoneally or orally respectively, before the ex-
eriments. Controls received vehicle in the same vol-
ume (10 mL/kg) and by the same route as the treated
groups. Diazepam, Unido Quimica Brazil, (1 mg/kg) was
used as a standard.

Experimental protocol. After the treatment, each ani-
mal was submitted to a series of tests as described be-
low. The experiments were done in an isolated room,
at constant temperature (23 + 1 °C) and poorly illumi-
nated with a 15 V red light. Initially, each animal was
placed inside a plus maze and observed blind for 5 min.
Immediately after the plus maze test, it was placed in
the open field area for 5 min. Finally, the animal was
removed to the rota rod where it was evaluated for

e
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Elevated plus maze test. The elevated plus maze for
mice (Lister, 1987) consisted of two perpendicular open
arms (30 x 5 em) and two closed arms (30 x 5 x 25 cm)
also in the perpendicular position. The open.and closed
arms were connected by a central platform (5 x 5 cm).
The platform and the lateral walls of the closed arms
were made of transparent acrylic. The floor was made
of black acrylic. The maze was 45 cm above the floor.
Thirty minutes or 1 h after intraperitoneal and oral trgat-
ments, respectively, the mouse was placed at the center
of the plus maze with its nose in the direction of one of
the closed arms, and observed for 5 min. The para-
meters observed were: number of entries in the open
and closed arms, and time of permanence in the open
and closed arms. Anxiolytic compounds reduce the
animal’s natural aversion to the open arms and pro-
mote the exploration thereof.

Open field test. The open field area was made of acrylic
(transparent walls and black floor, 30.x 30 x 15 cm)
divided into nine squares of equal area. The open field
was used to evaluate the exploratory activity of the
animal (Archer, 1973). The observed parameters were:
the number of squares crossed with the four paws
(locomotor activity) and the numbers of grooming
(number of times the animal stood with its forepaws)
and rearing (number of times the animal stood com-
pletely erect on its hind legs).

Rota rod. For the rota rod test, the animal was placed
with the four paws on a 2.5 cm diameter bar, 25 cm
above the floor, which was rotating at 12 rpm. For each
animal, the number of falls (up to three falls) and the
time of permanence on the bar for 1 min were regis-
tered (Dunham and Miya, 1957).

Table 1. Effects of riparin I in the elevated plus maze in mice
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Hole board test. The hole-board test for exploratory
behavior of mice was used as described previously by
Clark et al. (1971). The apparatus used was an Ugo
Basile of 60 cm x 30 cm with 16 evenly spaced holes
with inbuilt infra red sensors. For each animal, the
number of head dips into the holes was counted for
each animal for 5 min.

Statistical analysis. All results are presented as mean *
SEM. ANOVA followed by Tukey as the post hoc
test were used. Results were considered significant at
p < 0.05.

RESULTS

The results showed that in the plus maze test (Table 1)
the intraperitoneal treatment with both doses of riparin
1 presented a statistical increase in all parameters ob-
served compared with the controls. The groups treated
orally with riparin 1, at both doses, increased the number
of entries and the time of permanence in the open arms
compared with the controls. Similarly, diazepam (1 mg/
kg, i.p.) used as a positive control group increased all
parameters observed.

Table 2 shows the effects of riparin I on the open
field parameters. In this test, the groups treated
intraperitoneally with 25 and 50 mg/kg and orally with
25 mg/kg riparin I decreased the number of groomings
compared with the controls. Diazepam, at the dose used
in this test did not interfere in the locomotor activity,
rearing or grooming compared with the controls.

In the rota rod test (Table 3), there were no dif-
ferences after the treatment with riparin I, at the doses

Group NEOA®

PEOA®

TPOA" PTOA®

5.7 + 0.51(10)
8.8 + 0.61(10)°
7.8  0.46(10)
5.2 £ 0.32(10)

Control per os

Riparin 25 mg/kg per os
Riparin 50 mg/kg per os
Control j.p.

46.45 + 2.37(10)
52.31 £ 1.97(10)
51.58 + 2.14(10)
41.90 + 2.24(10)

106.5 + 6.16(10) *

134.4 + 5.78(10)°

139.9 + 8.4(10)
94.0 + 7.16(10)

45.91 £ 2.51(10)
52.42 + 1.94(10)
52.02 + 2.91(10)
42.15 + 3.22(10)

§9.61 + 3.89(9)
54.93 + 2.66(9)°
76.91 + 2.76(10)°

52.98 + 1.90(10)°
52.53 + 1.66(10)®
69.45 + 2.93(10)°

135.7 + 11.21(10)°
129.5 + 7.81(10)°
197.6 + 7.21(10)°

7.6 = 0.6(10)"
7.3 £ 0.66(10)°
11.1 £ 0.9(10)®

Riparin 25 mg/kg i.p.
Riparin 50 mg/kg i.p.
Diazepam i.p.

* Each values represents mean + SEM for the number of animals shown in parenthesis. NEOA, number of entries in the open
arms; PEOA, percentage of entries in the open arms; TPOA, time of permanence in the open arms; PTOA, percentage of time in the
open arms. )

® p < 0.05 compared with control (ANOVA and Tukey as a post hoc test were used).

Table 2. Effects of riparin 1 in open field test in mice

Group

Number of crossing®

Rearing®

Grooming®

Control per os

Riparin 25 mg/kg per os
Riparin 50 mg/kg per os
Control i.p.

Riparin 25 mg/kg i.p.
Riparin 50 ma/kg i.p.
Diazepam i.p.

53.33 £ 6.97(9)
40.8 + 2.55(10)
51.6 + 2.85(10)
48.4 + 2.35(10)
55.4 + 4.37(10)
46.3 + 4.58(10)

55.52 + 3.69(21)

6.10 * 0.88(10)
6.30 + 1.06(10)
8.90 + 0.73(10)
3.9 + 0.86(10)
4.87 + 1.55(9)
5.44 + 0.78(9)
3.56 *+ 0.8(16)

3.0 & 0.44(10)

1.0 £ 0.25(10)°

1.5 + 0.26(10)°
4.22 + 0.52(9)
2.33 + 0.44(9)°
3.44 + 0.58(9)
2.47 + 0.28(23)
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Table 3. Effects of riparin [ in the rota rod test in mice

Group Number of falls® Time of permanence (s)*
Control per os 1.1 £ 0.37(10) 55.0 + 2.27(10)
Riparin 25 mg/kg per os 0.8 £ 0.24(10) 57.5 + 0.77(10)
Riparin 50 mg/kg per os 1.5 + 0.26(10) 53.4 + 2.57(10)
Control i.p. 1.33 £ 0.3(12) 52.91 + 3.05(12)
Riparin 25 mg/kg i.p. 1.3 + 0.3{13) 53.76 + 2.22(13)
Riparin 50 mg/kg i.p. 0.91 % 0.35(12) 54.08 £ 3.13(12)
Diazepam i.p. 1.6 + 0.26(10) 55.7 + 0.86(10)

* Data are reported as mean + SEM for the number of animals shown in parenthesis.

Table 4. Effects of riparin I in the hole board test in mice

Group Number of head dips

30.11 + 0.97 (27)
40.81 + 4.64 (11)°
41.18 + 4.35 (11)*

Control per os
Riparin 25 mg/kg per os
Riparin 50 mg/kg per os

Control i.p. * 26.7 £ 1.80(10)
Riparin 25 mg/kg i.p. 30.4 + 3.4 (9)
Riparin 50 mg/kg i.p. 37.1+ 25 (9
Diazepam i.p. 45.4 + 1.27 (9)°

* Data are reported as mean + SEM for the number of animals
shown in parenthesis.

b p < 0.05 compared with control (ANOVA and Tukey as a post
hoc test were used).

and routes used, and diazepam, suggesting that none
of the drugs used in this test presented myorelaxant
activity.

In the hole board test (Table 4) the oral treatment
with both doses of riparin I increased the number of
head dips compared with the controls. The groups
treated intraperitoneally with riparin I, only at the high-
est dose (50 mg/kg), increased the number of head dips
compared with the controls. Similarly, diazepam (1 mg/
kg, i.p.) used as a positive control group increased this
parameter. '

DISCUSSION

In this work, the effects of riparin I from Aniba riparia
were studied in several behavioral animal models as
elevated plus maze, open field, rota rod and hole board
tests to evaluate its possible central activities. The tests
cited above are classical animal models for screening of
activities on the central nervous system and provide
information about anxiety, psychomotor performance
and myorelaxant activity. -

The elevated plus maze test is the most popular
test to search for new anxiolytic agents (Pellow et al.,

1985; Rodgers et al., 1997). Similar to diazepam, the.

animals treated with riparin 1 (25 and 50 mg/kg,
i.p. and per os) increased the number of entries and
the time of permanence in the open arms, reducing the
natural animal’s aversion to the open arms and pro-

i

moting the exploration thereof, indicating anxiolytic
effect. This effect was confirmed in the hole board test
which measures exploratory behavior (Crawley, 1985).
An agent that decreases this parameter reveals a seda-
tive behavior, (File and Pellow, 1985). Anxiolytics have
been shown to increase the number of head dips
(Takeda et al., 1998). Our results showed that riparin
I by both routes increased the number of head dips,
indicating an anxiolytic effect.

Data in the literature demonstrated that drugs that
alter general motor activity may give false-positive/nega-
tive results in the plus maze. Therefore the study aimed
to investigate the effects of riparin I in the open-field
test, a classical animal model used to evaluate the
autonomic effects of drugs and the general activity of
animals. The findings showed that riparin 1 (25 and
50 mg/kg) and diazepam (1 mg/kg) did not change
the locomotor activity. Thus, the present study demon-
strated that riparin I at the doses and routes that
produced an anxiolytic-like effect did not significantly
change the motor activity in naive mice.

Riparin I in both doses and through both administra-
tion routes as well as diazepam did not modify motor
coordination in the rota rod test in the protocol stud-
ied, suggesting that this substance is devoid of
myorelaxant effect. .

As far as is known, there are no studies in the litera-
ture on the central actions of riparin I. However, riparin
1 is a methyl ether of N-benzoyl tyramine, and previous
data showed that the action of tyramine increased the
release of norepinephrine (Meck et al., 2003). Some
reports cited that individuals in treatment with anti-
depressive drugs, such as monoaminoxidase inhibitors,
presented a prolonged increase in blood pressure when
ingesting tyramine-rich foods (Potter and Hollister,
1998). Recently (Sousa e al., 2004), data from our labo-
ratory using a N-(2,6-diihydroxybenzoil) tyramine
(riparin I1I) showed that this substance presented anti-
depressant-like and anxiolytic-like effects.

In conclusion, it was shown that acute treatment with
riparin 1 (25 and 50 mg/kg, i.p. and per os) presents
possible antianxiety effects on the central nervous sys-
tem demonstrated on the plus maze and hole board
tests. The results also suggest that the substance is prob-
ably devoid of myorelaxant activity, as indicated in the
rota rod model. Further work is on going in our labo-
ratory to clarify the central activity of riparin L
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Abstract

This work presents behavioral effects of methyl cthers of N+(2,6-dihydroxybenzoyl) tyramine (riparin III) isolated from the unripe fruit of
Aniba riparia on the open field, elevated plus maze (EPM), rotarod, hole board, barbiturate-induced sleeping time, tail suspension and forced
swimming tests in mice. Riparin [l was admimstered miraperitoncally to male mice at single doses of 25 and 50 me/kg. The results showed
that riparin Il with both doses had no effects on spentaneous motor activity in mice or in the rotarod test, but decreased the number of
groommg and rearing. At the dose of 50 mg/kg, riparin H increased the number of entries in the open arms of the EPM test as compared with
control. Similarly, in the hole-board test, both doses increased the number of head dips. There was a reduction on the sleeping latency with
both doses and a prolongation of the pentobarbital-induced sleeping time with the dose of 25 mg/kg. In the tail suspension test, similar to
imipramine (30 mg/kg). riparin 111 at the dose of 50 mg/kg presented a reduction in the immobility time. In the forced swimminyg test, both
doses of riparin [Tl decreased the immobility time. These results showed that riparin Il potentiated the barbiturate-induced sleeping time and

presented antidepressant- and anxiolytic-like effects.
© 2004 Elsevier Inc. All rights reserved.

Keywords: Aniba riparia; Ripanin H1; Anxiolytic and antidepressant effects

1. Introduction s

Aniba riparia (Nees) Mez, from the Lauraceae family, is
popularly known in Brazil as “louro.” The plant belongs to a
genus mainly found in Central Amazonia and Guiana which
comprises approximately 40 species of lowland shrubs and
trees {Barbosa-Fitho et al, 1987: Castelo-Branco et al.
260¢). From the unripe fruit of A. riparia, were isolated
three substances with broad spectrum antimicrobial activity:
methyl ethers of N-benzoyl tyramine (riparin 1), N-(2-
hydroxybenzoyl) tyramine (ripadn 1) and N-(2,6-dihydrox-
ybenzoyl) tyramine (riparin 11I; Fig. !). Recently, it was
reported that one of the above compounds (O-methyl-)-N-
(2.6-dihydroxybenzoyl) tyramine (riparin 111} obtained syn-
thetically (Barbosa-Fitho et al | 1998} has potent smooth

* Corresponding author. Tel: +55-R5-288-8337; fax: +55-85-288-
#333.
E-mail address: cleat@ufc br (FC.F. Sousa)

0091-3057/S - see front matter © 2004 Elsevier Inc. All rights reserved.
doi: [0, 10 L6/ pbb.2004.01.019

muscle relaxant activity {{asielo Branco et al . 1991; Castelo
Branco, 1392). Thus, _i‘n concentrations from 8§ to 30 pM,
riparin 11l antagonized acetylcholine- and histamine-induced
contractions of guinea-pig ileum, and oxytocin- and brady-
kinin-induced contractions of the rat uterus. Furthermore, in
the guinea-pig trachea, riparin il inhibited the spontancous
tone (1Csq 7.7 pM) and carbachol-induced contractions (1Csq
10 pM). The spasmolytic effect of riparin [l was investigat-
ed by Thomas et al. {1994} conceming the involvernent of
the compound in relation to Ca’' metabolism. It was
demounstrated that riparin 111 produces an inhibition of
Ca’ " influx and release of intracellular Ca® ", These results
lead to the reduction of inracetlular Ca>* concentration and
possibly contribute to the drug spasmolytic effect.

The interest of our group to study biologically active
compounds obtained from Brazilian plants led us to perform
a broad spectrum pharmacological screening of riparin HI
on the central nervous system, considering that as far as we
know, there are no studies in the literature on the central
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Fig. [. Structure of riparin (I, IT and IIT).

actions of riparin 11l. In this way, the objectives of the
present work were to study effects of riparin 11I on animal
models of locomotor, anxiolytic, myorelaxant and depres-
sant activitics.

2. Materials and methods
2.1 Animals

Male Swiss mice (30 g) were used in each experiment
and animals were maintained at a controlled temperature
(23 + 1 °C) with a 12-h dark/light cycle and free access to
water and food. Animals were treated in accordance to the
current law and the NIH Guide for Care and Use of
Laboratory Animals.

2.2. Drugs

Riparin M1 was emulsified with 2% Tween 80 (Sigma,
USA). Animals were treated with the substance at doses of
25 and 50 mg/kg ip, 30 min before the experiments.
Controls received 2% Tween 80 (Sigma) dissolved in
distilied water at the same volume as the treated groups
(10 mlkg). Diazepam (DZP) | and 2 mg/kg (Unido Qui-
mica Brazil) and imipramine (IMP) 10 and 30 mg'kg
(Geigy) were used as standards.

2.3. Experimental protocol

The animals were tested during the light period and were
observed in a closed room at constant temperature (23 + ]
°C) and poorly illuminated with a 15-V red light, except in
the forced swimming test which was ilfluminated with
normal light. Thirty minutes after the reatment, the open-
tield and rotarod tests were performed with the same
animals in the manner described below: Firstly, the animal
was placed in the open-field area for 5 min. Immediately

afier the open-ficld test, the animal was removed to the
rotarod where it was evaluated for 1 min. All the other tests
were performed in different days with other groups of
animals.

2.4. Open-field test

The open-field arca was made of acrylic (transparent
walls and black floor, 30 x 30 % 15 c¢m) divided into nine
squares of equal area. The open field was used to evaluate
the exploratory activity of the animal (Accher, 1973). The
observed parameters were as follows: number of squares
crossed (with the four paws) and number of grooming and
rearing. The animals were divided into four groups with 7-
12 animals per group.

2.5. Rotarod

In the rotarod test, the method of Dunbam and Miya
{1957} was used. The animals divided into four groups with
7-16 mice per group were placed with the four paws on a
2.5-cm-diameter bar, 25 cm above the floor, which was
turning at 12 rpm. For each animal, the lime of permanence
on the bar for | min was registered.

2.6. Elevated plus maze test

The elevated plus maze (EPM) for mice (Lister, 1987}
consisted of two perpendicular open arms (30 X 5 cm) and
two closed arms (30 x 5 X 25 ¢m) also in perpendicular
position. ‘The open and closed arms were connected by a
central platform (5 X 5 em). The platform and the lateral
walls of the closed arms were made of transparent acrylic.
The floor was made of black acrylic. The maze was 45 ¢cm
above the floor. After treatmeunt, the animal was placed at
the center of the plus maze with its nose in the direction of
one of the closed arms, and observed for 5 min, according to
the following parameters: number of entries in the open and
closed arms, and time of permanence in each of them. The
time of permanence': measures the time spent by the animal
in the open and closed arms. Anxiolytic compounds reduce
the animal’s aversion to the open arms and promotes the
exploration thereof. On the other hand, the forced or
voluntary passages of the animal into the open arms of the
EPM are associated with hormonal and behavioral changes
indicative of increased anxiety. The animals were divided
into four groups with 812 per group.

2.7. Hole-board test

The hole-board test for exploratory behavior in mice was
used as described previously by Clark et al. {1971). The
apparatus used was an Ugo Basile of 60 x 30 cm with 16
evenly spaced holes with built-in infrared sensors. In brief,
adult male mice were randomly divided into four groups
with 7-10 mice per group. Iwo groups received graded
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Fig. 2. Open-field test of groups of mice which received vehicle, riparin 111
(25 and S0 mp/kg) and DZP (2 mg/kg). (A) Number of squares crossed. (B)
Rearing. {C) Grooming. The resulls are presented as mean + SEM.
Sipnificant difference compared with conrol (* P<.05; ** P<0.01).
ANOVA and Tukey as the post hoc test. i

doses of riparin 111 (25 and 50 mgkg ip). One group
received DZP (1 mg/kg ip) and the remaining group
received vehicle to serve as control. Thirty minutes later,
the number of head dips into the holes was counted for each
animal for § min.

2.8. Pentobarbital-induced sleeping time

Thirty minutes after intraperitoneal injection of riparin 11
(25 and S0 mg/kg), vehicle (control) or DZP (1 mg/kg), ail
four groups, with 1217 animals per group, received sodium
pentobarbital (40 mg/kg) intraperitoneally. The time since the
injection up to the loss of the righting reflex is recorded as
steeping latency and the time elapsed between the loss and
voluntary recovery of the righting reflex is recorded as
sleeping time {Wambebe, 1985; Rothand e al., 1991}

2.9. Forced swimming test
The Porselt =t al. (197%) swimming test includes two

exposures (0 a water tank, spaced 1 day apart. For these
experiments, the tank sizes were 22 cm in diameter and 40

cm in height. The tank had a rounded tid and contained 20-
cm-high fresh water at 25 *C. During the first exposure, mice
not vet treated were placed in the tank and left there for 15
min. During the second exposure (test session), 30 min after
the treatment, mice were placed in the tank and left there for 5
min during which their immobility time was observed. A
mouse was considered immobile when it remained floating in
the water, without struggling, making only very slight move-
ments necessary to keep its head above the water. The animals
were divided into four groups with 8-15 per group. kach
animal was used only once.

2.10. Tail suspension test

The tail suspension test has been described by Steru et al.
{1985}, Male Swiss mice were housed in plastic cagesina 12-
h light eycle with food and water freely available. Animals
were transported from the housing room to the testing area in
their own cages and allowed to adapt to the new enviromment
for 1 h before testing. For the test, the animals were divided
into four groups with [ animals per group. Thirty minutes
afier the imjection, they were suspended by the tait on the edge
of a shelf 58 cmr above a table top by adhesive tape placed
approximately | cm from the tip of the tail. The duration of
immobitity was recorded for a period of 6 min.

2.11. Statistical analyses

The results are presented as mean + S.EM. Data were
analyzed by ANOVA followed by Tukey's post hec test.
Results were considered significant at P < .05.

3. Results
3.1. Open-field test

Fig. 2 shows that riparin 11} 25 mg/kg (riptll-25), 50 mg/
kg (riplli-50) and DZP 2 mgrkg (DZP-2) decreased the
number of groomlng {control: 3.8 & 0.7; ripl11-25: 1.7 +0.3,

704
mu
50+
40
3

Time of Permanence (s)

Control ' RipIIl-25 Ripfl[-50 DZP-2

Fig. 3. Rofa rod test of groups of mice which received vehicle, npann [H(23
and 50 mp/kg) and DZP (2 mg/kg). The figuse shows time of permanence (s).
The results are presented as mean + S.E.M. Significant difference compared
with control (***P< 001). ANOVA and Tukey as the post hoc test.
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A 10 P 3.2. Rorarod test
81 No alteration was observed in the time of permanence on
S 61 bar with both doses of riparin I and, unlikely, DZP (2 mg/
S kg) which decreased this parameter [control: 57.1 + 0.6;
& 2 DZP-2:32.4 + 7.0, F(3,47)=15.308, P< .001] as presented
in Fig. 3.
ﬁ ¥ T
Controf  Riplll-25  RipllI-50  DZP-1 3.3 EPM test
B
W *x In this test {Fig. 4), only riparin 1l 50 mg/kg signifi-
™y i cantly increased the number of entries in the open arms
= 507 (NEOA) [control: 4.4 +0.4; riplil-50: 7.1 +0.4,
g ol F(3,40)=8.979, P< .01]. Neither dose of riparin I1I altered
g-!: ek the percentage of entries in the open arms (PEOA). the time
2 of permanence in the open arms (TPOA) nor the percentage
10 1 of time of permanence in the open arms (PTOA). DZP (1
o LI LA mg/kg) treatment increased significantly all the observed
Cosik: Kt Reilor  Dawd parameters: NEOA [control: 4.4 +0.4; DZP-1: 7.7+ 0.3,
C F(3,40)=8.979, P< .00I]; PEOA [control: 42.9 £ 2.1;
] g DZP-1: 55.8 + 1.9, F(3,39)=9.950, P<.001]; TPOA [con-
trol: 77 +7.4: DZP-1: 125.6 £ 8.6, F(3,40)=10.502,
= 100 - P<.001] and PTOA [control: 31.9 +2.4; DZP-1:
- T 51.8 +3.3, F(3,39)=11.439, P< .001].
g 50 3.4. Hole-board test
” Similar to DZP (1 mg/kg), riparin 11 at both doses (Fig. 5}
Y et . L increased the number of head dips [control: 34.2 + 2.5; riplll-
Cooliit:  Rwtas. Wal-m B 25: 45.1 £1.4, F(3,32}—7p.8t]l. P <.05; rip!!I?SO:
D 48.8 + 3.3, F(3,32)=7.811, P< .001; DZP-1: 46.1 + L5,
60 b F(3,32)=7.811, P< .0!] as compared to conurols.
-~
?3 4 3.5. Pentobarbital sleeping time
<
E 20 The absolute values of the sleeping latency and sleeping
10 time are presented in Fig. 6. The intrapentoneal freatment
o ot : St M. with riparin HI (25 and 50 mg/kg) and DZFP (I mgkg)
Control Riplil-25  Riplll-50 DZP-1 '

Fig. 4. Plus-maze test of groups of mice which received vehicle, riparin HH
(25 and 50 mg/kg) and DZP (1 mg/kg). (A) NEOA: number of entries in the
open arms; (B) PEOA (%) percentage of entries in the open arms; (C)
TPOA (s): time of permanence in the open arms; (D) PTOA (%):
percentage of time of permanence in the open arms. The resulis are
presented as mean + S.EM. Significant difference compared with controt
(**P<OL; *** P< 001). ANOVA and Tukey as the post hoo test.

F(3,35)="7.224, P<.01; riplll-50: 1.8 + 0.4, F(3,35)=
7.224, P<.05; DZP-2: 1.1 £0.3, F(3,35)=7.224,
P<.001] and ripacn 25 and 50 mgkg decreased the
number of rearing [control: 5.2 +1.4; riplll-25:
1.9+ 0.4, F(2,27)=4.697, P<.05; rplll-50:1.8+0.4,
F(2.27)=4.697, P<.05). DZP (2 mgkg) treatment did
not alter the number of rearing but decreased the number
of crossings [contrel:50.7 £2.9;DZP-2:24.3 £ 7.6,
F{3.40)=6.936, P<.01] as compared to controls.

60 L ok
* &

p
s

Number of head dips

L r L

Riplll-25 RipHI-50 DZP-1

-]

Control

Fig. 5. Hole-board test of groups of mice which received vehicle, riparin 111

25 and 50 mg/kg), and DZP (| mg/kg). The figure shows the number of
head dips. The results are presented as mean + S EM. Significant
difference compared with control (*P<.05; +4P<.0l; *** P< 001).
ANOVA and Tukey as the post hoc test.
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200 -
A O
. L ‘;
e . g 150 - T
> =
e 300+ k¥ b
% LR L g 100 -
-:: 200 % ko
£ £ 7
2 100 A g
g - i 4
- i . Control  RipllI-25  Riplll-50  IMP-30
Control  Ripl1-25  Ripl-50  DZP-1
B Fig. 8. Tail suspension test of groups of mice which received vehicle,
o 6000 F—_— riparin 111 (25 and 5¢ mg/kg) and imipramine (30 mg/kg). The figure shows
e 5000 - immobility time (s). The results are presented as mean . S.E.M. Significant
g 3 difference compared with control (** P<.01; *** P< (001). ANOVA and
= 4000 4 * Tukey as the post hoe test.
w3006
= = -
‘B 2006 4 - i i § AT .
3 i 1 A rcated with imipramine mg'kg,
2 1000 | ' Similarly, animals trcated with 10 mg/kg, as
Z e : l expected, showed a decrease in the immobility time [IMP-

Controf  Rip(fi-25  Riplll-50  DZP-1

Fig. 6. Effects of mice treatment with riparin [If (25 and 50 mg/kg ip)
on steep latency time (A) and sleeping time (B} caused by pentobarbital
{40 mg'kg). The results are presented as mean £ S.EM. Significant
difference compared with control (* P<.05; *** < 00]1). ANOVA and
Tukey as the post hoe test.

resubted in a statistically significant decrease in sleeping
latency [econtrol: 328.7 + 24.5; ripll}-25: 210.5 + 16.8, F(3,
53)=9.879, P<.001; riplll-50: 248.6 +20.4, F(3,53)=
9.879, P<.05: DZP-1: 187.6 £9.2, F(3,53)=9.879,
P£<.001} and increase in sleeping time [control:
2001 £ 185.3; riplll-25: 2756.5 £ 147.2, F(3,48)=137.453,
P< 05;DZP-1:4769.2 £340.4, F(3,48)=37.453, P< .001}].

3.6. Forced swimming test

In this test {Fig. 7), animals treated with both doses of
riparin 111 showed decreases in their immobility times [con-
trol: 96.8 + 6.9; riplll-25: 66.6 £ 6.8, F(3,40)=23.912,
P< 05; nopll-50: 51.3 7.2, F(3,40)=23.912, P< .001].

8

k%

k%

Imobility time (s)
- %8858

Control  Ripllf-25  Ripifi-50  [MP-10

Fig. 7. Forced swimming of groups of mice which received vehicle, riparin
I {25 and 50 mgkg) and imipramine (10 mg/ke). The figure shows
inmobility time (). The resulis are presented as mean + 5.E.M. Significant
difference compared with control (* P< 05; *** P< 001} ANOVA and
Tukev as the post hoc test.

10: 18.1 £2.7, F(3,40)=23.912, P< 001].
3.7. Tail suspension test

Fig. & shows that riparin 111 50 mg/kg reduced in 64% the
immobility time feontrol: 140+ HLB; ripitl-50: 90.2 £+ 11.0,
F(3,39)=27.494, P< 01] similar 1o imipramine 30 mg/'kg
[IMP-30: 26.2 £ 4.6, F(3,39=127.494, P< 001}, as com-
pared to control.

4. Discussion

In this work, the effects of riparin Il from 4. riparia
were studied in several animal models, such as open-field,
rotarod, EPM, hole hoard, barhiturate-induced sleeping
time, tail suspension and forced swimming tests to evaluate’
its possible central activity. These tests are classical models
for screening central nervous system aetions providing
information about psychomotor performance, anxiety,
myoselaxant activity and depression.

The effects 'of riparin 11l in the central nervous system
were evaluated by the potentiation of sodium pentobarbital
steeping time. Decrease in sleeping latency and increase in
sleeping time are classically related to central nervous
system depressant drugs (Willianson et al., 1994}, However,
this test is not specific because compounds that interfere
with biotransformation of pentobarbital by cytochrome
P450 complex can show the same effects as central nervous
system depressant drugs (Goloubkova et al, 1998% Owr
results showed that riparin 18, in both doses, decreased the
sleeping latency time and with the dose of 25 mg'kg,
increased the sleeping time, suggesting a potentiation of
pentobarbital sleeping time. Although riparin 111 50 mg/kg
presented lower absolute value as compared to the dgse of
riparin 25 mg'kg, there was no significant difference be-
tween them. Thus, we assume that the maximum effect of
riparin 11l on the sleeping time was already produced by the
dose of 25 mg/kg.

119



120

32 FCF Scusa et al. / Pharmacology, Biechemistry and Behavior 7§ (2004} 27-33

The EPM test is the most popular test to search for new
benzodiazepine-like anxiolytic agents (Pellow et al. 1985;
Rodgers et ai., 1997). Similar to DZP, animals wreated with
riparin 111 (50 mg/kg) increased the number of entries in the
open arms, reducing the animal’s aversion to the open arms
and promoting the exploration thereof, indicating anxiolytic
effect. This effect was confirmed in the hole-board test
which measures exploratory behavior {Crawicy. 1985). An
agent that decreases this parameter reveals a sedative
behavior (File and Pellow, 1983). Anxiolytics have been
shown 1o increase the number of head dips (Takeda ot al,

1988}, Our results showed that riparin 11l with both doses
increased  the number of head dips, indicating anxiolytic
effect.

On the basis of the clinical association of depressive
episodes and stressful life events, many of the animal
models for the evaluation of antidepressant drug activity
assess stress-precipitated behaviors. The two most widely
used animal models for antidepressant screening are the
forced swimming and tail suspension tests. Although the
relationship between immobility (a posture thought to
reflect a state of “behavior despair” in which animals have
given up the hope o escape) and depression remains
controversial (Gacdier asd Bouoe, 2061), it is well demon-
strated that drugs with antidepressant activity reduce the
time during which the animals remain immobile (Porsoit et
al., 1977; Borsini and Meli, 1958} In our results, a signit-
icantly reduced immobility time for mice in both tests was
observed, although to a smaller extent, in the tail suspension
test. These behavior effects are similar to those that we and
other investigators have obsecrved afler treatment with a
classical antidepressant drug, such as imipramine {Porsolt ot
al.. 1U77; Borsinl and Meli, 1988}

Dama in the literature demonstrated that drugs that alter
general motor activity may give false-positive/negative
results in the forced swimming test. In this way, we decided
to study the effects of riparin 11t in the open-field test, a
classical animal model used to evaluate autonomic effects of
drugs and general activity of animals (Novas ot al.. 1988),
Our findings show that riparin 11 (25 and 50 mg/kg) and
DZP (1 mg/kg) did not change the locomotor activity,
different from DZP at the dose of 2 mg/kg, which decreased
the number of crossings. Thus, the present study demon-
strated that riparin 111, at doses which produced antidepres-

t- and anxiolytie-like effects, did not significantly change
motor activity in naive mice. Therefore, it is unlikely that
these eftects of riparin 111 observed in the forced swimming
and plus-maze tests are based on the stimulation of general
metor activity. Furthermore, this compound did not alter the
time of permanence on the bar in the rotarod test, differently
from DZP (2 mg/kg), which decreased this parameter. The
failure of riparin 11l in the motor coordination test is
suggestive that the activity of the substance might not be
exerted through peripheral neuromuscular bleckage, but
rather, elicited centrally. Thus, together, these experiments
support the idea that riparin 1l plays a major role in

depression and anxiety with antidepressant- and anxiolyt-
ic-like properties.

As far as we know, there are no studies in the literature
on the central actions of riparin 111. However, riparin 111 is
an N-(2,6-dihydroxybenzoyl) tyramine, and previous data
showed that the spectrum of tyramine actions are similar to
those of norepinephrine. In fact, some reports related that
tyramine-rich foods when ingested by individuals taking
antidepressant drugs, such as monoamino oxidase inhibi-
tors, might result in a prolonged increase in blood pressure
iPotter and Hollister, 1998). Another work reported that p-
synephrine has an antidepressant-like activity in murine
models of forced swimming and tail suspension tests {Kim
e al,, 2001). Furthermore, these points must be taken into
consideration concerning the antidepressant effects of
riparin 111

In conclusion, we showed that acute treatment with
riparin 11f (25 and 50 mgkg) potentiated the barbiturate-
induced sleeping time and presents antidepressant-like effect
as demonstrated in the forced swimming and tail suspension
tests and also presents anxiolytic-like effect in the plus-maze
and hole-board tests.
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Abstract

Two muscular relaxants (MR), methyl ethers of N-benzoyl tyramine (Riparin I) and N-(1,6-dihydroxybenzoyl) tyramine (Riparin [} were
studied with X-ray diffraction (XRD), optical spectroscopy and semi-empirical calculations. The XRD data show that the C=0 group in
Riparin I is 34° out of plane from the closest benzene ring. The abinitio calculations using RHF/6-31G* suggest that the dihydroxybenzoyl
(DHB) group in Riparin 111 forms intramolecular hydrogen bond between the H of the O-H group and the O of the C=0 group, and gives a
relatively planar structure between DHB group and C=0 group. The spectral analysis together with the excitation energy calculations using
the ZINDO program showed that the absorption band at 309 nm in Riparin III, absence in Riparin I, is assigned to the w—7* transition
associated mainly from the DHB. A long range charge-transfer (CT) transition, as the low-lying exciled electronic state, Sy has been
calculated for both relaxants involving the non-bonding electron on carbonyl and/or amine group and the antibonding orbitals of aromatic
ring. The planar structure of Riparin ITT and its extensive electron delocalization may have an important role on the pharmacological action
mode and on the potency this MR as compared to those of Riparin I.

© 2005 Elsevier B.V. All rights reserved.

1. Introduction

‘The methyl ethers of N-benzoyl tyramine and of N-(1,6-
dihydroxybenzoyl) tyramine are named Riparin 1 and
Riparin LI, respectively. The molecular structure of Riparin
1 is shown in Fig. 1A as determined by X-ray diffraction
(XRD) and that of Riparin 1ll is shown in Fig. IB as
simulated by abinitio RHF/6-31G* method. The molecular
difference is a dihydroxybenzoyl (DHB) group in Riparin I
and a benzoyl group in Riparin I. These molecules are
isolated from the unripe fruit of the Aniba riparia, a
Lauraceous popularly known as ‘louro’ that grows in the
Humaita region of the Amazon state, Brazil and/or
synthesized by Barbosa Filho et al. [1,2].

* Corresponding author. Tel.: -+ 1 815 753 6861 ; fax: + 1 815 753 4802.
E-mait address: ctlin@niuw.edu (C.T. Lin).
! Current Address: Depar to de Quimica, Universidade Federal da
Paraiba, Campus I, CP: 5093, CEP: 58051-970, Jodo Pessoa, PB, Brazil.

0022-2860/% - see front matter © 2005 Elsevier B.V. All rights reserved.
doi: 10.1016/j. molstruc.2005.06.018

Riparin | and Riparin 111 have an antimicrobial activity,
but the most important of their pharmacological actions are
as a potent relaxant of the smooth muscles and skeletal
muscles. Riparin 111 has been tested to be twice more potent
as a muscular re'l,axan_l than the Riparin 1 [1,2]. The skeletal
muscle is cunLrol‘lcd by the central nervous system and
works through electrical impulses from the brain or the
spinal cord. The contraction mechanism of the skeletal
muscle is less sensitive to drugs action than the smooth
muscle. The smooth muscles are found in the internal organs
of the human body and one of their functions is to control
the blood vein’s diameter. The drug which produces the
relaxation of the smooth muscle, reduces the blood pressure,
that may be useful in the hypertension treatment and
atherosclerosis, and in reducing the risk of cardiovascular
complications [3].

In spite of the pharmacological importance of these
riparins, no study on the structure and activily relationship
has been reported in literature. In this paper, we present the
results of a comprehensive investigation of electronic
structures of Riparin 1 and Riparin 111, including optical
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Fig. 1. Molecular structures: (A) Ripazin | determined from XRD; the
thermo-ellipsoids are drawn st 50% probability level, and (B) Riparin 11
simulated by abinitio and ZINDO calculations.

spectroscopy, X-ray diffraction, abinitio calculations using
the RHF/6-31G* method contained in the PC SPARTAN
program [4] and semi-empirical calculations using the
ZINDO program [5]. The electronic and structural proper-
ties of Riparin | and Riparin 111 will be correlated with the
potency of the drugs and their possible action modes [6,7].

2. Experimental
2.1. Crystal growth

The samples of Riparin 1 and Riparin 111 were prepared
by one of our collaborators in pure form for spectroscopic
study, but to obtain a single crystal, they were re-
crystallized using a solvent mixture of methanol:water in
a 2:1 volume ratio. The solutions were put in a small
Erlenmeyer flask with a thin bottle-neck and sealed with a
parafilm, on which a tiny hole was made for solvent to
slowly evaporate. The attempt to obtain a good quality
single crystal, for a reliable crystal structure determination
by the x-ray diffraction, was successful only for Riparin L.

2.2. Spectroscopic and instrumentation techniques

Absorption spectra were recorded on a Perkin—Elmer
Lambda 19 UV-vis spectrophotometer. The emission
spectra were measured for Riparin I dissolved in ethanol
and for Riparin 11l dissolved in methylcyclohexane (MCH)
and ethanol. The samples were sealed in quartz ampoules
and placed inside a liquid nitrogen optical Dewar at 77 K.
The 313 nm band was selected from a 200 W Hg (Xe) lamp
(Oriel Corp., Stratford, CT) and was used to excite the
samples. The excitation wavelength was isolated using a 10-
cm optical path length filter containing a NiSQ4-6H,0
(200 g/L) solution, attached to a UG11 filter from Schoit
glass filter (Schott Technology, Inc., Duryear, PA). The
emission spectra were detected by an EMI 9789QB

photomultiplier (Thomm EMI Gencom Inc. Fairfield, NJ)
attached to a 1/2 m spectrometer (Jarrel-Ash Division/-
Fisher Scientific Co., Waltham, MA).

For FTIR analysis, the samples of Riparin 1 and Riparin
1 were prepared in the optically transparent KBr pellets,
and the spectra were recorded by using an AT1 Mattson
Genesis FTIR spectrometer.

All solvents used in this study are spectroscopic grade
and were purchased from Aldrich Chemical Company (St
Louis, MO), except for ethanol-dehydrated 200 proof that
was purchased from Pharmco products, Inc. (DSP-CT18
Brookfield, CT). Deionized and doubly distillated water was
used to prepare the aqueous solutions.

3. Results and discussions

3.1. Crystallographic structure determination
of the Riparin I

Several crystals of the Riparin I molecule were indexed
on a Bruker SMART CCD diffractometer using 40 frames
with an exposure time of 20s per frame. All of them
exhibited the same triclinic cell. One of them was used for
data collection. A total of 2744 reflections were collected in
the hemisphere of the reciprocal lattice of the triclinic cell,
of which 1816 were umique with R(int)=0.0238. An
empirical absorption correction using the program
SADABS was applied to all observed reflections. The
structure was solved with the direct method using the
SHELXS and SIR97 programs [8,9]; both programs yielded
the same structure. Full matrix least square refinement on P
was carried out using the SHELXTL program [8]. The final
agreement factor values are R1=0.0737, wR2=0.1640 (/>
20). The unit cell informaton and refinement details for
Riparin 1 are reported in Table la. The atomic positions and
equivalent isotropic displacement parameters are listed in
Table 1b. Selected bond lengths and angles for Riparin 1 are
listed in Table lc.

The ORTEP plot of the structure of Riparin 1 is shown in
Fig. 1A. The C=0 group in the structure is not in the same
plane of the closest benzene ring. It is 34.0° out of the plane.
The two benzene rings on the opposite sides of the structure
are also 71.74° rotation to each other. Each molecule makes
a hydrogen bond with another one in an adjacent cell. The
O-H contact is 2.16 A and the O-H-N angle is 153.3°.
The X-ray structure of Riparin I is used for simulating the
molecular stracture of Riparin 111, and also for calculating
the electronic structures of both Riparin | and Riparin 111 as
will be described below.

3.2. Absorption spectra
Fig. 2 shows absorption spectrum of Riparin 1 in A and

that of Riparin 1l in B, both dissolved in MCH at a
concentration of 1X10™* M. The spectrum 2A has four
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Table 1a Table Ic

Crystal data and structure refinement for Riparin 1 Bond lengths (A) for Riparin |

Emgirical formula CeH;;NO; N-C(3) 1.331(4) C(14)-0(15) 1.374(5)

Formula weight 25531 N-C(2) 1.450(4) O(14)-C(141)  1.407(5)

Temperature 2932 K [ =aq 1)) 1.502(5) C(15)-C(16) 1.361(5)

Wavelength 071073 A o102 L511(5) C21)-C(26) 1377(4)

Crystal system Triclinic C(3)-0(3) 1.234(4) C21)-C(22) 1.382(5)

Space group P—1 . c3-ozh 1.493(4) a2)-023) 1.375(5)

Unit cell dimensions  a=5.1508(13) A a=99.156(4)° C(11)-CX(12) 1373(5) C(23)-0(24) 1.373(6)
b=81752) A B=95.395(4)° CUN-CI6)  13895) C4-025)  1371S)
c=16321(4) A 7+ =90.563(5)° C(12)-C(13) 1.336(5) €(25)-C126)

Volume, Z 675303) A, 2 1.374(5)

Density (calculated)  1.256 Mg/m Q13)-0(14) 1.375(5)

Absorption cocfficient  0.083 mm ' C(14)-0(14) 1.372(4)

Index ranges —5<h<S, —T<k<3,

—-1751517 i

Reflections collected 2744 ijarin!.AHspecmlban&ohservedinﬁgJAandBwem

Independent reflec- 1816 [R(int)=0.0238] assigned to originate from m—+7* transitions, and no

tions spectral band was identified to originate from the n—*

Deishesciloniper.  TRHIONSD transitions, presumably these weak n— 7c* transitions are

Goodness-of-fit on F° 1272 hidden under the lowest energy, P1 band. It is noted that the

Final R indices [{> R1=00736, wR2=0.1640 spectral band in Fig. 2B for Riparin llI has a slight red-

2sigma(D)] shifted in relation to the corresponding band in Fig. 2A for

R indices (all dsta) R1=00793, wR2=0.16T8

bands: the first band, P1, with a maximum at 284.6 nin
{absorbance, 0.1613), the second band, P2, at 276.1 nm
(0.2680), the third band, P3, at 226.8 nm (2.3278) and the
fourth band, P4, at 202.5 am (1.8350). The spectrum 2B has
five bands: the first band, Pl, with the maximum at
308.8 nm (absorbance, 0.3473), the second band, P2, at
283.1 nm (0.2228), the third band, P3, at 277.8 nm (0.2272),
the fourth band, P4, at 249.1 nm (1.0877), and the fifth band,
PS, at 220.2 nm (2.2963). The spectral band at 308.8 nm is
new only for Riparin 111, and is absent (or vety week) for

Table 1b
Awmic coordinates (X10%) and equivalent isotropic displacement
m(h’xlﬂ’)fu‘ml

X ¥ z Ueq)

N B184(5) 2813(3) 4230(2) 46(1)
an T4950(8) 1779(4) 5554(2) 54(1)
o) 8327(T) 3188(4) 5132(2) 48(1)
o) 5950(6) 2641(4) 3741(2) 41(1)
03) 3813(4) 2713(3) 4027(1) S
(041} B01%6) 2189(4) 6485(2) 45(1)
(12) 10108(7) 1564(4) 6910(2) s1(1)
i) 10644(7) 1957(4) T768(2) 52(1)
ald) 903%(7) 3023(4) B211(2) 49%(1)
oc14) GI64(6) 3499(4) 9060(1) 7D
s) 963(7) 3686(5) TT96(2) 55(1)
al6) 6463(7) 3273(4) 6955(2) 53(1)
oz 6149(6) 2355(4) 2822(2) 401)
o) 4286(7) 1351(4) 2309¢2) 52(1)
) 4384(8) 1076(5) 1460(2) 65(1)
o) 6286(8) 1842(5) 1109(2) 621
oes) 8132(7) 2849(5) 1613(2) (1)
26) BO5(7) 3101(d) 2463(2) SK1)
14y 11620(10)  2985(N) 9495(3) $3(2)

Uleq) is defined as one third of the trace of the orthogonalized U/ tensor.

Riparin 1. The spectral red-shifted and the relative intensity
changes of the observed bands in Fig. 2 are the
characteristics of the =— 7t* transitions from the aromatic
ring, and due mainly to the effects of the dihydroxy-
substituents in Riparin Lil. As will be illustrated below the
dihydroxybenzoyl (DHB) group in Riparin 1l forms an
intramolecular hydrogen bond between the H of the O-H
group and the O of the C=0 group, and gives a relatively
planar structure between DHB group and C=0 group. The
extended planar geometry of DHB relative to the C=0
group in Riparin 1ll is probably responsible for the
observation of low energy band at 308.8 nm in spectrum 2B.

The absorption spectra of Riparin I and Riparin 11
dissolved in ethanol (polar solvent, not shown), at a
concentration of 1 X 10™* M, are also shown to have similar
spectral characteristics of those in Fig. 2A and B (in MCH,
non-polar solvent). The observation of no spectral shift on
solvent polarity confirms that the spectral assignment of all
spectral bands in Fig. 2A and B are the 7t— m* transitions in
pature. !

3.3. Molecular orbital calculations

The molecular geometry of Riparin 1 obtained by X-ray
diffraction, as described in Section 3.1 and in Fig. 1A, is
used for all molecular orbital calculations. Since the single
crystal growth of Riparin 11l was ot successful, thus the
abinitio RHF/6-31G* method was used to calculate the
molecular structure of Riparin 111 The crystallographic data
of Riparin 1 was used as the slarting structure, and was
optimized for two hydroxyl groups substituted at 1 und &
positions of the benzoyl group of Riparin 111. The simulated
molecular geometry of Riparin 111 is plotted in Fig. 1B.

Excitation epergies of Riparin 1 and Riparin 111 were
calculated by a singly excited configuration interaction
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Fig. 2. Left: absorption spectra recorded at room temperature and in 1 X 10~ M methylcyclohexane solution (A) Riperin | and (B) Riparin Il Right: emission
spectra recorded st 77 K and in 13X 107" M solution. (C) Riperin | in ethanol, (D) Riparin 111 in ethanol, and (E) Riparin H! in methylcyclohexane.

(SCI) using the ZINDO program. Spectra were simulated
with SPECTRUM.C (Paul D. Soper, DuPont, Central
Research & Development, E328/123, DUCOM 695-1757,
ESVAX::SOPERPD, 1997), having a specified Gaussian
lineshape, HWHM =5 nm. The calculated values of
excitation energies (column 2) and oscillator strengths
(f~values, column 3) for some low-lying electronic transitions
of Riparin I and Riparian 111 are listed in Table 2. Only one or
two most predominant configurations were listed for the
assignments (column 6 of Table 2). Experimental transition
energies (column 4 of Table 2) and absorbance (column 5 of
Table 2) are also inchuded for comparison.

In Fig. 2A, four absorption bands (P1, P2, P3, and P4) are
observed for Riparin I dissolved in MCH. The P1 band is
located in the longest wavelength and has an extremely low
intensity. Fig. 3A plots the simulated UV-vis spectrum for
Riparin 1 using the calculated spectral data listed in Table 2.
The positions of the four observed bands are marked on top
of the simulated spectrum. The simulated spectrum
(Fig. 3A) seems to reproduce reasonably well for all
principal spectral features of the observed bands (Fig. 2A)
as far as the peak positions are concerned. However, the
relative band intensity is not well reproduced.

Before we discuss the assignments of the observed
absorption spectra for Riparins, we need to give a brief
review on the electronic transitions of benzene molecule
with Dg, symmetry. The highest occupied molecular
orbitals (HOMO) of benzene are doubly degenerate T
orbitals (eqy). The lowest unoccupied molecular orbitals
(LUMO) are doubly degenerate 7t* orbitals (ep,). The low-
lying electronic transitions in benzene are due to transitions
from 7t{e;g) to 7*(ey,). Three lowest electronic transitions
in benzene are: 1B,, (forbidden) < 1By, (forbidden) < 1E,,
(allowed). The benzene rings in Riparin I and Riparin 111
should have a lower symmetry than Dg,. The degeneracy of
T(e),) and 7*(ez,) orbitals in benzene should be removed
for the benzoyl groups in Riparins. The Riparins should
have no degenerate T orbitals, however, the splitted
orbitals should retain their main characteristics of the
degenerate Tt(e,) and 7*(ep,) orbitals in benzene. The five
highest occupied molecular orbitals (HOMOs) in Riparin 1
are all shown to have the 7 character, while the five lowest
unoccupied molecular orbitals (LUMOs) are all shown to
contain the m* charmcter localized either in the para-
methoxybenzene (pMB) or benzoyl (B) ring. The ascending
order of orbital energy in Riparin 1 is following: Tty o0, <
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Excitation energics (in ¢V) and oscillator strengths (f-values) of some low-lying clectronic transitioas of Riparin | and Riparin HI, calculsed by ZINDO and
compared with the observed UV absorption spectra

Transitions Energies (eV) [-values Observed Absorb. Assignments

(singlet)

Riparin 1

5, (n.w*) 3.656 0.0016 - - Nexe=uy Dy —* Tp*

S (mm*) 4.457 0.0352 4356 (P1) 0.1613 PMeon — 1 Ten ™ 1 ipan — 27pan®
5y (7, %) 4.657 0.0068 4491 (P2) 0.2680 Img - 1™ 27 — 2Mp*

5, (m;%*) 5414 05539 5.467 (P3) 23278 2t mn — 2Moun®

S; () 5538 [18}.7.] 5.467 (P3) 23278 g~ Imp*

Se (10,7c%) 5943 0.0156 6.122 (P4) 1.8350 27 s — 1T

5; (m.m*) 6.162 0.0058 6.122 (P4) 1.8350 2tps —* Bocn*

Sy (T;7*) 6.220 03436 6.122 (P4) 1.8350 Moun — 2Toup®

Sy (T.*) 6.235 0.6819 6.122 (P4) 1.8350 2y — 21 ¥/ 170y — IMp®

Sip (. 7c%) 6.306 09567 6.122 (P4) 1.8350 Img —+2mp™

S (rm®) 6419 03386 6.122 (P4) 1.8350 1M s — ITtpme®

S)2 (m,m*) 6.424 05994 6.122 (P4) 1.8350 Morcun) — 1Mg* 2 s — 1np*
Riparin 3

S (nm*) 3.644 0.0017 - - Bue=ppin —* 1 Toua®

S; (7.7c%) 4.146 0.0750 4015 (P1) 03473 2mpus— 1Tpus®

Sy (%) 4461 0.0330 4379 (P2) 0.2228 2tpen — 1Tpaaa /1 T = 2paan®
- - - 4.474 (P3) 0.2272 -

5, (m.w*) 4934 02087 4977 (P4) 1.0877 Impus — 1 pup®

Ss (m,7%) 5446 0.4588 5.632 (P5) 22963 2 — 2Wmn*

Se (7, 7%) 559 05103 5.632 (P5) 22963 2Mpus — 2Mpnp®

5 (%) 5.659 02488 5.632 (P5) 2.2963 1 pee — 2 pue* 2 oue —* 1 ous®

The compounds were dissolved in methylcyclohexane (13X 107 M).

Img <27g <1Ttpup <2Mpve (HOMO) <1nt*p (LUMO) <
2n*g <1 T¥pmp <2M*pmB <Tt*nor The Tono. orbital is
localized on both N and O atoms. The 17ty and 27tp orbitals
are the splitted 7t orbitals that originate from the 7i(e,,) in
the benzoyl ring. The Immp and 27ty orbitals are the
splitted 7t orbitals that originate from the (e, ) in the pMB
ring. The ln*z (LUMO) and 27t*g orbitals are the splitted
7t* orbitals that originate from the 7*(e,,) in the benzoyl
ring. The Imt*yp and 27* ;g orbitals are the splitted *
orbitals that originate from the 7t*(e,,) in the pMB ring.

The observed peaks (P, P2, P3, and P4) in the UV
spectrum of Riparin 1 are all due to the electronic transitions
between 1 and t* orbitals. The tentative assignments for
the observed absorption peaks are listed in the column 6 of
Table 5. The lowest singlet transition S; (n,m*) was
calculated at 339 nm (3.656 eV, with a very low fvalue of
0.0016. The S, (n,x*) is a forbidden (noc=cpnn) —+p*
type transition that has not been identified in both simulated
and observed spectra.

The absorption spectrum of Riparin 11l dissolved in MCH
is recorded in Fig. 2B that composes of five bands, P1, P2,
P3, P4 and P5. The P1 peak locates in the longest
wavelength at 308.8 nm. The bottom half of Table 2 lists
the excitation energies, oscillator strengths (f-valves), and
possible assignments for some low-lying electronic tran-
sitions of Riparin 111. The experimental transition energies
and absorbance recorded in Fig. 2B are tabulated in column
four and column 5 of Table 2, respectively. Fig. 3B shows a
simulated spectrum of Riparin 111 by using the spectral data
listed in Table 2. The positions of the five observed peaks

are labeled in the simulated spectram for comparison. It is
noted that both peak position and relative peak intensity of
the simulated spectrum have reproduced fairly well for
those principal features of the observed spectrum. The five
highest occupied molecular orbitals in Riparin 11} are all
have m character, while the five lowest unoccupied
molecular orbitals are all have ®* character localized in
either the pMB or DHB group. The ascending order of
orbital energy in Riparin LI is calculated as following:
Ton.0x < | Ttpan < lﬂwn‘(?ﬂmn < 211.‘?“3 (HOMO) <
ITtpe™ (LUMO) <27mtpp* < lm‘ <2ﬂm" <Tnox™.

The lowest singlet transition S; (n,7t*) in Riparin 111 was
calculated at 340 nm (3.6437 eV), having a very low f-value
of 0.0017 that originates from a forbidden npc=g)0n—
2mpyp™ type transition. It is similar to Riparin 1, the §, (n,
T*) transition in Riparin L1l is not shown in the simulated
spectrum (Fig. 3B) or visible in the observed spectrum
(Fig. 2B). The ordering of the four highest occupied
molecular orbitals (HOMO) in Riparin 1 is 1y <2mz<
1Tomp <27 mp, Whereas the ordering is 1Ttppp < 17tpmp <
2Tty <2Mpve in Riparin 111 There is a clear difference in
the ordering of HOMOs in Riparin 1 and Riparin 11l that
should be the principle cause for the observed difference in
the UV spectra 2A and 2B.

The HOMO, LUMO orbital energies and the dipolar
moments for the Riparin I and Riparin 111 are calculated by
abinitioc RHF/6-31G* method, and the values are (—8.093,
2.989eV and 4.678D) and (—8.257, 2.819eV and
4.312 D), respectively. The energy of formation (or heat
of formation) of Riparin 1 and Riparin 111 was also obtained
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Fig. 3. Simulated sbsorption spectra using excitation encrgics and oscillator
strength calculated by ZINDO. (A) Riparin 1 with four peaks observed (P1-
P4). (B) Riparin I with five peaks observed (P1-P5). The obsarved peaks
are identified on the top of the figure.

as —820.0 and —969.7 au., respectively. The more
negative heat of formation for Riparin 11l suggests that
two hydroxy groups substituted at the 1,6-dihydroxybenzoyl
ring in Riparin 1}l have stabilized the molecule. The
question is what are the driving forces for the molecular
stabilization in Riparin 1117 The answer may be related to
the atomic charges and the formation of inter- or intra-
molecular hydrogen bonds. The calculated atomic charges
for (Riparin 1, Riparin 111) are: O(—0.7268,—0.7588) for
the oxygen atom in C=0 group; N(—0.8193,—0.7588) and
H(0.3817,0.4282) for the nitrogen and hydrogen atoms in
N-H group; and O(—0.6090, —0.6085) for the oxygen
atom in methoxy group. Two O-H groups in Riparin 111

have the calculated atomic charges as follows: O(—0.7616)
and H(0.5401) for the first group which is closer to the C=0
group; and O(—0.7637) and H(0.5123) for the second
group. The results on the atomic charge distributions
indicate that the favorable sites for the formation of
intermolecular hydrogen bonds in Riparin 1 are the C=0
and N-H groups, whereas those for the formation of intra-
molecular hydrogen bonds in Riparin I are the C=0 group
and the O-H groups of the 2,6-dihydroxybenzoyl ring. The
distances of intramolecular hydrogen bond (O-H---0=C)
for Riparin 11} were also calculated as 1.809 A for the O-H
bond and 2.765 A for the H-+-O bond that are shown to be
very close to the standard experimental values: 1.72 and 2.
72 A [10].

Both Riparin 1 and Riparin 1 contain two aromatic
rings. One ring (labeled C,4~C,y in Table 3) is linked to
a para-methoxy group (pMB) that is common for both
Riparins. The other ring (labeled C,~Cq in Table 3) gives
a principle difference between Riparin 1 and Riparin 11l
that two hydroxyl groups are substituted at C; and C¢
positions of the ring (referred to as DHB) for Riparin 11l
The atomic charges for both aromatic rings were
calculated and listed in Table 3. For pMB ring, the
calculated atomic charges for Cy4—Cyo are quite similar
in Riparin | as compared to those in Riparin L. For
DHB ring, on the other hand, the atomic charges of C\~
C, are calculated to be quite different for Riparin 1 as
compared to those for Riparin 1. For Riparin I, the
substitution of two hydroxyl groups at the C, and Cs
positions has promoted a change in sign and magnitude
of atomic charges at these two carbon positions:
—0.2050— +04942 for C, and —0.1712— +0.4516
for Cg. In addition, other carbon atoms display an
increase of negative charges in DHB ring as compared to
those in benzene ring. The favorable charge distributions
provide the driving force for the formation of intra-
molecular hydrogen bonds between the C=0 and two
O-H groups in Riparin Il. The intramolecular hydrogen
bond formation in Riparin 1il has placed the aromatic
ring of the DHB 'and the C=0 group on almost the same
plane.

Table 3
Atomic charges calculated by abinitio method using model RHF/6-31G*

Awom Riparin | charge Riparin I charge
Benzene ring in Ci4 —0.0863 ~0.090}
p-methoxy group  CI5 0.3780 0.3805

C16 -0.1897 —0.1894

C17 —0.1894 —{.1880

Clis —0.3280 -0.3277

ci9 —0.2736 -0.2736
Benzeperingin b, Cl —0.2050 0.4942
6-dihydroxyben-  C2 —0.2320 —0.3638
zoyl group [ac) -0.1653 —0.3736

C4 —0.2335 —-0.3575

S - 02033 —0.1210

c6 —0.1712 0.4516
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3.4. Emission spectra

The lowest singlet excited state for Riparin 1 was
calculated, using abinitio RHF/6-31G* method, to be a S,
(n,nc*) at 339 nm (f-value=0.0016) originated from a
(nocc=oyN)— Ttg* type transition. Similarly, the lowest
singlet transition S; (n,7*) in Riparin 111 was calculated at
340 nm (f-value=0.0017) and originated from a noe=g),
ny— 2Ttpp™ type transition. The S; (m,m*) transition for
Riparin | was calculated at 278 nm and originated from the
21:,.“3% 11'\:*;.“3 and lﬂmg—’ 217',,“3 of the pMB.
Differently, the S, (m,7*) transition for Riparin I was
calculated at 299 nm and originated from the 27mpyp—
Imtpyp* transition in the DHB functional group. Based on
the calculated electronic states, if the major contribution of
the emitting state of Riparins is S; (n,7c*), then the observed
fluorescence should be located at a similar emission
wavelength. Likewise, for a S; (m,7c*) transition as an
active emitting state, then the fluorescence band of Riparin 1
should be observed at ~21 nm in the blue from that of
Riparin 111. Riparin I does not emit when dissolved in MCH,
however, when dissolved in ethanol (1X10”*M) it
displays a weak emission at 77 K as shown in Fig. 2C.
No phosphorescence was observed in Fig. 2C, and the weak
fluorescent spectrum of Riparin I is a broad band extending
from ~370 to ~540npm. with a band maximum at
~437 nm. In ethanol solution, Riparin 1 and ethanol can
form intermolecular hydrogen bonds that induce the
emission. Fig. 2D and E shows the 77 K emission spectra
of Riparin 11 at a 1 X 10™* M concentration in ethanol and
MCH, respectively. The fluorescence spectrum in Fig. 2D is
a broad band that goes from ~390 to ~520 nm, with the
maximom at ~440nm. In Fig. 2E, the fluorescence
spectrum is extended from ~390 to ~525 nm, with the
maximum situated at ~440 nm. No phosphorescence was
observed in both spectra 2D and 2E. The only difference
between spectra 2D and 2E is that the fuorescence band for
Riparin 111 dissolved in ethanol (Fig. 2D) is narrower and
more intense in relation to that dissolved in MCH (Fig. 2E).
No fluorescence shift was observed in spectra 2D and 2E,
where a band maximum at ~440 nm was displayed for
Riparin 111 dissolved in a non-polar solvent, MCH as well as
in a polar solvent, ethanol. This observation suggests that
Riparin 11l prefers to form the intramolecular hydrogen
bond instead of the intermolecular hydrogen bond with
ethanol solvent. Since Riparin 1 and Riparin 11l show a
similar emission spectral maximum, ~437 nm in spectrum
2C and ~440 nm in Spectram 2D, the major contribution of
the emitting state of Riparins should be a S, (n,7*) state in
nature as discussed in previous paragraph. The electronic
nature of the S; (n,7c*) emitting state in Riparins is a long
range charge-transfer (CT) transition from a non-bonding
(n) ombital in C=0 and N-H groups to a w* orbital in
benzene (for Riparin 1) and in DHB (for Riparin 1il). The
solvent effects on the emitting properties of Riparins
probably result from the perturbation of the pearby S;

(m,m*) state [11]. In Riparin 111, the nearby S, (7, m*) state
is at 299 nm and originated from DHB ring, whereas that in
Riparin 1 is at 278 nm and originated from pMB ring. The
1,6-dihydroxy groups in DHB ring of Riparin 111 facilitate
the formation of intramolecular hydrogen bonds between
-C=0 and H-O- of DHB ring, and result in a near planar
structure between DHB group and C=0 group. It is evident
that the photoactive groups for Riparin 11l are the DHB, the
C=0 and the N-H chromophores, where the aromatic ring
in DHB is almost coplanar with the C=0 group. On the
other hand, the photoactive groups for Riparin 1 are the
pMB, the benzoyl (B), the C=0 and the N-H chromo-
phores, where the benzoyl ring is aligned in 34.0° from the
€=0 group.

3.5. Infrared spectra

Fig. 4 shows the transmission FTIR spectra of Riparin
I (spectra B and A) and Riparin 11l (spectra D and C)
prepared in KBr pallets. The spectra are relatively
complex, thus only the molecular vibrations for the
functional groups (-C=0, N-H and O-H) will be
examined. These active groups are mainly responsible
for the formation of the intra- and inter-molecular
hydrogen bonds in Riparins. Spectrum 4B shows a
C=0 vibration band at ~16386cm™" for Riparin 1,
indicated by an amrow; the same vibration mode at
1637.7cm™" for Riparin 11l has almost disappeared in
the spectrum 4D. A spectral band at ~3325cm™"' in
Fig. 4A and at ~3346.9 cm ™' in Fig. 4C were assigned
to the stretching vibration of N-H group in Riparin | and
Riparin 111, respectively. This vibration mode does not
show to have a significant effect upon the 1,6-dihydroxy
substitution on the benzoyl ring in Riparins. The broad
band at ~34632 cm™"' observed in Fig. 4C is assigned
to the vibration mode of O-H stretching, resulting from a
strong intramolecular hydrogen bonding with the carbo-
nyl group in Ripain lll. This spectral band is not
observed for Riparin 1 as shown in Fig. 4A. An almost
disappearance of 'the vibration mode »(C=0) at
1637.7cm ™" in spectrum 4D and the appearance of a
new broad band at 3463.2cm ™' in spectrum 4C are due
to the formation of intramolecular hydrogen bond
between the group O-H in DHB ring and the group

=0. The formation of intramolecular hydrogen bond in
Riparin 11l gives a coplanar structure between the DHB
ring and the C=0 group, whereas the C=0 group in
Riparin | is 34.0° out of the plane from the closest
benzene ring.

4. Conclusions
The photophysical properties of two muscular relax-

ants Riparin 1 and Riparin 11l have been investigated
experimentally and theoretically. The molecular
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Fig. 4. FTIR spectra recorded in KBr pellet. Riparin 1—(A) and (B):; Riparin 1l—(C) and (D).

structures and electronic properties for both excited and
ground states of Riparins are obtained. The molecular
structure of Riparin 1 was determined by XRD, and
showed that the C=0 group lies in 34.0° out of plane
from the benzoyl ring. Based on the experimental
structure of Riparin 1, the molecular structure of Riparin
11l was simulated by abinitio RHF/6-31G* method, and
an almost co-planar between the DHB ring and the C=0
group was obtained. The formation of intramolecular
hydrogen bond between the O-H group of the DHB ring
and the group C=0 in Riparin 111 was further illustrated
from the FTIR spectral analysis. The active functional
groups, C=0, N-H, O-H in DHB ring and in pMB of
Riparins are responsible for the observed long range
charge-transfer n—7* transition in emission and T —7*
transition in absorption spectra. These electronic proper-
ties may act as the driving forces for pharmacological
action and biologic activity of Riparins as muscular
relaxants. The fact that Riparin Ill is a more potent
muscular relaxant than Riparin 1 may be associated to the
extended planar structure and more electron negative in
DHB ring in Riparin 111 as compared to those in Riparin

1. A planar structure of Riparin 11 could facilitate the
drug’s permeability in the bioclogic membrane and
increases its biologic activity.
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FF029 - ANTICONVULSANT PROPERTIES OF RIPARIN I (RIP I) AND RIPARIN IIT (RIP TIT) FROM ANTBA
RIPARIA (NEES) MEZ (LAURACEAE) IN MICE
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RODRIGUES FILHO(IC)", STANLEY GUTIERREZ(PG)*, JOSE MARIA BARBOSA FILHO(PQ)%, FRANCISCA CLEA F.
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Introduction: Rip I (methy] ethers of N-benzoyl tyramine) and Rip 111 (N-(2,6-dihydroxvbenzoyl) tyranune) have been 1solated
from Aniba riparia. Objective: Study the effects of tip [ and TII on pentilenetetrazole (PTZ)-induced convulsions and rotarod test
in mice. Methodology: Male Swiss mice (20-30g) were treated with rip [ and [II, 25 and 50 mg/kg, 1.p.. Controls received salne.
Results: Values represent meantSEM number of animals in parenthesis. Rip 1 (25 and 50mg/kg, i.p.) mcreased the latency to 17
convulsion [25=121.6217.4(s)(8): 50=120.4:14.9(s)(8). ¢.=73.626.8(s)(10)], mortality time {25=567.5+119.3(s)(4);
50=706.0497.1(s)(73;, ¢.=418.0+45.3(s)(8) and survival [23=55.6%; 50=22.2%,; c¢.=0%] as related to controls. Rip HI increased
lethal time [255338.2 £ 27.6(s)( 10} 50=304 5 = 30.0(s)(11)] as related to control [220.5£18.3(5)(23)}. Diazepam. positive control
increased all parameters observed. Rotarod test was unaltered. Conclusion: Rip I and III presents a protective ettect in seizure and
are devord of myorelaxant cliect (rotarod).
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Avaliacao da Atividade Antimicrobiana de
Riparinas sobre Cepas de Staphylococcus aureus €
Escherichia coli Multirresistentes *

EVALUATION OF THE ANTIMICROBIAL ACTIVITY ABOUT MULTIRESISTENTS SAMPLES OF
STAPHYLOCOCCUS AUREUS AND ESCHERICHIA coOLI
CATAD, RABSSA MAYER RAMALHG', BARBOSA-FiL 40, JOSE MARLK; GUTIERREZ, STANLEY JUAN CHAVEZ; LIMA, EDELTRUDES DE DLAEIRA LIMA;
PEREIRA, MARIA DO SOCORRD VIEIRA'; ARRUDA THULIO ANTUINES', ANTUNES, ROSSANA MIRANDA PESSOA'

/RESU‘MO - As alcamidas naturais constituem uma classe especial de alcaléide contendo uma funciao amida restrita a poucos {:cmsﬁ-\
tuintes na natureza. O objetivo deste estudo foi avaliar a acio da estrutura/atividade antimicrobiana de amidas isoladas de Aniba ri-
paric (Nees) Mez. Lauraceae (riparinas I, Il e X111}, sobre cepas multirresistentes de Staphylococcus oureus e Escherichio coli de ori-
gem humana. Constatou-se neste estude que as ripaninas, apesar de suas diferengas estruturais, apresentaram atividades antimicro-
bianas semelhantes. No entanto, a riparina 11l (O-Metil-N-{2,6-dihidroxibenzoil}-Tiramina) foi a que apresentou maior potencial an-
timicrobiano. Todas as cepas de S. aureus, testadas, mostraram-se mais susceptiveis a acio das riparinas do que as cepas de E. coli.

\\P.l\l.ﬁms-CHNi"Es - Atividade antimicrobiana, Aniba riparig, riparinas, 8. aureus, E. coli. _/

KSUMMRY« The notural clcamides compose a special class of alcaloide possessing amide function restricted lo tew componenl on rm:\
ture, The purpose of this siudy was to evaluoie the antimicrobiol structural etivily uction of isoluled amides de Aniba riporiu (Ness)
Mez Lauraceae (riparian I, T and XIHI), mulliresislents samples of Staphylococeus oureus und Escherichia coli of humon origin. In
thig study was proved that riparian, although of its structure differences, presented similar antimnicrobial activity. However, riparian 111
(O-methyl-N(2,6-dihydroxybenzoyl)-Tyramine} wus the one lo present the biggest antimicrobial polential. The tested sumples of S, au-
reus, were shown more sensitive to the riparian action than the E.coli sumples.

\fEYWDRDS - Antimicrobiul activity, Aniba ripurie, riperian, S. aureus, E. coli. .

INTRODUGAO

s primeiras evidéncias do usa de plantas com fins tera-

péuticos datam de 460 a.C *. No entanto, as primeiras
informagoes sobre o uso sistematico de plantas como medi-
camentos datam da India Antiga **".
No Brasil, assim como em varios outros paises da América
Latina, a fitoterapia constitui uma alternativa economica
quando relacionada aos medicamentos alopaticos®™. De
modo gue, nos ultimos anos, a fitoterapia atingin nm nota-
vel crescimento, assim como, também, o estudo dos meta-
bélitos secunddrios on metabdlitos especiais produzidos
pelas plantas, os quais desempenham um papel funda-
mental no desenvolvimento da quimica sintética. Sobre es-
te prisma, a busca de novos compostos vegetais com agao
antimicrobiana se apresenta como um modelo experimen-
tal, ecologicamente correto, para se produzir substancias
que sejam eficazes e menos agressivas ao meio ambiente e
aos homens, contribuindo, assim, com & melhoria da quali-
dade de vida"".
As alcamidas naturais constitiem uma classe especial de
alcaldides, contendo uma funcgao amida restrita a poucos
representantes na natureza®. Através da descoberta de ati-
vidade antimicrobiana de amidas isoladas de Aniba riparia
(Nees) Mez. Lauraceae, planta tipica da regido amazonica,
da qual pode-se obter extratos dos frutos e dos célices™,
despertou-se a curiosidade para verificar a potencialidade
farmacologica destas amidas, isoladas e sintetizadas pela
primeira vez no Lahoratério de Tecnologia Farmacéutica -
LTF da Universidade Federal da Paraiba*. Eslas amidas
foram denominadas riparinas e homenagem a planta®.
Entre outras agoes farmacologicas estudadas, foi demons-

trado que as riparinas {14 alcamidas difrentes obtidas atra-
veés de sintese orgdnica - R: até Ru), sao capazes de induzir
um efeito espasmolitico em fleo isolado de cobaia e em iite-
ro 1solado de rata virgem" ¥, principalmente, devido a ini-
bigdio de influxo de ions cadlcio para o meio intracelular e da
inibicdo da liberacao dos estoques intracelulares de cdlcio,
nao envolvendo a participagao da geragao de AMPc ™ | e
que apresentam um efeito hipotensor e bradicardico transi-
torio, devido a uma agao gque parece envolver, principal-
mente, umn componente de origem parassimpatica a nivel
cardiaco ™. A riparina Il apresenta efeito antidepressivo,
quando administrada intraperitonealmente, em doses de 25
e 50 mg/Kg, em ratos ", Sugere-se gque o efeito da riparina
11 é dependente da presenca exclusivamente do grupo hi-
droxila, no sequndo anel aromitico. A riparina | é diferente
das demais por nao apresentar, no sequndo anel aromalico,
penhum grupo substituinte, e a riparina XIII contém grupos
metilas e hidroxilas dipostos em posigoes diferentes no se-
gundo anel aromatico "

O desenvolvimento de gqualquer novo antimicrobiano vem
sendo acompanhado de resisténcia bacteriana e a emer-
géncia de patogenos resistentes aos antimicrobianos é uma
ameaca a esses avangos *¥. O aparecimento de resisténcia
resulta em diversos fatores, tais como: uso crescente e ina-
dequado de antimicrobianos, procedimentos invasisos,
grande mimera de hospedeiros susceptiveis e falhas tera-
péuticas, entre outros, ccasionando aumento da trans-
missao de organismos multirresistentes. Atualmente, mui-
tas cepas sao resistentes a quase todos antimicrobianos e a
perspectiva de aparecimento de uma cepa resistente a to-
dos os antimicrobianos constitui wina séria preocupacgdo "
A necessidade de encontrar novas substdncias com propri-

Recehido em 05/11/2004

em 02/06/2005

"CCBS/DF/UEPB-Campina Grande-PB; * LTF/UFPB-Jofio Pessoa-PB; *CCS/UFPB-Jodo Pessoa-PB; ‘CON/UFPB-Jodo Pessoa-PB.
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edades antimicrobianas para serem estudadas no combate
a4 esses microrganismos representam um desafio no trata-
mento de infecgoes 9.

Virios sdo os mecanismos pelos quais os microrganismos
podem escapar dos efeitos dos antimicrobianos, entre eles
incluem-se: alteragdo da estrutura molecular dos antimi-
crobianos, producdo de enzimas que inativam a droga, al-
teragao das proteinas ligadoras da penicilina on outros
pontos-alvo nas paredes das células, alvos modificados da
DNA-girase, mutagoes de permeabilidade e modificacées
ribossomicas #¥.

O objetivo deste experimento foi avaliar a agao da estrutn-
ra/atividade antimicrobiana “in vitro” dos sequintes fito-
constituintes ou substratos sintéticos: ripaninas I, IIT e XIII,
respectivamente: O-Metil-N-(benzoil)-Tiramina, O-Metil-
N-{2,6-dihidroxibenzoil)-Tiramina e O-Metil-N-(3,4,5-t5i-
metoxibenzoeil}-Tiramina), sobre cepas de Stuphylococcus
aureus e Escherichia coli de origem humana, por serem es-
tes microrganismos, dentre vérios outros, freqientemente
isolados em infecgdes que apresentam elevada resisténcia
aos antimicrobianos.

MATERIAIS E METODOS

As miparinas (I, 111 e XIII) foram obtidas por sinteses, segun-
do a metodologia estabelecida no LTE/UFPB @,

A determinacio da atividade antimicrobiana foi realizada
pela técnica de difusao em meio sdlido, processo cavidade-
placa™. As placas de Petri (90mm) contendo 20mL de agar
Mueller-Hinton, foram inoculadas pela técnica de espalha-
mento em superficie {10}, com auxilio de “swabs”estéreis
mergulthados na suspensao contendo o indeulo, eliminan-
do-se o excesso de liquido por pressao nas paredes do tu-
bo. O inacule foi semeado sobre tada a superlficie do dgar,
de modo a se obter um crescimento confluente e uniforme.
Em seguida, as placas foram colocadas para secar durante
3 a 5 minutos, antes de se realizar a perfuragao das cavida-
des (6mm cada), com auxilio de perfuradores descartaveis
estéreis.

Foram analisadas 26 cepas, sendo 12 de S. aureus e 14 de
E. coli, isoladas de pacientes ambulatoriais, além de uma
cepa de S. aureus ATCC 25925 (usada como controle).

Em cada placa foram realizados 4 orificios, sendo que, em
3 destes orificios foram adicionados 50 pl da solucao agquo-
sa de riparina a ser testada, na concentracdo de 200mg/mL
e um deles foi destinado ao controle negativo (solugdo
aquosa de dimetil-sulfoxido (DMSO} a 2%). Todas as so-
higoes dos fitoconstituintes sintéticos (riparinas) foram pre-
viamente solubilizados em 2% de DMSQO.

As placas foram incubadas a 35-37°C/24 horas e; apés es—
te periodo, observou-se a presenca de halos de inibicao de
crescimento bacteriano, os quais, foram medidos em mili-
metros, Os ensaios foram realizados em duplicata, para ca-
da cepa selecionada, e os resultados determinados pela
meédia aritméfica do tamanho dos halos de inibigao.

RESULTADOS E DISCUSSAQ

Considerou-se com a atividade antimicrobiana a presenca de
halo de inibicdo de crescimento de qualquer tarnanho, por
nao existir um padrio de comparagdao dos resultados. Os ta-
manhos dos halos variaram de 7 a 20 mm lanto para as cepas
de S. aureus quanto para as de E. coli. A solu¢do aquosa de
DMSO a 2%, utilizada como controle, ndo apresenton halo de
inibicao de crescimento para nenhuma das cepas testadas.

Q potencial antimicrobiano {oi considerado semelhante pa-
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ra as riparinas I, III e XIII, que inibiram 12/26 {45,2%),
14/26 (53,8%), e 11/26 (42,3%), respectivamente do total
das cepas bacterianas analisadas (Tabela 1).

Tabela |
Demonstracao da acgao estrutura-atividade
antimicroblana de cepas bacterianas analisadas
frente a solugdo aquosa de riparinas
e oo -

O-Meil-N-
(benzoil}-
Tiramina

RIPARINAT

O-Metil -N-(26 - :
dinidroxibenzoil) g,.i;f";-"y‘*je'-

— Tirmmina e

RIPARINA 1

O-Motil-N-
i34,5-
Trimetoxibenzoil)
— Firaminay

~ o 3&?)& g
RIPARINA XTI Wh} o /26 (42, 3%)

Consideramos que € necessario determinar a concentragao
inibitéria minima (CIM) destas substdncias frente aos mi-
crorganismos testados, para se poder conhecer methor o
percentual de inibicao de crescimento bacteriano.
Comparando-se a sensibilidade apresentada pelas cepas
analisadas frente as riparinas, observou-se gue estas se
mostraram mais eficazes frente aos S. aureus. As riparinas
I e HI apresentaram o mesmo percentual de atividade anti-
microbiana, em relacao as cepas de S.aureus testadas, no
entanto em relagdo as cepas de E coli, a riparina [ apresen-
tou um discreto aumento no percentual de atividade, quan-
do comparada a riparina XIII. A riparina Il {oi a que apre-
sentou melhor atividade antimicrobiana, ou seja, com halo
de inibigao de crescimento para 11 (91,7%) cepas de §. au-
reus e 3 {21,4%) cepas de E. coli (Figura 1). Esses resulta-
dos assemelham-se aos relatados por outros autores que
também observaram melhor atividade antimicrobiana dos
extratos hexanicos e clorofarmicos dos frutos e célices de
Aniba nparia. contra cepas de S.aureus, Bacillus cereus e
Candida albicans, sendo pouco ativos para cepas de E.coli,
Proteus sp. e Klebsiella pneumoniae .
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Figura 1. Comportamento diferencial das cepas de S. aureus e
E. coli frente 2 solugdo aquosa de riparinas pré-seolubilizadas
em 2% de DMSO

Em relagao ao perifil de sensibilidade destas cepas frente
aos antimicrobianos usados rotineiramente na clinica mé-
dica, observou-se que os menos eficazes para as cepas de
8. aureus testadas, [oram: Penicilinag, Ampiciling e Linco-

micina, enquanto que para as cepas de E. coli foram: Tetra-
ciclina, Ampicilina, Sulfametozasol-Trimetropim e Cloran-

RBAC, vol. 37(4): 247-249, 2005
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fenicol. Observou-se que mesmo tratando-se de cepas
multirresistentes a antimicrobianos, a maioria das cepas de
S. aureus apresentou sensibilidade frente as riparinas.

CONSIDERAGOES FINAIS

Os resultados observados neste trabalho mostraram que as
riparinas I, Il e XIII apr taram thanca de compor-
tamento antimicrobiano, apesar de suas diferengas estrutu-
rais, frente as cepas analisadas. Entretanto, foram mais efi-
cazes contra cepas multirresistentes de S. aureus do que
contra cepas de E. coli e dentre as riparinas testadas, a III
foi a que apresentou maior potencial antimicrobiano.
Esses achados preliminares, porém promissores, nos leva a
intensificacdo de estudos complementares que permitam a
determinacao da Concentragao Inibitéria Minima (CIM]},
assim coma a avaliagao da acdo sinérgica efon antagonica
destes fitoconstituintes quando usados em associagdo com
outros produtos de origem vegetal ou nao, principalmente
sobre bactérias multirresistentes, incluindo a possibilidade
de estudar os efeitos biologicos ao nivel genético e agao
desses compostos sobre plasmideos de resisténcia a dro-
gas, e linhagens de S. aureus de origem humana, contribu-
indo assimn na busca de medidas de controle da resisténcia
aos antimicrobianos.
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