TIUNICANE 'Rzrfcf =

| L)

Contribuicdo a Quimica de Produtos Naturais.

Analise Estrutural e

Estereoquimica de Alcaldides

,

Francisco de Assis Machado Reis i

BIBLIOT E(f’»\ CENTRAL



A autocritica é uma das gualidades mais dificeis de se
exercitar. A tarefa de escrever um resSumo critico da nossa pro-
pria contribuigao cientifica foi ao mesmo tempo diffcil e cons-
trangedora.

0 fato deste ser um dos primeiros trabalhos na UNICAMP
por essa nova modalidade de concurso, criou-nos dificuldades na
sua preparaqéo, pela auséncia de tradigéo, mas por outro lado prg
piciou-nos a oportunidade de inovar.

0s candidatos, com maturidade cientifica para fazerem O
concurso de Livre-Docéncila, na sua maioria nio dispoem de tempO pa
ra conduzir um trabalho de pesguisa pessoal com vistas a prepara-
cdo de uma tese, dentro dos padr&es de originalidade, e uso de re
cursos nacionais para este fim. Este novo tipo de procedimento &
mais condizente com a nossa realidade, além de evitar que os do~

centes entrem em competigdoc com seus proprios orientados.



PREFACIQ

Ao elaborarmos este trabalho procuramos dar uma viséao
global da nossa produgéo cientifica de forma sintética sem preju-
dicar sua clareza.

No Capitulo I resumimos nossos resultados na area de iso
lamento e determinacdo estrutural de produtos naturais. No Capitu
lo ITI resumimos as éplicagées da ressonancia magnética nuclear de
préton e carbono-13.

. Procuramos evitar adiscus;éoextensa do que havia sido
publicado na literatura e para facilitar a compreensao, anexamos
codpias dos trabalhos no apéndice. Os resultados ainda ndo publica
dos foram discutidos com mais detalhes. No entanto, em nenhum mo-
mento buscamos aprofundar a discussao nem tampouco acrescentamos
informagées experimentais. Isto se deve ao fato de néo se tratar
de "dédos _ oriundos de um trabalho pessoal, mas sim da somato-
ria de resultados de nossos orientados e colaboradores e até mes-
mo de orientados de colegas que ﬁos convidaram a dar nossa contri

buigdo.
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INTRODUCAO

A flora brasileira dispondo de aproximadamente 120.000
espécies vegetais é o maior estimulo ao desenvolvimento da Quimica
de Produtos Naturais no pals. Para se ter uma idéia, basta veri-
ficarmos os Congressos Anuais da Sociedade Brasileira para o Pro-
gresso da Ciéncia. A maioria dos trabalhos se concentra  nesta
adrea a ponto dela ter sido desde o inicio desmembrada da Quimica
Organica, constituindo-se em "disciplina" a parte.

No seu desenvolvimento podemos distinguir tres fases prin
cipais: farmacogndstica; fitoquimica e integrada.

A-fase farmacognéstica teve seu inicio em 1847 com a vin
da de Theodoro Peckolt, farmacéutico alemdo e verdadeiro precursor
da guimica de produtos naturais no Brasil. Sua notavel contribui-
~ gdo consistiu na deécrigéo e estudo de cerca de seis mil plantas
usadas em medicina pdpular,_trabalho este continuado por seu fi-
lho Gustavo Peckolt e neto Oswaldo Peckolt. Destaquemos também a
contribuicdo do botanico Manuel Pio Correa gue nos deixou uma obra
notavel gque é o "Dicionario de Plantas Uteis do Brasil" de grande
inportégcia.para quem se dedica a Quimica de Produtos Naturais (Q. P. N.).

A fase fitoguimica teve seu inicio no final da década de
50, no Rio de Janeiro, pbr iniciativa de Walter Mors. Iniéialmen_
te, o grupo de guimicos incluiaVOtto R. Gottlieb e Mauro T. Maga-
lhdes no Instituto de ouimica Agricola, tendo na época como Dire-
tor Pausto Aita Gai. Posteriormente, o0 grupo de Mérsse'transferiu
para a Faculdade de Farmdcia da UFRJ com o apoio de Paulo Lacaz.
Este grupo congregou, Benjamin Gilbert, Roderick Barnes, Keith

Brown, Afonso P. Seabra, e no Instituto Nacional de Tecnologia,



Libero Antonaccio tendo Otto Gottlieb logo se transferido para a
Universidade de Brasilia criando um nicleo independente. Estes
pesquisadores do maior quilaﬁe foram os responsaveis pela formagao
da maioria dos quimicos que hoje se dedicam a esta disciplina.

A terceira fase, gue chamamos integrada, comegou a ser ar-
ticulada desde a deécada de 70. Seu objetivo seria de integrar &
quimica, a boténica e a farmacologia. Seria uma consequéncia natu
ral, apds o estagio avangado que cada uma destas disciplinas al-

cancou individualmente. Um programa interdisciplinar propiciaria

beneficios inegaveis ao pais. Se a nossa colocacao é feita no con
dicional é porque consideramos gue esta fase, de fato, ainda ndo
fol alcangada. A pesguisa interdisciplinar necessita de um progra-
ma de apSio financeiro que seria o catalizador da integragéo. To-
das as iniciativas neste sentido foram.decididamente apoiadas pe-
la comunidade cientffica envolvida mas blogqueadas pela inconmpreen
sdo da tecno-burocracia que tem dominado os organismos de fomentoi
a pesguica neste palis.

N&o fosse a insisténcia de alguns grupes gue Ccom 0S5 pou-
cos recursos disponiveis iﬁsistem em realizar este trabalho inte~
grado, diriamos que a terceira fase néo existe. De fato na situa-
céo presente estamos ainda na fase fitoguimica engatinhando para
- a integrégéo.

A nosso ver, a grande limitagio da Q.P.N, no Brasil é a
auséncia de uma infraestrutura basica para testes bioldgicos o que
permitiria o cumprimento de um de seus maiores objetivos, qual se
ja o0 de aplicar o grande potencial de suas descobeitas em benefi-
cio da nossa comunidade. Os custos de implantacao de ﬁm laboratd-—
rio para triagem de atividade bioldgica s&o elevados mas se justi

ficam plenamente por fechar este elo de trabalho interdisciplinar




de importdncia fundamental neste pais. De nada adianta falar de

potencialidade das aplicagbes de nossas plantas como fonte de me-~
dicamentos sem que tenhamos meios de testd-las até para proteger
nossas populag¢des de um possivel mau uso.

Por razées até cﬁlturais, via de regra, nossa atencac &
voltada para,as aplicacbes farmacéuticas. No entanto nao podemos
perder de vista gue a quimica de produtos naturais tem muitas ou-
tras - aplicagoes e que economicamente sdo até mais importan

tes, como na perfumaria, alimentos, corantes, resinas agentes ten

soativos, etc.

Bo iniciarmos nossas atividades de pesquisa nesta Univer
sidade procuramos, antes, avaliar as areas de nosso interesse, que
fossem complementares aos Qrupos de pesquisa existentes e que
permitisse trazer nossa contribuicdo. Os alcaldides constituem
uma grande classe de ptodutos, com aproximadamente 5.000 compostos

"conhecidos, gue atraiu pouco interesse dos gquimicos no Brasil a
excegdo de LiberoAntonaccio, Benjamin Gilbert e seu grupo zté abando
fiarem esta area de pesquisa no inicio da década de 70. Por serenm
derivados de aminodcidos, estas substéneias possuem um grande po-
tencial de atividade biologica constituindo-se num excelente campo
de pesdquisa.

: bDesde o inicic as nossas ?esquisas objetivaram o iscla-
mento, a determinagéo estrutural, a sintese, a aplicacgdo dé méto-
dos rapidos de determinagio estrﬁtural e o estudo estereoquimico
dos @rodutos naturais, principalmente de alcaldides indélicose:isg
quinolinicos de diversos tipos. |

| Isolamos cerca de tres dezenas de alcaldides indolicos
dentre os quais seis estruturas novas%ﬂ ' alguns alcaloides iso-

3 g5
quinolinicos , furoguinolinicos e outras substéancias ndo al-

1



6
caloidicas .

Em nosso trabalho estivemos' sempre preocupados com a

atividade biologica . dos . extratos e produtos isolados, Nes-

3 7-—- 9
te sentido em colaboracao com o Dr, Urbano M. F. Meirelles

e Dra Nilce Meirelles estudamos a acao sobre a musculatura li-
10 ‘
sa e efeitos bioguimicos de varios compostos benzilisoquinoli-

‘nicos; e com Dr2 Marilda M.de Oliveira a atividade anticancerige-—
11
na de alcaloides inddlicos . Infelizmente as dificuldades emcon

tinuar este trabalho conjunto com os farmacologistas foram cres-

centes até descontinuarmos momentaneamente esta parte do NoSsSso
projeto cientifico.

A contribuicdo mais significativa que pudemos trazer si-

13

tua-se no estudo de Ressondncia Magnética Nuclear de C de produ

12
tos naturais. Tivemos oportunidade de analisar: &acido graxos
B 13
dcidos diidrocinamicos : alcaldides peptidicos ; alcaldides inddli-
14 15 . o, . Le=22
licos °  ealcaldides isoquinolinicos . de. diversos tipos . Neste

dltimo grupo de substancias, isoquinolinicos, poucas referéncias
constavam da literatura e nos dedicamos com afinco para localizar
fontes destes produtos ou conseguir colegdes de substancias gue
nos permitiram estuda-las sistematicamente e publicar diversos
l6w22

trabalhos .  Estudamos cexca de 80 compostos que
certamente sao hoje de grande valia para pesquisadores atuando
nesta area de produtos naturais.

A andlise dos alcaldides bisbenzilisoguinolinicos foi

certamente o trabalho mais complexo que realizamos, tendo sido nos

sas as primeiras referéncias na literatura sobre Ressondncia Magnéti

13

ca Nuclear de C dessas substancias, apesar de outros grupos fo-

ra do pais estarem dedicados também a este mesmo objetivo.



CAPTTULO I

ISOLAMENTO E DETERMINACAO ESTRUTURAL

A guimica dos alcaldides é muito atraente, seja pelo po-
tencial de atividade bioldgica ou pela grande diversidade de es-
truturas que se constitui num desafio académico a qualquer pesqui
sador atuando na area de produtos naturais. Tratam-se de substan-
cias freqﬁentemente frageis e seu manuseio exige metodologia cui-
dadosa gue permita sua separagéo e purificagao. Por outro lado es
tas bases sdo convenientes para a preparacgdo de sails hidrossoli-
veis gue sdo mais apropriados para os ensalos de atividade biolo-
gica.

Concentramos nossos esforgos no estudo dos alcaldides in
dbélicos e pox consequéncia nosso interesse voltou-se para a

familia Apocinaceae. Desta tivemos a oportunidade de estudar duas

espécies deAspidosperma: Aspidosperma pruinosum e Aspidosperma Ya--

miflorum e uma espécie do genero Peschiera - Peschiera fuchsiaefo-

lia. Mais de duas dezenas de compostos foram isolades sendo seis

deles novos. Tivemos também oportunidade de estudar uma Ruta-

ceae -~ Adiscanthus fusciflorus, uma Lauraceae - Ocotea sSp, uma Mo-

nimiaceae - Daphnandra dielsii e uma Menispermaceae~Chondodendron

tomentosum,

1. Adiscanthus fusciflorus

4 -
Esta espécie Rutaceae foi o objeto de trabalho  de Maria

de Nazare V. McDougal, ex-aluna, procedente do Instituto Nacional




de Pesquisa da Amazdnia. Os extratos desta planta foram simulti-
neamente enviadas ao nosso laboratérioco e ao do Prof. Gottlieb,
sem O nosso conhecimento reciproco, tendo levado ao isolamento
praticamente das mesmas substancias.'

Obtivemos alcaldides N-metil-4-metoxi-2-quinolona 1, ski
mianina 2 e Y-fagarina §_além de dois produtog novos derivados do
acido diidrocinamico,'3~[2', 6 '=dimetoxi-6", 6"-dimetilpirano{2",

3": 4', 3')fenil]-propibnico 4 e seu ester metilico 5.

0CH3 OCH3
N~ S0 - CHgo: NT N0
i

1 CH3 OCH3 2

4
s

2. Ocotea sp

Desta espécie de Lauraceae isolamos dois alcaloides ben-
zilisoquinolinicos: 1—-{p-metoxibenzil) - §, 7-dimetoxi isoguinolina
(DMP) 6 e 1~(p-metoxibenzil)-6, 7-metilenodioxi isoquinolina (MMIQ)
7 com o objetivo dGe manter um trabalho de colaboragéo com © Depar
tamento de Farmacologia consistindo de um estudo de eétrutura ver
sus atividade bioldgica destes compostos muito semelhantes a papa

3,7—10
verina g .
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CH CH=0
30 RN 0 SN 3 SN
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C Hg0 0 N chg0 ~
CH30
CH,O C H0 CH30
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O isolamento destes compostos nos permitiu comparar ati-
vidade biolégica do DMP 6 € MMIQ 7 com a papaverina cuja agdo )
tradicionalmente conhecida. Por outro lado nos permitiu o inicio

13C 13

do estudo de Ressonadncia Magnética Nuclear de (RMN de C)

dos alcaldides isoquinolinicos.

3. Daphnandra dielsii

Uma espécie australiana da familia Menispermaceae, cujo

extrato nos foi enviado pelo Prof. Ian Ralph C. Bick, foi estuda-

22
da por Luzia Kolke visando isolar alcaldides bisbenzilisoquino-

linicos com o objetivo de analisa-los por RMN de 13C.

Foram isoladas deste extrato a repandulina 3 e dielina

10 com estruturas ndo confirmadas. Foi desenvolvido um trabalhode

13C destes

reacoes gquimicas conjuntamente com andlise de RMN de
compostos e seus derivados, tendo sido confirmada quase que total

mente a estrutura destes dois alcaldides.




9 R=Ry=~0CH,0-
Ks; R]-'-"-H A F\’2:OCH3

4. Aspidosperma pruinosum - Aspidosperma ramiflorum

As espécies do género Aspidosperma foram distribuidas em

23
oito séries tendo sido sistemdaticamente estudadas por B. Gilbert

e seu grupo que entao reuniu as substancias isoladas em tres gru-
pos distintos (ver quadros 1e2 pag. 13e 14) procurando dessa forma estabele—
cer uma correlagéo eﬁtre critérios gquimicos e morfoldgicos. Este
trabalho foi interrompido antes que todas as espécies tivessem si
do estudadas.

Decidimos entéo estudar as espécies gue néo tivessem si-
do analisadas e verificar se enquadravam no esguema proposto.

Aspidosperma pruinosum € uma espécie extra amazdnica que

foi estudada por Domingos Savio Nunes em sua Tese de Mestrado. Fo
ram isolados nove alcaldides: yoimbina 11; B yoimbina 12; 10-me-
toxigeissoschizol 13; 10-metoxi-diidrocorinanteol 14; normacusi-
na-B 15; compactinervina 16; 10-metoxiyoimbina 17; pruinosidina 18
e pruinosina 19." Os tres Gltimos alcaldides sdo compostos ndo des -

critos na literatura.

A determinagdo estrutural da 10-metoxiyoimbina 17 . foi

._68 R
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relativamente simples e feita baseada apenas em analise de espec-
tros usuais obtidos sem precisar recorrer a reagoes guimicas. Por
RMN de 13C fol possivel confirmar completamente a estereoquimica
deste- composto.

A pruinosidina 18 também néo apresentou grandes dificul-
dades. Os métodos fisicos usuais foram empregados tendo o espec-
tro de massa do composto apresentado muita semelhanca ao do 10-m§.
toxigeissoschizol 13. A estrutura e tambéma estereoguimica foram
confirmadas fazendo-se a metila@éo do composto 13 com iodeto  de

metila e posterior comparacdo, principalmente por RMN de 130

A determinagéo da estrutura da pruinosina 19 demandou uma
série de reagées guimicas associado as medidas espectroscodpicas
quecomparadascoﬁ dados da literatura permitiram a fixagﬁo total
da estrutura inclusive sua estereoquinica(Esquema 1).

O isolamento de indolquinolizidinas se constituiu numa
excelente oportunidade de analisar suas diferentes conformacdes.
Até hoje persiste a polémicé em torno da definigéo entre c¢is e
trans gquinolizidinas com diversos autores adotando técnicas (IV,
RgN de 1H e de ?BC) e critérios diversos. O problema € ainda
mais complexo porqguanto se sabe que a rapida inverséo do nitrogé-
nio pode interconverter os dois isémefos. Teremos oportunidade de

discutir o assunto no Capitulo II guando tratamos de RMN de 130.

INDOLQUINOLIZIDINAS




Com excecdao da compactinervina 16 que foi isolada em
pequena quantidade, todas as demais substd@ncias pertencem ao gru-

po II {quadro 1) o gue vem a confirmar a proposta de inclusio des
23 : '
sa espécie na série Nitida

24
O estudo de Aspidosperma ramiflorum foi interrompido e

somente ha pouco tempo reiniciado tendo sido isolados apenas dois
compostos: yoimbina 11 e B yoimbina 12. Apesar dessas substancias

pertencerem ao grupo II € prematuro incluir Aspidosperma ramiflo-

rum como espécie da série Nitida.

Este trabalho com Aspidosperma foi uma boa contribuicao
ao conhecimento deste género de grande dispersdo no Brasil. Gos-
tariamos de frisar gue apesar da correlacgdo entre critérios qui-

micos e botdnicos ser boa, achamos que é um trabalho a ser retoma

do, principalmente se considerarmos que a biossintese dos alca-
16ides indSlicos € atualmente bem conhecida e os grupos corinano,
ibogano e aspidospermano, perfeitamente definidos, séo diferentes
dos grupus propostos por B. Gilbert.

E fundamental que seja feita uma reviséo taxonémica do
género e que o trabalho quimico seja revisto com mais uniformida-
de nas técnicas de isolamento dos alcaléides. Do nosso ponto  de
vista a cromatografia liquida de alta eficiéncia deveria ser usa-
da na seﬁaragao e quantificagéo dos alcaldides.

Por outro lado,c isolamento de tres novas substénciasp&r
si 86 se constitui numa contribuigéo enriguecedora no campo des-

tes produtos derivados dos aminoacidos, além de aumentar nosso

conhecimento sobre a quimica deste género de Apocinacea.
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QUADRO 1

CLASSIFICAGAD QUIMICA DOS ALCALOIDES
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Quadro 2

CLASSIFICACAO DAS ESPECIES ASPIDOSPERMA COM BASE

EM SEU CONTEUDO ALCALOIDAL

14

SERIES

ESPECIES

GRUFO I

GRUPO IZI

GRUPC III

Polyneura

I

gquebracho-blanco

polyneuron .
cylindrocarpon
chakensis

oW
T Dw

Polyneura

IT
aburneumnm
olivaceum

nigricans

W

= o
™
o o

Pyricolla

ulei
pyricollum
gomezianum
multiflorum
australe
parvifolium

Mmoo o
DR v R i

Tomentosa

subincanum
dasycarpon
tomentosum

Qoo
OHES
=

Macrocar—

macrocarpon
verbascifolium
ducke

£ e B

Macroloba

pyrifolium
refractum
populifolium

Q2

Nobiles

album
spruceanum
obscurinervium
neblinae

limae

fendleri
sandwithianum
megalocarpon
exaltum

UorHOHE oD
HOOUD ® O

Nitida

marcgravianum
auriculatum
oblongum
discolor
rigidum
carapanauba
pruinosum

HOOO0

THEOD W

compactinervium




5. Peschiera fuchsiaefolia

Esta espécie de Apocinaceae foi objeto da Tese de Mestra
do da Sr@2 Raquel Marques Bragal”lé,

A atividade anticancerigena evidenciada por alguns alca-
1dides bisinddlicos, dos quais os mais significativos sdo a vim-
blastina - VLB 20 e vincristina - VCR 21, nos interessou pelo es-

tudo dessa espécie que sabiamos haver sido isolada a voacamina 22.

C trabalho foi dirigido para o isolamento dessas substdncias dimé

ricas e foram isolados: voacamina 22; descarbometoxivoacami-

N

na

1

3; desmetilvoacamina 24 e voacamidina 25 (bisindéis); voacan-
ginaidroxiindeolenina 26; perivina 27; 16-epiafinina 28; voacangi-
na 29; Qoacalotina 30 e afinisina 31.

Os diferentes extratos dessa planta foram submetidos a
ensaios farmacoldgicos no Instituto Bioldgico em Sdc Paulo com a
Dra Marilda M. de Qliveira e Qerificou—se gue as fragées polares
(Extratoc G) eram ativas Kpag. 18). - Tais fragées foram estudadas
tendo sido isolados tres alcaldides indSlicos quaterndrivs de es-
trutura até entéo desconheéida: fuchsiafolina 32; 12-nethoxi-Nb-me-
tilvoacalotina 33 e o éster etilico do 12-metoxi-Nb-metilvoacalo-
tina 34. _

"A determinagao da estrutura da fuchsiaefolina 32 foi fei
ta baseada nos dados espéctroscépicos usuais (IV, UV, BM e RMN de
1 13

H) além da RMN de C. O 12-metoxi-Nb-metilvoacalotina 33 e seu
respectivo ester etilico 34 tiveram sua estrutura também determi-
nada pelos métodos acima referidos e por um estudo de RMN de.13(2cog

parativo com o composto 35 preparado por reacdo da voacalotina 30

com iodeto de metila.
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r—

29 o 31 R=CH;0H ; R,=H
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Néo nos foi possivel submeter estes sais a ensaios big-.
16gicos mas o seu isolamento tem como aspecto positivo a descobeg
ta de novos alcaldides quaternirios. Estes compostos sdo incomuns
pela presenca de uma metoxila na posigao 12. Outro aspecto rele-
vante deste trabalho foi o isolamento de perivina 27, composto a
acilinddlico que juntamente com voacangina 29 sdo consideradas pre

cursores dos bisindélicos do tipo voacamina 22,
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Os trabalhos experimentais foram realizados com leucemia

linfocitica P 388 em camundongos DBA/2, pesando de 15 a 18 gr. O

tratamento foi feito por nove dias consecutivos, através da inocu

lagao intraperitonal da droga. A avaliacdo dos resultados foi fei

ta marcando-se diariamente o numero de animais mortos e calculan-

do-se ao término da experiéncia o tempo médio de sobrevida do con

T

trole (C} e dos tratados (T). Valores de T/C maiores que 125 % in

dicam atividades significante.

Subst.

Extr.
Extr.
Extr.
Extr,
Extr.
Extr.
Extr.

24

24

24

Cc

C

C

C

G

G

G

Os resultados dos testes até agora realizados s&o:

Dose T/C

ng /Xg %
50 121
70 257
70 116,6
70 92

47,5 125
60 138
75 146
32 85
16 183
16 111

A analise dos resultados obtidos até agora sdo:
Extr. C inativo
Extr. G ativo (compostos polares)

24 demonstra ter atividade, porém em vista dos

Avaliacio

n%o ativo
ativo
nao ativo
néo ativo
ativo
ativo
ativo
téxico
ativo

ndoc ativo

resulta-
11

dos nao concordantes, deveria ser submetido a novos testes .
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CAPITULO IIX

RESSONANCIA NUCLEAR MAGNETICA DE T3C

A diversidade de estruturas elaboradas pelos organismos
vivos sempre trouxe para os quimicos desafios que séo ao mesmo tem
po dificeis e fascinantes a superar. 0s compostos orgénicos sdo
disseminados aos milhares e na elucidagéo de suas estruturas sdo

usados inimeros métodos quimicos e fisico-quimicos obrigando  os

que atuam na area de quimica de produtos naturais a diversifica-
rem seus conhecimentos a fim de poderem trazer uma contribuigéo
cientifica consideravel.

A evolugéo desta disciplina é cheia de contribuigées de
“outras areas, notadamente da fisica, eletrénica e ultimamente da
computaqao sem as quais estariamos hoje ainda gastando anos de
trabalhq para determinagées estruturais.

0 advento da espectroscopia dé infravermelho, de ultra-
violeta-visivel, da espectrometria de massa e da Ressonancia Magné
tica Nuclear (RMN) foram decisivas. A difragéocﬂaRaios X princi
palmente com os novos difratﬁmetros automaticos colocaram em nos-
sas maosvinstrumentais poderosissimos e capazes de solucionar a
grande maioria dos problemas estruturais. A unica limitagao do
Raios X é a exigéncia de cristais nem sempre disponiveis o que al
gumas vezes podem ser.obtidos através de derivados dos produtos a
serém analisados.

A RMN de protons através da andlise de deslocamentos qui
micos e constantes de acoplamento fornece informagﬁes conclusivas
sobre a estrutura de muitos compostos orgénicos-e tambem teve um

progresso consideravel com o advento de novos aparelhos de alto



campo magnético (im&s supercondutores) que além de permitirem uma
otima resolucdo de moléculas complexas traz consigo novas técni-
cas como INDOR, ressonéncia diferencial e outras.

Apesar de todas estas vantagens a RMN de 1H apresenta co
mo.limitagéo maior o fato de nada revelar sobre o esqueleto de
atomos de carbono.

A andlise de RMN de 13C sempre foi possivel pois este ni

cleo possul Spin 1/2 e portanto teoricamente observavel.

Na pratica trata-se de um problema dificil. O 13C possul um tempo

de relaxacdo longitudinal mais longo do que o 1H, sua. abun-
dancia natural é de apenas 1,1% exigindo grande cquantidade de

. o~ . P 13 .
amostra e devido a pequena razdao giromagnética do C a sua sensi

Tay .

bilidade em abundancia natural € menor (1,59x10“2 do gue de

Além das dificuldades acima se sobrepunham outras de or-
dem instrumental. A balxa razﬁo sinal/ ruido (S/R) poderia ser
superada pela acumulagao dc espectro obtido na memdria de um com-
putador, no entanto a estabilidade do aparelho de RMN convencio-

13C em boas

nal € baixa para permitir a obtengéo de espectro de
condigées.

O desenvolvimento da técnica de RMN pulsada com transfor
mada de Fourier permitiu a um sd tempo superar todas as limita-

13Cnummétodo de rotina no estu

cﬁés acima, transformando a RMN de
do de moleculas org&nic&s.

' A técnica consiste em irradiar a amostra com um pulso
curto de alta poténcia de forma a ex¢itarwu3mesmo tempo todas

as frequéncias de Larmor dos 13

C da molecula. O interferograma
obtido contém toda a informacdo de RMN. Este interferograma é uma
fungdo de onda complexo, resultante da superposicac de todas .:as

frequéncias de Larmor estimuladas pelo pulso, que & convertidoma

tematicamente em um espectro de frequéncias de  Larmor = no



espectro de RMN propriamente dito, pela transformada de Fourier.
A transformada de Fourier do interferograma do pulso, pode ser
feita em segundos por um computador, obtendo-se um espectro com
uma relacgdo sinal/ruido (S/R) muito maior do que em um espectronetro
convencional. A relacaoc S/R pode ser aumentada de v {(n= nimero de
acumulagées) se acumularmos os interferogramas na meméria do com-
putador antes de procedermos a transformada de Fourier. Dessa
forma, a partir de (1972 observamos uma disseminacéockaequipamentos

de RMN com TF e um progresso constante no uso da RMN de 13C.

Conforme assinalamos anteriormente, a partir do desenvol-
vimento de aparelhos operando com transformada de Fourier a8 RMN
de 130 tomou um impulso muito grande e seu potencial aplicdvel na
guimica de produtos naturais foi detectado. Atribuimos ao Frof.
Ernest VWenkert uma grande contribuigéo nesta area, notadamente no
campo dos alcaldides indSlicos. Moléculas extremamente complexas
foram analisadas e, alem da atribuigéo de deslocamentos quimi-
COS, & estereoquimica'e conformagées foram detectadas numa gama
muito ampla de compostos naturais.

A RMN de 13C atualmente € uma alternativa valida, em mui
tos'casos, a difragéo de Raios X, principalmente por ser este 1l-
timo instrumento caro e pouco accessivel a muitos Laboratdriosde
Produtos Naturais.

Todos estes aspéctos despertaram nosso interesse e deci-
dimos empreender um estudo sistehético de produtos naturais atra-

Vés-de RMN de 13

C. Nosso trabalho neste campo se estendeu aos:
Acidos graxos
Acidos diidrocindmicos

Alcaldides peptidicos




Alcaldides inddlicos
Alcaléides isoguinoliniceos: benzilisoquinolinicos
| oxoaporfinicos
aporfinicos

bisbenzilisoquineolinicos

1. Acidos Graxos

12
A andlise de dcidos graxos se restringiu aos E-2 insatu-

rados de seis a nove carbonos envolvendo calculos tedricos de desw

25
locamento quimico baseado em parametros de Bus e um estudo dos

efeitos eletrdnicos na transformagdo em seus respectivos sais sé-
dicos (Tabela 1}. Também foram analisados acidos graxos insatura—
dos E,E-2,4 de sels a nove carbonos, e seus sais (Tabela 1).

Este trabalhopermitiu que se evidenciasse a isomeriza-
¢do da dupla ligagdo do cloreto do &acido E,E-2,4-octadiendico
na preparagdo do éster ciclopentenilico deste acido. Observou-se
como produto desta reagéo uma mistura de ésteres do acido E,E-3,5

e E,Z-3,5- octadiendico na proporcdo de 1:1.

2. Acidos Diidrocinadmicos

Quando do estudo de Adiscanthus fusciflorus {(ver cap. .I}

foram isolados dois compostos novos derivados do acido diidrocind
mico: 3-[2', 6'~dimetoxi~6", 6"~dimetilpirano (2", 3"= 4',3') fe-

nil] -propionico 36 e seu éster metilico 37.
: 6
Fizemos um estudo de RMN de 13C destes compostos compa-~

rando-os com o derivado diidro 38 e o composto 39 que €& um produ-

26
to natural isolado de outra espécie de Rutaceae.
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Este trabalho permitiu confirmar totalmente a estrutura

dos produtos naturais isolados

36 Ry=CO,H R, =0CH3

37 R;=C0,CHz R,=0CH3

38 R;=COxH Ro=0CHy 4", 5" dihid
39 Ry=CHyOH Rp=H

3. Alcaldides Peptidicos

Os alcaldides ciclopeptidicos sdo compostos macrociclicos
com um anel de 14 membros possuindo interac¢des espaciais muito
interessantes de serem estudadas por RMN de 13C. Analisamos a scu
tianina D 40, scutianina E 41, seus respectivos o-acetil deriva-

13
dos 42 e 43 e algumas moléculas modelo . Direcionamos nosso tra-

balho para os carbonos sp3 procurando identificar interagﬁes que
fossem diagnéstico da configuragéo de determinados aminodcidos pre
sentes nestes alcaldides.

Observamos diferenc¢as marcantes nos carbonos da B8 hidro-
xileucina que diferenciavam claramente as configuragées L-aritro
da scutianina D 40 e D-eritro da scutianina E 41. Este trabalho
permitiu, por analogia, atribuir a configuragao L-eritro para as
discarinas A 44, B 45 e lasiodina B 46 cujos deslocamentos quimie

27
cos haviam anteriormente sido atribuidos .



40 Scutianing D 41 Scutigning E

L-eritro- B - hidroxileucing- D~ eritro - 3 - hidroxileucina-
— L-treo-f - fenilserina — D-treo-P- fenilserina

2 Q- acetil Scutianing D 43 0-acetil Scutianina



118.5

44 discarina A

46 lasiodina B

26

NH

136 .4
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4, Alcaldides Indolicos

Analisamos varias dezenas de alcaldides inddlicos entre
produtos naturais, seus derivados e compostos sintéticos. Estetra
balho abrange varios tipos de indois, incluindo mono e bis-indodis.
Nosso interesse esteve sempre voltado para a andlise estereoquimi
ca e conformacional além da simples atribuigao de deslocamentos

quimicos.

a- yoimbinoides

2
A estrutura da 10-metoxiyoimbina 47 foi determinada e

sua estereoquimica completamente resolvida sem maiores dificulda-

28
des por comparagao com dados da literatura .

b~ Pruinosina, seus derivados e moléculas modelo

2
Para determinar a estrutura da pruinosina 48, tivemos

que recorrer a uma analise completa de seus derivados e moléculas
modelo que foram sintetizadas para este fim. Dessa forma analisa-—

mos os deslocamentos guimicos de 13C do harmano 49 e Nb-metil-har—



Ir=z
\!
Z
\
=
-+
O
!

mano 50 previamente ao estudo da pruinosina.

Os deslocamentos quimicos dos carbonos dos aneis. "A" ,"B"
e "C" da pruinosina foram muito semelhante aos atribuidos ao com-—
posto 50.

A presenca de dois carbonos guirais no anel D, nos leva-
ram a uma analise mais acurada dos carbonos sp3 procurando identi
ficar as conformacdes possiveis.

Nas formulas 24 e 55 encontram-se as duas semi-~cadeiras
possiveis. Ambas apresentam barreiras termodinamicas consideré-
veis. Quando comparamos asrduas semi-cadeiras, observamos que os

cfb e 019 na férmula 54 estdo em posicdo trans—diaxial com interacdo

_ 3 y
C ' QP |
& . 21 16 1k H 05.-—-"" / |
N H Cig 2 Cis
19
: H H  H
s 1y 18 %/'N H :
) + 21

54 55 56

Fr—
— Arrirerre—
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131.2

1.9 21.8
108.0

1271
HS. 2

121.3

8.z
CH302C, |
$3.8 i

170.7
CHp0 —C—CHz

122.4

123. 4

124.8

118.0 21.5

12T

t08.0
9.3

121, 3

I135.8 N 133.9

i10.8 ! H’/ II H
H 32 <
44.7 ™ 138.1
51.7 | 118.9
C H302CE74_| 50.9 CH20-
51
it7.9 214

t2v.t 107.5

1t9, ¢

t21.0

20.3




butano gauche 019 - 014 e C16 - 021. Na Seml—cmkﬂﬁiéétmiCm e c‘]9

tem apenas uma interaqéo butano gauche entre si, com ambos 0s
substituintes em posigbes equatoriais.

Consideramos que a conformagioc mais estavel é a 55. Compa-
rando=-se a pruinosina 48 com seu produto de redugao 51 (sitsiri-
kina), cuja conformagao mais estavel paraocanel D é a 56, observa-
mos algumas alteragées significativas que atribuimocs a efeitosele
trénicos causados pela perda de aromaticidade do anel C. Desprote

¢do no: C,o de 134,7 + 138,1 ppm (A6=3,4 ppm); C,, de 26,2 + 32,0

14
ppm (Ad=5,8 ppm) e o de 33,6 + 44,7 ppm (Ad=11 ppm) .

A atribuicdo dos deslocamentos quimicos dos derivados da
pruinosina: sitsirikina 51, acetil~sitsirikina 52 e diidrositsi-

rikina 53 fol feita por comparagdo com a corinanteina 57 e dii-

29
drocorinanteina 58 .

Os deslocamentos quimicos dos carbonos C3, CG’ C14, C15,

Coo © €4 dos compostos 51, 52 e 53 serviram de diagndstico para o

esclarecimento da estereoquimica nos centros quirais C C e

3'
020. Os valores em torno de C3 ~59,5 ppm, C21 ~61,0 ppm e C

157

6 ~21,5

ppm tanto nos compostos 51, 52 e 53, como em gz'e 58 estudadoépor

-

17.9 21.8 : 1i7.9 2.9

I27.4 075 127.4 I107.5

120.9 1209

g0 18.0
139.2

115.4

CHOCH | CH302C CHOCHz




Wenkert, indicam uma juncdo C/D trans-quinolizidina. Os C de 51,

14
22 e 53, da mesma forma que em 57 e 58, tiveram deslocamentos qui

micos de ~32,0 ppm, € 0s Ce de ,;52 5 ppm.

Os dados obtidos para os carbonos 014 ~32,0 pm e C ~61

‘ 21
ppm dos compostos 51, 52 e 53 indicaram que os subtltulntes em
C15 e C20 sdo equatoriais como na estrutura 56 em comparacdo com
oS mesmos carbonos dos compostos 57 e ‘58.

Todos os derivados da pruinosina 48, possuem sistema qui

nolizidinico. A maioria dos ind6is sfo trans-—quinolizidinicos e

varios métodos foram desenvolvidos para diferenciar entre cis. e

trans. A RMN de '°C & um método eficiente para fazer esta diferen

ciacéo.

Os deslocamentos do Ciyr Cyy @ Ce séo usados com diagndsti—
co, sendo os valores de .59,5 ppm,,~61;0 ppm e 21,5 ppm respectivamen
te, sao caracteristicos de jungéé Cc/D traﬁs §§.enquantoﬁ;3m§3 ppm

6"17 ppm e C21~51 ppm identificam jungao C/D cis (60} et

Estudamos ainda dois produtos naturais i0-metoxi-diidro-—
corinanteol 59 e o 10-metoxi-geissoschizol 60. Os deslocamentos
guimicos indicam claramente que 59- € um alcaléide trans-quinolizidini

co e que 60 € cis~quinolizidinico

107.0

CH30 153.6 _ _ ‘ : / 127.8

1. 4
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¢) Alcaldides Quaternarios

0 isolamento da pruinosidina 61, fuchsiaefolina 62, 12-
metoxi-Nb-metilvoacalotina 63 e o éster etilico do 712-metoxi-Nb-
metilvoacalotina 64, todos sais de amdénio quaterndrio, nos levaram

13

a estudar estas substancias por RMN de C e comparar s efeitosda

quaternarizacao do Nb em comparagdo com estruturas. semelhantes dos

alcaldides isoquinolinicos.

Este estudo exigiu uma andlise mais extensa incluindo al
gumas moléculas sintéticas e produtos de metila¢do de substancias
naturais relacionadas. Dessa forma foram incluidas: o tetraidroar
mano 65, Nb-metil-tetraidroarmano 66,afinisina 67, Nb-metil-afini
sina 68, voacalotina gg; Nb~-metil~voacalotina 70 e 10-metoxi~gei-~

soschizol 71 (Quadro 3, pag.35).



‘A maioria destes inddis sdo do tipo sarpagina que pos-
suem uma guinuclidina na sua parte terpénica. Esta estrutura é ri
gida o que permite uma andlise da estereoquimica sem as dificulda
des de sistemas gque permitem trocas de conformagﬁes.

Antes de abordarmos os alcaldides quaternarios atribuimos
o0s carbonos da normacusinanB‘Zg; afinisina 67 e voacalotina 69 que
séo alcaldides tercidrios. Nao existem grandes diferencas nos car-
bonos spz destes compostos exceto no anel de cinco membros de 72

oqueé explicado pela auséncia da metila e o C12-que esta desprote

gido pela perda da interagéo Yy com o‘NMCH3.

O aspecto mais relevante deste trabalho é a observagéo
dos efeitos causados nos carbonos sp3 emn fungéo da configuracdo do
C16‘ Comparando~se os deslocamentos do C6 e C14 nos tres compog-
tos obsérvamos que nos compostos 72 e 67 estes carbonos absorvem
a ~27 e ~32 ppm respectivamente enquanto no 69 gue possui um subs
timﬁﬂtegggg em relacgdo ao indol, os valores sao 22,2 e 28,2 ppm.
Esta protegéo observada & consequéncia do substituinte que na posi-
g&o endo esta eclipsado em relagéo ac C. e gauche em relagéo ao

014 (Figura 1). A observagio destes carbonos (C6 e 014) pode ser

usada como diagndstico para a configuracao do C16 destes sistemas.

FIGURA L



Nb-metil-tetraidro~harmano 66

As atribuigbes dos deslocamentos quimicos deste compos-
to n§o apresentou maiores dificuldadés e se encontram direta-
mente sobre a formula 65. A transformag&o desta base em seu resg-
pectivo sal 66 produziu alteragées no anel C, semelhantes as
observadas no anel B dos alcaldides behzil—tetraidromisoquinolini
cosg zg_e-zglg. Os carbonos situados emn pOsigéo B en relagao ao no
Vo Nb-—CH3 foram desprotegidos de ~10 ppm: C3 a 65,6 ppm (A 6=10,2
ppn) , C; a 60,3 (AS = 9,6 ppm} e Cﬁ3 a 51,4 ppﬁ (A8 =9,3 ppm). Os
carbonos y foram protegidos: C6 a 17,6 ppm (A = =2,7 ppn), C3wCH3
a 15,1 ppm (A§ = ~3,1 ppm) e C, a 124,9 ppm {A§=~9,1 ppm).

A protegéo de ~9,1 ppm do C2 seria demasiadamente grande
para ser causada somente por uma interagéo Y. Também foi observa-
da a protecao do C7 a 102;9 ppm (Ad = -4 ,5 ppm} . Possivelmente a
protegéo do C7 e‘parte da protegﬁd do C2 seriam efeitos eletrénim
cos devidos a existéncia da carga positiva sobre o By sendo que
este ultimo {C2) sofre uma protegéo adicional em consequﬁncia de
uma interag§0 Y gauche com o Nb-metil adicional. Um efeito seme-
lﬁanée foi observado em carbonos correspondentes aos alcaldides?3
e 74.

A preocupagéo suplementar de reagir os alcaldides 67, 69
e 71 com iodeto de metiia para obtermos 68, 70 e 61 respectivamen
te se revelou de grande utilidade na interpretagao dos alcaloides

quaternarios novos (62, gﬁ}‘gi'e 61). Estas transformacdes apre-~

sentaram as mesmas alteragdes observadas nos deslocamentos quimi
cos do composto 66, com pequenas variacdes de A §, obtido por io-

dometilagdo 65 + 66 (ver gquadro 3).
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Fuchsiaefolina 62, ]2-metoxi-Nb-metil-voacalotina 63, és~

ter etilico do 12~metoxi-Nb-metil-voacalotina 64 e prui-

nosidina 61

Tres destes produtos naturais (62, 63 e 64) Séo inddis
substituidos por uma metoxila. A posigéo desta foi confirmada por
RMN de‘13c isto porque 12-metoxi~inddis sdo raros e os espectros
de ultravioleta disponiveis na literatura para este cromdforo séo

contraditorios.

Para atribuir os carbonos sp2 da porgdo indélica utiliza
" mos calculos empiricos considerando a fixacdo da metoxila ﬁos_ Cq
e C,,, usando valores de: C 4ps0 .+ 31,4 ppm, C 0ifo .-14,ppm, C me -
ta ~+1,0 ppm e C para ~~7,7 ppm, Estes valores apllcados no sal da

afinisina 68 nos conduziu a duas possibilidades a ou b.

Ho4

la
o
i

Dentre estas duas a que mais se aproxima de nossos dados
.-é a estrutura b, pois a estruturé a deve ser desprezada pela fal-
ta do sinal de carbono quaternirio & 112 e 138 ppm dos C~8 e Cwl3,
alem da falta de CH prdéximo & 101 ppm. Atribuimos a 1nteragao pe-
ri entre os grupos metoxila e Na~metil as dlscrepanclas observa-

das nes Cip @ Cy3+ Estes calculos estdo bem coerentes com o 7-me—

32
toxi-indol (c) admitindo-seuma invers&o nas atribuicSes dos Cy e Cq.



Os carbonos sp3 da fuchsiaefolina 62, apresentaram deslo
camentos quimicos semelhantes ao sal de afinisina 68. A estereo-
quimica do Cig foi determinada como sendo exo, baseando-se nos
deslocamentos dos C, e C14 com valores de 24,4 ppm e 30,6 ppn,
respectivamente, coerentes com os do sal da afinisina 68, (Qua~
dro 3). |

A diferenca basica do 12-metoxi-Nb-metil-voacalotina 63,
seu éster etilico 64 em relagdo a fuchsiaefolina 62 é que neste

altimo o Cig € monossubstituidc e nos dois primeiros é dissubs-—
tituido,

A dissubstituigio dos sais naturais observada por espec—
trometria de massa é confirmada pelos deslocamentos quimicos dos
Ce e C,, que estéo protegidos de 5,7 ppm e 3,0 ppm en relacdo a
fuchsiaeﬁolinaQEJ‘Variagées estas coerentes com interagées eclip-~
sada e gauche que o grupo adicional introduz nestes carbonos.

Nosso objetivo ao estudar a RMN~T3C destes compostos foi
0 de determinar a configuragéo do C16’. para o 12—metoximNb-meti£
voacalotina 63. A configurag%o do C16 no composto 64 foi propos
ta em analogia ao 12—metoxi—Nb—metilvoacalotina 63, pois acredita
mos que o primeiro sal € um artefato do dltimo.

Este objetivo foi alcancado, através da comparagao dire-
ta dos deslocamentos quimicos dos carbonos destes sais, com os do
iodeto de Nb-metilvoacalotina 70 obtido a partir de voacalotina.

De fato, guando comparamos os deslocamentos do CH.OH e

2
da carbonila (Quadro 3) nos dois sais naturais 63 e 64, com os do

sal da voacalotina 70, verificamos que a atribuicgio da estereoqui
mica dos sais naturais estd coerente.
O fato da carbonila ser protegida de 3,5 ppm quando pas-

samos da voacalotina 69 para seu sal 70, nos di mais uma evidén-



cia para que a atribuiqac dos carbonos no sal da afinisina 68 es-
ta correta, isto &, que ogrupo CH,OH neste ultimo composto seja
protegido de 2 ppm (Quadro3 },

Desta forma e por esta técnica pudemos estabelecer defi-
nitivamente a estrutura dos tres alcaldides indélicos novos, ten~
do inclusive determinado toda a sua estereoguimica,

A pruinosidina 61 ao contrario dos alcaldides anteriores,
que por sua estrutura quinuélidinica sdo rigidos, possui um siste
ma quinolizidinico que permite mudancas conformacionais. Temos que
considerar diversas conformag¢bes possiveis (a, b, ¢ e d) e inter-
pretar os valores dos deslocamentos guimicos observados. As atri-
bui¢bes se encontram diretamente sobre a fdrmula(Quadro 3).

Observando-se a estrutufa da pruinocsidina 61, vé-se que
este alcaldide se diferencia do 10-metoxi~-gessoschizol 71 apenas
pela presenca de um grupo metila ligade ac Nb., Isto foi confirma-
do através da reggéo de 71 com iodeto de metila, obtendo-se um
produto cujos espectros apresentaram total identidade com a prui—
nosidina.

Quando analisamos a estrutura do 10~metoxi-geissoschizol
Zi; concluimos gque agquele composto possui uma jungéo dos aneig
C/D do tipo cis quinolizidina tendo sua conformag&o preferida ilus
trada na férmula b. Esta conclus&o ¢ fundamentada nos deslocamen—

18,4 ppm e C

i

tos guimicos dos C3 = 54;: ppm, CG 2

melhantes aos observados na porgdo quinolizidinica do alcaldide

= 51,2 ppm, se

bisinddlico geissospermina 75. Apesar da orientacdo axial dos C2

e 016 serem termodinamicamente desfavorecidas estudos de Raios X

confirmaram esta conformagdo {b) para a geissospermina 75.

A tentativa de aplicagao na formula b dos parametros em-

- piricos desenvolvidos para os alcaléides quaternarios anteriores



At

apresentou desvios consideraveis que nos levaram a sugerir a con-

formagdo a para a pruinosidina 61 gue é semelhante & proposta

30, 31
ra a gelssoschizina 76

EO?O/\ 51,7

524

b (O
ia

d) Alcaldides Bis-inddlicos

15 :
Foram analisados seis compostos bisinddlicos do tipo

camina (ver tabela 2): voacamina 77; descarbometoxi-voacamina

20 B
CH§?“”””<r“

pa

§wcm

-

voa

78 ;

desmetilvoacamina 79; vbacamidiana‘gg; 19,20~diidrovoacamina 81

e diidro~desmetilvoacamnina 82.

Comparando~se a desmetil~voacamina e voacamina, observa-

mos que a introducdo do metila no Nb produz uma protecio nos

(A6 =-4,8 ppm) e C16 (A6‘=-6;3 ppm) . Esta protec¢do simultdnea

“s

é



TABELA 2

CARBONO 77 78 79 81 8o 82
2 135,5 135,5 135,5 135,6 134,9 135,7
3 37,4 37,6 37,1 37,2 37,1 37,3
5 ' 59,9 59,7 53,3 59,2 59,8 53,0
6 19,8 19,4 24,6 19,2 19,0 25,5
7 109,6 110,0 110,2 109,8 110,8 110,9
8 129,4 129 ,4 129,7 129,6 129,9 129,5
9 117,2 117,0 117,1 17,2 116,9 117,3
10 119 ,8% 118,6 118,7 118,6 118,5 118,7
11 121,3 121,2 121,3 121,3 120,5 121,3
12 110,1 110,0 110,6 110,5 109, 4 110, 4
13 136,2. 137,5 1371 136,9 137,4 137,1
14 36,6 36,1 36,3 31,4 37,1 31,6
15 33,3 33,4 34,1 32,8 32,1 33,4
16 . 46,0 46,7 52,3 49,7 46,9 52,3
18 12,3 12,2 12,0 11,4 12,2 11,1
19 118,7% 118,6 117,3 23,5 118,5 23,5
20 137,7 137,8 140 ,1 43,7 137,9 45,9
21 52,3 52,2 44,1 51,9 52,3 40,8
CoOMe 170,7 171,11 171,0 171,5 171,4 171,32
cooct,, 49,8 49,7 49,8 49,5 49,8 19,7
NMe 41,9 42,1 42,4 42,2
CHZOH . _
2 136,9 142,1 137,6 137,5 138,8 137,5
31 52,0 49,7 51,8 52,3 51,0 51,90
51 53,0 54,1 53,0 53,0 53,9 53,0
6" 22,1 20,6 . 22,2 22,2 34,6 22,2
70 109,6 108 ,4 109,6 110,3 109,0 109,8
gt 129,4 128 ,4 129,7 130,0 126 ,2% 130,71
gt 93,1 98,5 99, 1 99,0 126,4% 99,2
10" 150,6 150,7 150,7 . 150,8 152,14 150,9
11! 127,1 127,9 127,1 127,0 112,5 127,1
12 109,5 109,6 109,7 109,6 109,4 109,6
13" 130,0 129,0 130 ,1 130,3 131,8 13¢,2
141 27,2 26,1 27,3 27,3 27,2 27,3
151 31,8 31,7 31,9 31,9 31,8 31,9
16 54,8 40,9 54,8 54,8 55,8 54,9
17" 36,2 33,9 36,3 36,4 33,5 36,4
18" 11,5 11,8 11,6 11,6 11,6 11,5
191 26,6 27,6 26,7 26,7 26,7 26,7
20 38,8 41,7 38,9 38,9 38,9 38,9
21" 56,9 57,8 57,0 57,0 58,2 57,0
COOMe 174,9 174,9 175,0 175,5 174,9
CooCH 4 51,8 50,0 49,0 52,5 50,6
OMs 56,0 55,9 56,0 56,0 57,8 56,0

Obs: * o valor pode ser interconvertido dentro da mesma coluna.



explicada pela rapida inversao do Nb, com o Nb-metil num rdpido
equilibrio entre as posig¢des axial e equatorial induzindo a prote

¢do observada. As experiéncias feitas com variacdo de temperatura

na aquisigdo dos espectros de RMN de 13(3 para detectar os diferen

tes confdrmeros, foram infrutiferas.

RTwc}Is;RZ@ZCHB ligaciéono C”H ¢

R1=CH3;R2=H ligagaono CH '

sl e Ty = 3 =y ~ ha
R1 hH,I%—CozCH 11gacdo ne C1i

3
4R1=CH3;1{2=C£)2 3 ligacéao noC

R1=CH3;R2=CD2CEB; 19,20 dii-

- fro: ligagdo no (‘.‘11 .
MH Rz—OO UI 19,20 diidro;

iigagdo no C

i1t
Bt
N irrarrm—cus -,
“o
Figura 2 - INVERSAO DO*N"NA VOACAMINA

5. BAlcaldides Isoquinolinicos

Os isoquinolinicos sdo considerados.como o maior grupo
dentre os demais alcaldides. Coincidentemente o primeiro alcaldi-

de descoberto, a morfina, pertence ao grupo dos isoquinolinicos.



G desenvolvimento de novos métodos analiticos, e a apli-
cagdo de novas técnicas espectrofotométricas é o caminho natural
para facilitar o trabalho daqueles que se dedicam a quimica(kaprg
dutos naturais. Entre os alcaldides isoquinolinicos existem varios
exemplos de compostos que levaram décadas para terem sua estrutu-
ra conhecida.

Ao vislumbrarmos a potencialidade da RMN de |°¢C na qui-
mica de produtos naturais, nos surpreendemos que justamente no cam

0 dos alcaldides isoquinolinicos oucos pesgulisadores haviam sge
P P pesg

. 3337
interessado. Haviam poucos trabalhos publicades e muito tra=-

balho a ser feito. Estudamos mais de sete dezenas de alcaldides

16 17
isoquinclinicos: benzilisoquinolinicos (a) -, aporfinicos (b)

. 19 . 16,20m22, 38
oxoaporfinicos (¢} - e bisbenzilisoquinolinicos (d)

4

a) Benzilisoguinolinicos

Analisamos a papaverina 83, 1-~(p~metoxibenzil)~6,7~dime-

toxiisoquinolina 84, 1m(pmmetoxibehzil)~6,7~metilenodioxiisoquing



lina 85, nitro pépaverina 86, N-metil-papaverina 87, N-~metil-

1-(p-metoxibenzil)~6,7-dimetoxiisoguinolina 88, N-metilel-(p-meto

xibenzil)—@etilenodioxiisoquinolina gg, as tetra~hidrobenziliso-

quinolinas 90 e 91 e osfsais'quaternérios 92, 393 e 94. 0Os deslo-
camentos quimicos destes compostos se acham na tabela 3.

r Este trabalhoxe permitiu observar os efeitos eletrénicos

e espaciais causados pela quaternarizacéo destas bases e que fo-

- ram muito Gteis nos estudos de varios alcaldides naturais quater-—

narios isoquinolinicos. Tais estudos puderam ainda ser usados e

comparados com compostos inddlicos quaternarios e foram fundamen-—

tais nas determinacGes estruturais dos produtos naturais novos,

conforme vimos anteriormente.

102 2 4

Ry 2 Rp *~0CHp O — iRg=H
R| * R2 *R3 =0CH3 ; Rq = NO2 -

R \\ R
N
RE // .
Rz
R3
CHZ0 Rq Ciiz0

83 R FRp *R3 *0CH3 :Rq *H B7 Ry *R2*Rg =0CH3 80 RI*Rp =0CH3
84 R;“Rp 0CH3z ; Rz *Rgq *H 88 Ry =R, 70CH3 ;Ry =H '8l Ry Rp *—O0OCH2 —
85 R =R,=~0CH,0-; Ry=R =H 89 '
85

R

CHz

CH30

82 Ry ¥Ry Rz OCH3
83 Ry *R2=0CH3;R3*H
94

84 Ry *Rp=—0CH0—; Ry = H
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b) Aporfinicos

Os aporfinicos se constituem na segunda maior familia do
grupo dos alcaldides isoquinolinicos com mais de 85 compostos CoO-
nhecidos. Por outro lado a presenca de um sistema bifenilico per
mite dois arranjos espaciais, configurac¢ido L-S e configuragao D-R
extremamente interessantes de serem estudadas por RMN de 13C pelos

efeitos que os diversos tipos de substituintes podem causar em tais

sistemas.

Os diversos métodos fisicos de analises foram empregados
na determinac¢do estrutural destes compostos, mas nenhum deles, ex
ceto a difragdo de Raios X,resultou na fixacdo dos substituintes
sempre presentes nestes alcaloides.

Analisamosny quatorze alcaloides, bases e sais, com pa-
droes de substituicdo diferentes: N-metil-glaucina 95; xantoplaniw
na 26; laurifolina 97; O-etil-xantoplanina 98; 0,0'-dietil-laurifo
lina 99; N-metil-dicentrina 100; N-metil-isocoridina 101; 0,0-dime
til-magnoflorina 102; N-metil-coridina 103; magnoflorina 104; bol

dina 105; ocoteina 106; N-metil-boldina 107 e N-metil-occoteina 108.
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Os dados se encontram nas tabelas 4 e 5(pag. 48 e 49).

e X= ' CHz0
-
B CHz cH
+N 7 +N/ 3
R
® \\ R, 0
CHxz
CHy
Rp0 P
CH30
’ CH30 E
OR3
85 Ry "Rp*R3=CHy: X=1T 10l Ry® CHz; Rp=H; X=CL
96 Ry SR2%CHzjRy*H; X*I 102 Ry* Rp “CHz ; X*1I
97 Ri =CHz;Rp "Ry *H; X:CS 103 Ry = H;Rp=CHx: X 5C8
88 R| *Rz=CHz; Rz * Cplg i X=1 104 Ry=Rp=H ;X =1
99 Ry TCH3z;Rp=R3 *CoHg i X=1I
100 Ry Ry #~CHy —iRg"CHy 3 X1
R .
Rp0 s "=
__-CH3
+ i -
R30 N
CHa
CH30
ORg
' OR
105 R; "Rz*R4q°H; R3 =CHg 4
106 Ry “OCHg :Ry “Rg 7 —~CHp —; Ry "CHz 107 RIR2=Rg =M ;i R3=CHy; X=1

i08 R 0CHz;Rp "Ry “—~CHp = jR4*CHz; X*1

Através da observacgio dos efeitos da metilacdo de fendis

produzidos nas posicgles 4pso , 0hlo e pana podemos determinar cla-
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ramente posicbes das metoxilas muito comuns nestes alcaloides. Ou
tra observagao feita no decorrer deste trabalho é a cobhservacao da

alteracao do §ngulo do sistema bifenilico dos compostos substitui-

dos nas posigoes C C2,C%0 e CT

17 1°

Sabe-se que os carbonos de metoxilas 0440 substituidas sio
progressivamente desprotegidas a medida em gque aumenta o volume des
tes éubstituintesgg.Entretanto 0s valores para os carbonos das ne-
toxilas fixadas nos Cl e Cll da 0,0~dimetil-magnoflorina 102 estao

mais protegidos do gue og mesmos carbonos da N-metil-isocoridina

101 e N-metil-coridina 103. Por outro lado observou-se também pro
tecao dos C&ae C8<kalgg gquando comparados aos mesmos carbonos de
101 e 103. Estas alteragles sdo explicadas pelo aumento da conjuga
gao do oxigeénio éom 08 sistemas 1w dos anéis aromaticos corresponden

tes. Este aumento de conjugacdo & possivel pelo aumento de angulo

de torcac do sistema bifenilico destes compostos.
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c) Oxoaporfinicos

Este fol o primeiro trabalho'M publicado de RMN de 13C de
alcaldides. oxecaporfinicos. Foram analisados a oxo-O-metil-pukatei-
na 109, O-metil-moscatolina 110 e oxo~glaucina 1l1ll. Para facilitar
a atribuigao dos oxocaporfinicos tivemos que analisar previamente as
metanonas: papaveraldiné 112, (6,7-dimetoxiisoguinolinil}-(4'-meto
xifenil)metanona 113 e (6,7-metilenodioxiisoquinolinil)-(4-metoxi-

fenil)-metanona 114. Os deslocamentos quimicos se encontram nas ta

belas 6 e 7.

Re
109 R} = Rg *Rg ® H;R3 * Rz = ~CHp — i Rg=0CH3 112 R; =Rz *CHz ' Rz = OCHjy
110 R} =0CHz s Rp =Ry *CH3 1 Rg *Rg “Rg *H il Rj=Rz *CHz : R3 *H

i1l R} “R4=H; R2=Rz *CH3; R = Rg =0CH3 11 Ry *=Rg *~CHy— i Rz*H
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Tabela 6
Carbono 109 110 111 111°
1 147,3 148,2 148,9 155,9
la 104,4 115,4 119,1 120,1
1b 121,6 122,5 121,1 123,4
2 151,9 147,0 156,1 162,9
3 102,1 156,2 105,7 106,5
3a 135,2 130,8 134,8 135, 3
4 123,3 118,9 122,9 126,2
5 144,0 144,3 144,3 133,1
6a 144,3 145,0 144,9 141,7
7 182,0 182,3 180,7 174,8
7a 133,2 131,4 126, 3 133,1
8 120,2 127,9 109,2 110,1
9 129,1 128,7 150, 2 150, 2
10 116,1 134,1 153,2 156,7
11 156,0 127,4 109,7 111,3
lla 123,1 134,3 128,7 130,4
—OCH, 55,7 61,7 60,2% 61,6%
61,3 55,8 57,3
60,9 55,8 56,3
55,8 56,3
—~OCH.,0- 101,5

Obs: p CDCl3 + gotas de F3O&IX1

* sinal atribuido a netoxila no C

1



Tabela 7

Carbono 112 i13 114
1 _ 153,5 153,5 154,7
3 i39,7 139,9 140,2
4 120,59 121,1 121,7
4a 133,6 133,8 133,3
5 104,6 104,7 102,6
6 152,9 153,0 151,90
7 150,7 150,9 149,1
8 103,8 104,0 102,1
8a - 122,5 122,6 123,7
1! 129,6 129,7 129,17
2' 111,7 133,1 133,0
3 148,7 113,6 113,6
4" 153,5 163,0 163,8
5° 109,7 113,6 113,6
6’ 126,6 133,1 133,0
—OCH4 55,9 56,0 55,0

55,9 56,0

55,9 55,6

55,9
C=0 186,4 187,0 L o*
~OCH,0- 101,7

Obs: * devido a baixa concentracac da amostra, o sinal ndo foi detectado.



d) Bisbenzilisoquinolinicos

A famllia dos bisbenziltetrahidroisoquinolinicos (BRI} é a
maior dentre os compostos isoéuinolinicos estando subdividida en
vinte“e oito tipos estruturais diferentes. Estas substancias
sdo resultantes do acoplamento de duas unidades benziltetrahidro-
isoguinolinicos (BI)} e possﬁem, na maioria dos casos, estruturas
bastante complexas. Estes compostos triciclicos (BI) ao se asso-

ciarem formam um macrociclo com geralmente 18 Atomos e interacgdes
estruturais ao mesmo tempo atraentes e desafiadoras para uma ana-
lise conformacional.

'E indiscutivel a importdncia destes alcaloides que temum
largo espectro de acao biocldgica sendo no entanto a mais difundi-
da e popular a atividade curarizante.

Os trabalhcs anteriores com alcaloides . isoquinolinicos
mais simples serviram de suporte para a tarefa ardua de analisar
pela primeira vez estas moléculas altamente complexas.

0 estudo desta familia de alcaloides,que é parte integran
te da Tese de Doutoramento da Profa. Luzia Koike,exigiu uma asso-
ciagdao de RMN de lH e 130 e diferentes técnicas de obtencio dos es
pectros. Os compostos estudados pertencem a seis tipos: isocondon
- dendrina, bebeerina, berbamina, repandine, micrantina e repanduli

ia.

I) Alcaldides tipeo Isocondondendrina e bebeerina

Os composteos do tipo isocondondendrina 115 sdo simétricos
e por isto foram mais simples de serem analisados™® . Foram obser-
vados os efeites demetilagdo +:116 e acetilagéo-*;ﬁj;e quaternarizacao -+ 11

destes alcaldides, cujas atribuicGes se encontraram nas tabelas8e 11 (pad.58 e61).
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s
15 Ry =0H .
116 Ry =0CHz
e Ry = 9
o’jk(:ﬁ?,

U9 Ry *Rp =H {a,b=R,R) 127 R|=R3=Rg =H; Ry =CHz. X=Ci~ (a,b=RS
{20 Ry =R =CHz (a,b=R,R) 128 Ry*R3H ; Rp"Rgq=CHz;X=1"{gb=R,$)
121 Ry =CHz R2 =H {(a,b =R,R) 129 R|=R27H; R3=R47CHz;X=1" (a,b =R,R}
[22 Ry =H;Rz *CH3 (0.b*R,R) I30 Ry Ry Rz *Rgq *CHx ; X= I~ la,b = R,R)

23 Ry =CH3;R’2”AC{U,b'~’R.R}

t

Rl =R2=R3=R4=H" ¥=Cl {a,b =RR!

|

Ry ®Ac ; Rz "CHz{a.,b= RR)
126 R| ®=Ac ;Rp*Ac {a,b=R,R}
26 Ry =Ra:H la,b=RS)



Estes dados foram muito importantes na analise dos compostos do ti
po bebeerina 119. Nestes tivemos oportunidade de analisar néo s0
diversos derivados metilados e acetilados seletivamente, 120 12

122 123 124 e 125 mas também a condrocurina 126 que é o diaste-

reoisomero da bebeerina 119. Foram também analisados os sais qua-
ternarios derivados da condrocurina (127 e 128) e da bebeerina (129
130 e 131). Estes compostos se caracterizam por apreséntarem as
unidades BI unidas por ligac¢des etereas do tipo "cabecga-~cauda". Os

deslocamentos quimicos se encontram nas tabelas 9 e 11 (pag.59 e 61},

Da anidlise dos compostos tipo bebeerina ressaltaram impog‘
tantes informacdes do ponto de vista conformacional.

Os valores de ¢ dos carbonos C4 ou C4, revelaram-se diag-
nosticos da posicgdo relativa do N-CH3 ou N'w CHB' Assim, conside-
rando~se o anel B' da bebeerina, o C4,a.24ﬁ_ppmjmdnxique o N'-CH

3
estd em posi¢do preferencialmente equatorial. Por outro lado, o C

37
a 44,6 ppm & resultado de uma interaglc "y gauche" entre o Co' e
C31- 0 C4 @ 21,6 ppm indica claramente uma maior interacio com o
N~CH3, gue assim deve estar em posigao axial, dessa forma propomos
as semicadeiras para oS - anéis B' e B, respectivamente.
Comparando-se a bebeerina 119 com seu diastereoisdmero con
drocurina 126 nota-se gque os deslocamentos quimicos dos carbonos
sao muito semelhantes, exceto para Cé que sofre protecgao de
A§ =-1,6 ppm (8§ = 119,5ppmem 119 para § = 117,9pom em 126), e para
C3, que sofre desprotegdo de A§ = + 1,9 ppm (8= 44,6 ppm enm 119 pa
ra &= 46,5 ppm em 126). A conformaci3o preferida para o anel B' de
ambos os compostos € uma semi-cadeira com o Ca pseudo-axial em 119e
pseudo~equatorial em 126. Esta conformacdo para a condrocurina im

plica uma interacdo peri entre o C8' e 0 Co', e uma eliminacao da

interacdo "y gauche" entre Ca' e C3,, causando protecao no CB'



ANEL B 442

CONDROCURINA 126

(&6: -1,6 ppm) e desprotec¢do no Cqn (406 = + 1,9 ppm), respectiva-
ﬁente. |

Por outro lado a analise por RMN de lH e sua _correlagéo
com os dados de l3C nos permitiu detectar a conformagao preferida
destes compostos. Os anéis A', B' e C' adotam uma conformacgdo do-
brada semelhante a laudanosina 132. Os anéis A, B e C uma conforma
¢do estendida, em virtude da substituicdo no C8' gue afasta o anel
c devforma semelhante ao que se observa no composto 133. Em funcgdc

das analises desenvolvidas sugere—-se que em solucdo estes alcaldoi-
des adguirem conformagées preferidas apresentada na figura 3 (pag. 62)
para a série bebeerina 119 e na figura 4 (pag. 63) para a condrocurina 126.
'Em funcado da conformagdo proposta para a bebeerina 119
(fig. 3 ) observou-se gque quando se introduz um substituinte maior
na posicao Cl2 o anel C sofre rotacgdo projetando o ClZ para a par-

te externa da molécula a fim de aliviar a compressio espacial exis
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tente no interior desta. Esta rotacgdo aproxima O HS" ao mesmo tem
po que afasta o H14, da regiao de proteg¢ao anisotrdpica do anel

C'. Por exemplo na transformacdo da bebeerina 119 em 7,12,0,0-di-

metil~bebeerina 120, nota-se protecgac de prdton H (Ad==0,45 ppm

8]

e desprotecgao do H (AS§ = + 0,20 ppm). A rotacdo altera tam-

14"
bém a conjugacido do éter difenilico A'-0-C destes alcaldides au-
mentando a conjugacao do oxigénio com o anel A' e causando uma pro
e C

tecdo nos deslocamentos gquimicos dos carbonos C 0

8" C6r © Caar
C6‘ € o menos afetado, devido a efeitos secundarios relativos a
presenca da metoxila.

Comparando-se as conformagdes propbstas para a bebeerina
119 (figura 3 ) e condrocurina 126 (figura 4) observa-se que nes-
te altimo o H8' esta mais direcionado para o interior da zona de
protegdo do anel C'. A malor protecado no deslocamento quimico do
H8' da condrocurina 126 (6 = 5,90 ppm) em relacao ao H8' da bekee

rina 119 (8 = 6,04 ppm) confirma esta observacao e suporta a con-

formagao proposta para os compostos desta série.
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Tabela

Carbono 115 116 _J:__mlf-
1(1') 58,0 59,2 59, 4
3(3Y) 44,0 44,4 44,2
4(47) 25,8 24,6 24,5
4a(da’) 122,9 129,4 132,6
5(5') 107,3 108,9 108,7
6(6") 149,9 151, 4 150, 5
7(7") 135,7 138,5 129,3
8(8") 139,4 143,3 142,8
8(8a') 124,8 125,2 124,58
(") 129,0 130,1 130,38
10(10°) 127,28 127,78 128,08
11(11") 114,31l 113,611 113,911
12(12") 153,3 153,7 153,5
13(13") 117,41 117,01 117, 3§
14 (14 ") 128,68 128,38 128,21
15(15") 33,8 37,6 39,1
OCH, 55,2 59,7 55,8

55,7
NCH, 40,5 42,1 42,1

Obs: §; |l os valores podem ser interconvertidos dentro da mesma coluna.
T os deslocamentos quimicos do acetil C=0 e CH3 540 respectivamen—
~ te 166,9 e 19,6 ppm.




59

Tabela 9 .

§ {ppm) de 13C da série bebeerina-condrocurina

c 19 120 121 122 123 124 125 126

1 59,8 60,3 60,2 60,2 60,4 60,6 60,2 59,3
3 43,6 43,1 43,5 43,4 43,1 43,2 42,9 44,2
4 21,6 21,6 21,9 21,4 21,6 22,1 21,5 23,2
da x123,9 129,4 129,2 124,3 129,5 132,0 132,0 124,6
s 107,7 108,7 108,8 107,7 108,8 108,7 108,4 107,7
6 146,8 151,5 151,7 146,5 151,7 150,5 150,2 146,7
7 137,3 140,17 140,4 137,0 140,3 131,2 130,9 137,2
8  138,5 145,9 144,8 138,5 145,0 144,4 144,0 137,9
8a *124,0 124,2 124,2 124,3 124,1 124,3 123,7. 125,4
a 39,5 38,9 39,4 39,5 39,2 39,3 38,7 40,1
9  133,2 133,9 133,4 134,1 140,5 134,0 140,1 132,6

10 120,2 122,17 120,7 121,4  12t%,8  122,5 121,5  121,0
11 ,142,8  143,9 143,1 143,6 146,5 144,2 146,4  143,1
12 145,9 148,9 146,1 148,8 139,9 149,2 139,9 145,9
13 115,2 111,77 115,2  112,8  122,4 112,0 122,2  115,4
14  125,8 125,0 126,3 124,6 125,2 125,4 124,9 125,7
1* 64,7 64,9 65,2 64,7 64,6 63,1 64,8 64,4
3'* 44,6 45,6 45,4 45,0 45,0 45,7 45,4 46,5
4" 24,1 25,2 24,9 24,4 24,6 25,2 25,2 25,2
4a' 128,4 126,5 128,4 126,5 127,1 126,5 127,7 128,6
5'  112,0  112,1 112,06 111,9  112,2 112,4  112,0  111,9
6' 148,2 147,8 148,4 148,3 148,3 148,1 147,9 148,0
7' 4143,5 143,2  143,5 143,3  143,2 143,3 142,8 14311
8* 119,5 16,2 119,3 117,2 117,7 116,3 117,4 117,9
g8a' 128,4 127,9 128,3 127,5 127,2 127,2 128,0 128,1
«' 39,5 39,4 39,7 39,5 40,1 39,6 39,9 39,0
9*  131,5 131,5 131,3 131,5 131,2  132,7 132,3  131,7
10 131,3  131,9  132,0  131,5 131,9  132,0  131,7 132,2
11" 114,7  114,7  115,2  114,3  114,8 115,0 114,6 113,2
12'  1%5,2 155,2 155,6 155,0 155,4 154,7 154,4 155,4
13' 113,17 112,9  113,0 113,5 143,2 113,6 113,6 114,9
14*  129,2 129,0 129,6 129,3 129,3 129,3 129,0 129,9
Me 41,3 *41,3 *41,5 *41,4 41,4 *41,5 *41,1 +42,2
41,3 *42,1 *41,8 *41,8 41,4 *42,1 *41,9 +42,5

OMe 55,7 55,7 55,8 56,0 55,7 55,9 55,5 55,8
55,7 55,7 55,8 56,0 55,7 55,9 55,5 *56,0

60,8 61,0 56,0 60,9 55,9

c-7) (-7 (C-7)
C=0 ' 168,3 168,2 167,7
168, 1
CO-CH, 55,7 20,3 20,1 19,6
(C,,0CH,) 20,0

Obs: Os sinais * e + significam que ous dados podem estar invertidos.
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¢ (ppm) de_13

Tabela 11

C dos alcaldides BBI quaternarios das

séries bebeerina-condrocurina-isocondodendrina

61

£ 27 128 129 130 131 118
1 68,7 68,5 65,9 66,5 61,9 69,2
3 54,5 54,7 55,0 55,3 45,0 54,3
4 23,6 23,6 23,6 24,3 21,1 23,8
da 120, 1 125,4 120,4 125,6 120,0 121,2
5 108,7 109,7 108,8 10,3 107,9 109,8
6 149,6 154,3 149,0 154, 4 148,9 149,8
7 138,8 140,4 137,5 140, 4 137,7 137,5
8 137,4 143,8 138,2 144,9 138,2 138,6
8a 119,8 119,9 119,9 121,72 120,0 119,2
o 38,6 39,7 36,8 37,4 40,2 37,7
9 129,0 130,8 129,1 130,2 128,0 127 ,4
10 124,0 123,6 123,3 124,0 120,0 129,8
11 142, 4 142,5 142,0 143,0 142, 1 118,2
12 148,8 149,2 147,7 149,4 147,7 .154,6
13 116,7 114,5 117,1 114,1 116,5 114,9
14 127,4 127,8 123,9 124,6 126,0 129,4
]! 65,1 72,7 72,5 73,4 64,7 69,2
3" 45,9 54,2 55,0 55,5 44,4 54,3
41 22,6 23,6 23,6 24,3 21,1 23,8
4a’ 124,4 123,2 123,1 123,6 123,5 121,2
5° 112,3 112,9 113,0 113,7 112,3 109,8
6" 150,3 150,9 149,9 151,4 149,2 149,8
7' 146,4 146,0 145, 2 145, 4 144,2 137,5
8" 118,4 116,7 117,1 117,9 116,38 138,6
8a’ 121,0 121,3 122,17 123,1 121,9 119,2
o 40,0 37,0 38,0 38,8 39,7 37,7
9" 129,9 129,5 128,6 129,7 127,3 127,4
10" 134,0 134, 1 131,6 132,3 131,9 122,8
11" 115, 3 114,5 115,5 115,5 114,3 18,2
12° 156 ,4 156,5 155,7 156,6 155, 1 154,6
13" 113,1 112,9 113,0 113,7 113,7 114,9
L1 130,8 131,2 129,9 130,9 130,1 129,4
NMe 40,5 (N'), *51,0, 51,1, *51,4, 40,4, 51,8
*51,2, 51,1, *51,6, 40,4, 51,8
* 51,3 ), +52,9, *52,4, +52,8, 53,0
+54,7  *52,9  4+53,5 53,0

* 54,5 (N)
OMe 56,4, §56,1, +56,4, §56,7, 55,9, 57,0
56,4 §56,5, +56,7 §56,9, 55,9 57,0
56,5, 57,3,
C-,0CH, 60,7 61,4 .

Obs: Os sinais *, + e § significam que os dados podem estar invertidos.



Figura 3 - Conformacao preferida de bebeerina 11
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Figura 4 _ Conformacdo preferida de condrocurina 126




II. Alcaldides tipo Berbamina

Os alcaldoides BBI do tipo berbamina possuem suas unidades

BI unidas "cauda-cauda®.

A atribuicdo dos deslocamentcs guimicos de 13C da fean-

tina 134; tenuipina 135;nortenwipina 136; berbamina 137; O-acetilnortenui-
18
pina 138 e O-acetil berbamina 139 se encontram na tabela 12 {pag. 67).

34 Ri=Ro=0Me ; Rzg=H (R,R} 127 R=O0CHx; Ry=0H ; Ra=H (R; S}

135 R;= OMe ; RomRz=— OCHp0-(5,5) 138 Ry=0COCHz , Rp=Rx=—0CHs0~ (5,5}

126 Ry=OH ; Rp=Rz=—0CH0= (8,5} 139 R{=O0CHz ; Rp=—0COCHz; Ra=H (R,S]
~ 140 R=R;=0Me ; Rs=H {$,51}

Analisando os deslocamentos guimicos dos carbonos do anel
B' e 'examinando as possiveis conformagoes, podemos dizer que o
anel B' de 134 tende para uma semi cadeira onde o grupo N‘mCH3 ocu
pa uma posigado equatorial com pouca interagaoc com o Cyo (6= 25,3
ppm) mas com uma interacdo "y gauche" com Ca'. 0 anel B tende para
uma semi-cadeira com © grupo NuCH3 na posigdo axial com interacao

"y gauche"com o C,{6 = 22,1 ppm) e sem interacdo com C_{ fig. 5 )
4 o,



ANEL B ANEL B'

FIGURA 5

P 3
Comparamos os deslocamentos quimicos dos carbonos sp” do

par -feantina (R,R} 134 e berbamina(k,8)137 e verificamos que,
guando os centros quirais C.l e Cj. do produto natural tém a mesma
configuracdoc (RR ou SS), o AS = [Ca~Co']l € grande. Quando as confi
guragoes dos carbonos C1 @ C1, séo diferentes (RS ou SR}, os valo
res de Ad= [Ca-Ca'] sép menores, tendendo para zero.

No composto 137, cujos centros assimétricos C, e C pos

1 1!
suem configuracac R e §, respectivamente, os valores de § sdo pré-

ximos (Ca= 37,5 ppm e Co' = 38,2 ppm) com um A8 = 0,7 ppm. No conm-

1
¢ao R e R, tém (Ca= 41,9 ppm e Co' = 38,3 ppm}) o Aé= 3,6 ppm. 0

posto 134, cujos centros assimétricos C. e Cl, possuem configura-

valor extremo nesta série foi encontrado na tenulplna 135 (Ad= 4,0

ppm) Estes dados nos 1ndlcam gue ex1ste maior lnteragao 95pa01almu
na série R,R e 5,5 do que na série R,S ou S$,R. Neste tipo de alca
16ide BBI, os deslocamentos quimicos do Ca e Co' sio sensiveis a
configuracac dos centros gquirais, e estes valores podem ser indica
tivos de alcaloides que tenham configuracio idéntica (R,R ou 5,85)

ou diferentes (RS ou SR) nos centros quirais C., e C

1 1
Fizemos uma analise do anel macrociclico com modelos mole

culares "Dreiding" associando-a com a cristalografia’’ de raios-X
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da tetrandrina 140 e os deslocamentos quimicos da  feantina 134,
que € enantiomero da tetrandrina 140. Concluimos que também em so-
lugdo essa molécula adguire uma conformacdo "dobrada® para os anéis

A', B' e C' e "estendida” para os anéis A, B e C. O grupo N'CH, do

3
anel B' desta seérie ocupa posicdo preferencialmente equatorial e o
N—CH3 do anel B ocupa posigao preferencialmente axial de forma se—

melhante & estrutura cristalina®?®.

As conformacdes preferidas para a feantina | 134 e berba-
mina 137 estado propostas nas figquras 6 e 7, respectivamente. Ob-

serva-se gque a mudanca da configuragac do Cl, produz modificagoes
conformacionais ndo apenas na sua vizinhanca como também em todo o
anel macrociclico, e em consequéncia a conformacdo do anel B é al-
terada. Nota-se que o deslocamento quimico do 04 da feantina

134 e 22,1 ppm e na berbamina 137 & 23,9 ppm indicando uma reducgdo

da populac¢do conformacional da semi-cadeirana qual o metila de

N—CH3 é axial.



Tabela‘12

13

Dados de RMN- “¢C da série herbamina

[e]
-
L
<
-
o
—
o
—
~]
-
[¥%]

124 i3> 159 137 138 133
C-1 61,4 61,4 61,5 62,0 61,4 62,0
c-3 44,1 44,0 44,0 44,7 43,8 44,8
C--4 22,1 22,0 21,7 23,9 22,0 . 23,8
C-4a *128,0 *¥127,5 123,0 129,0 134,9 127,1
C-5 105,8 105,6 +104,7 105,4 105,6 105,14
C-6 151,2 - 151,2 145,60 151,7 149,7 151,7
c-7 137,9 136,6 134,3°  136,8 130,9 137,8
Cc-8 148,2 148,3 141,6 147,7 147.0 147,6
C-8a 123,0 122,4 123,0 120,1 122,4 120,3
C-a 41,9 42,2 42,2 37,5 42,7 37,6
c-9 134,9 136,4 136,5 134,0 136,5 137,8
C-10 116,2 110,3 110,3 115,3 110,5 116,9
C-11 146,9 143 ,1 143,1 143,8 143,1 151,4
C-12 149,3 133,4 133,3 147,3 133,4 141,5
C-13 111,6 148,1 148,2 114,6 148, 4 121,2
c-14 122,6 104,5 *104,5 123,5 104,6 123,3
C~1"' 63,9 63,7 63,5 63,4 64,1 63,7
Cc-3" 45,3 45,0 45,0 45,2 45,5 45,9
Cc-4" 25,3 24,8 - 25,2 24,8 24,9 25,5
C-4a’ *128,1 *127,9 +128,2 127,9 128,9 128,5
C-5" 112,7 112,5 112,8 111,1 112,5 111,0
C-6" 148,5 148,5 148,6 149,9 148,7 149,7
c-7" 143,7 143,6 143,3 143,4 142,6 143,3
c-8* 120,0 120,0 120,4 119,7 120,5 119,6
c-8a’ % 127,8 *¥127,2 +127,7 126,3 127,7 126,6
C—a’ 38,3 38,2 37,5 38,2 39,7 38,1
c-9! 134,9 ~134,9 135,1 134,66 134,9. 135,2
c-10" +129,9 +129,9 §129,9 *130,0 *130,0 *130,1
c-11" 121,7 121,5 121,4 121.,2 121,6 121,9
c-12" 153,6 153,3 153,1 153,9 153,4 153,9
Cc-13" 121,717 .121,5 121,4 121,4 121,6 121,7
Cc-14? +132,4 +132,4 §132,3 *132,0 *132,4 *132,1
NMe § 42,3 42,0 42,2 + 42,6 + 42,2 42,7
NMe * § 42,6 42,0 42,2 + 42,0 + 42,1 42,7
CMe 55,8 55,5 56,0 55,7 55,9 55,7
56,1 55,8 55,5 56,0 55,7 55,7 55,5
OMe (C-7} 60,1 60,0 60,3 ' - 60,4
OCH20 ‘ 101,2 101,2 101,3
C=0 ' 167,5 169,0
COCH3 19,7 20,8

Cbs: Os sinais *, +e§ significam que os dados podem estar invertidos.
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Figura 6 - Conformacio preferida da feantina 134

Q.




Figura 7 - Conforiracio preferida da berbamina 137

S




III- Alcaldides do tipo dafnolina -~ repandina

Os compostos do tipo dafnolina ~ repandina se caracteri-
zam por funqées das unidades BI "cauda - cauda". Eles se diferen-—
ciam dos compostos vistos anteriormente, por apresentarem um pa-
dr3o de substituicdo diferente nos aneéis CeC"*.

21 '
Analisamos os espectros da dafnolina 141, N-metil-dafno

N

lina 142, dafnandrina 1 3; O-metil-dafnandrina 144 {todos de con-

figuragdo C,-S; C,,~R), repandina 145 e O-metil~repandina 146 (am-

1 1!
bos de configuracao C;-S: C1,~S).

N ¥

Na N-metilacdo da dafnolina 141 - 142 observamos uma desprotegao

nos C, (A8 = +5,1 ppm) e C, (AS§ = +9,6 ppm) , e protecdo Yy no cBa'

3 1

(A§ ==2,7 ppm) e Ca' (A8 = -3,7 ppm), alterando-se muito pouco
C4..
0 deslocamento quimico do C4, (28,4 ppm) indica que. o

grupo metila sobre o nitrogénio de 142 entrou na'posicéo equato-
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rial, sendo gque os demais compostos desta série, os deslocamentos
guimico do carbono C4 variou entre 23,6 a 26,4 ppm. Estes valores
intermediarios indicam que o anel B esta sujeito a maiores mudan—
gas conformacionais, aumentando ¢ equilibrio entre as populacées
de semi-cadeiras com N~CH3 axial e equatorial. A interag&o Y en-

tre o grupo N-CH3 com © C4 sofre o efeito destas mudancas (figura

8 ), apresentando valores de deslocamentos quimicos intermediarios.

- Figura 8

ANEL B

Equilibrio entre as semi-cadeiras do anel B da série dafrolina-repandina,

A comparagéo feita entre a WN-metildafnolina 142 (S,R), e
repandina 145 (s,8), confirmou que também nesta série BBI o valor
de AS entre o Ca e Ca' de um mesmo composto da indicaqées sobre a
configuragéo dos centros quirais C1 e C1.. Quando estes centros
quirais tém a mesma configuragao (S, ou R,R) como por exemplo na
repandina 145, ,0 valor de A$ = [Ca=Ca'] = 3,1 ppm, e guando oS cen
tros gquirais tém configuragées diferen?es (RS ou S,R), comoem 142,
o A§[Ca-Ca'] = 1,7 ppm.

Uma analise dos deslocamentos quimicos de 145 e de 142,
que pertencem a séries diastereoisémeras, mais precisamente dos
carbonos Cer C4a" C9 e C14,, 0s quais estéo na posigao para a 1i

gacao ester difenilica entre os BI nos leva a concluir que na sé-

rie repandina ($,8) os angulos entre os planos dos anéis'A e A' e



C e C' sdo maiores em relacao a série dafnolina (SR).

Subst. CS Cda 1 Cg C1 4!

—

42 104,7 128,7 130,6 124 ,5
5

—

4

AS +1,8 +2,2 +1,7 -0,8

106,5 130,9 132,3 123,7

0 deslocamento quimico do C,, pode confirmar as modifica

8 1
¢Ses angulares existentes nas ligagles etéreas dos anéis AA'e CC'

das séries SR e SS. Na série SR o C esta sujeito a maior COmM~

8!
pressao espacial do anel C', apresentado um § = 117,3 em 142, en-
quanto gue na série S8, o composto 145 tem o Cgy & § = 119,38 ppm.
Isto é notado quando gse examina o modelo molecular de ambas as
séries diastereoisoméricas (figuras 9 e 10).

Nos alcaldides do tipo dafnolina o anel C & paia dissubs
tituido o que normalmente influencia a conformagéo dobrada. Essa
possibilidade no entanto & impedida pelo substituinte ligado ao
C

Por outro lado, a porgao A' B' C', onde o C, nao tem substi-

8" 8 _
tuinte que facilitaria uma conformagéo dobrada, apresenta um pa-
dréo meta de substituigio no anel C' que impede esta possibilida-—
de. Concluimos que para haver conformagao dobrada € necessario a
relagio pahra dissubstituido no anel C ou C' associada a ausén-
cia de substituinte no carbono C8 ou CB"

nacao desses dois fatores nesta série, prevalece a conformacgao es

Ndao havendo a conbi~

tendida para ambas as porgdes BI.
A analise das conformagles propostas para os alcaldides

das séries S,R (O-metildafnandrina 144) e S5 (repandina 145) evi-



i

dencia claramente as alteracées nos~§ngulos interplanares entre
os éteres A-O-A' e C-0-C' em consequéncia da mudan¢a de configura
céo no C1,. Estas alteragées sﬁo comprovadas, pelos deslocamentos
quimicos dos carbonos sp2 ja4 comentandas e sao confirmadas pela
RMNWTH tomando-se o 6 do proton HB8' nos diferentes compostos das
duas séries.

Nos compostos de configurag§es 5,R: dafnolina 141, N-me-
til-dafnolina 142, dafnandrina 143, e O-metildafnandrina 144 o pro
ton H8’ ressona a 5,76; 5,73; 5,66 e 5,70 ppm, respectivamente. E-
xaﬁinando—se a conformag&o preposta para a O-metildafnandrina 144

{(figura 9) observa-se gue o H esta direcionado para a regidoc de

g
protecdo anisotrdpica dos anéis C e C', razdo pela qual sofre res
sonancia a campo mais alto dos demais prétons arométicos.

Nos alcaldides de configuragao S,5 repandina 145 e O-me-
tilrepandina 146 os HB' sofrem ressonéncia ad =6,33 e 6,38 ppm.
Na conformagao proposta para a repandina 145 (figura 10) este pro-—
ton (HS') esta direcionadonalxgi&;dedeSprotegao anisotropica do
anel C', compensando dessa forma a protegéo causada pelec anel C,
consequentemente o H8’ sofre ressonéncia a campo mais altoc que os
demais protons aromaticos e ao mesmo tempo mais desprotegido gquan
do comparado com O mesmo préton na dafnolina 141 e em seus deriva

dos 142, 143 e 144. Estas diferencas observadas nos 6 do H gue

8 t
sdao » 0,6 ppm nos compostos S,R e SS sao ilustrativas das modifi-

cagbes acentuadas que se produzem nestes compostos macrociclos pe

la mudanca de configuragéo no centro quiral C1,.



Figura 9 - Conformac¢do preferida de O-metildafnandrina 14




Figura 10 ~ Conformacao preferida da repandina 145




IV- Alcaldides do tipo micrantina

Na série micrantina a jungéo das duas unidades benzilisg
gquinolinas formam um anel suplementar (anel D) do tipo dibenzodio
xinico, © gue torna estes compostos mais rigidos quando . compara-
dos com os das series precedentes. Seréo analisadas, alem da mi-

crantina 147, a O-metilmicrantina 148 e a ' N,O0-dimetilmicrantina

149.

Os deslocamentos guimicos dos 13C da micrantina 147 evi-

denciaram, de imediatd, valores para os deslocamentos guimicos dos

carbonos T3C sp2 diferentes dos demais BBI analisados. Em func¢ao

desta diferenca foi sintetizado o dibenzodioxina légﬁ

A0S carbonos sp2 de 147 totalmente substituidos os valores
(opm) :138,6; 137,7; 139,0 e 139,6 foram atribuidos aos carbonoscs,
C7,C7, e C6" respectivamente, por comparagao com os deslocamen-

tos quinicos dos carbonos semelhantes no medelo 150. 0©Os carbonos

C5 = 106,7 ppm, C4a = 126 ,7 ppm, C8a = 120,0 ppm e C6 = 147,7 ppm

foram atribuidos por comparacdc com os mesmos carbonos do anel A da
feantina{134) que &€ o modelo mais proximo, sendo confirmada pela cor-~
relagac comos demais compostos desta série. A faeantina tambem ser

viu de modelo para a seguinte atribuicdo dos deslocamentos quimi-

cos dos carbonos 13C dos anéis C e C': Cg = 135,0 ppm; Cio = 129,2
ppm; C11 = 120,6 ppm; C12 = 154 ,8 ppmn; C13 = 121,9 ppm; C14=131,2
g' = 132,5 ppnu(%0,=115,9pgn;011,z144,5 ppm

Ciyr = 145,8 ppm; Cigr = 116,5 ppm e C14 = 122,2 ppm {anel C').

ppm (para o anel C); C

Os demais carbonos sp2 foram assim atribuidos: C5I = 112,6 ppm;
Cgr = 117,6 ppm; C4a' = 130,7 ppm e CBa' = 128,6 ppm, por compara

gdo com os carbonos C.,, C c, ,ecC

5 8', "4a 8a’

A analise dos dados da g—metilmicrantina 148 permitiram

da dafnandrina 143.



confirmar as atribuigdes acima, principalmente as dos carbonos do
anel C, pois aqui também notamos os efeitos que a metilacdo do fe
nol sobre o C12, provoca nos deslocamentos quimicos deste anel,ou

seja, desprotegao em 4ipso C (AS = +3,9 ppm), onto C11JA6 = +1,2

12°

ppm) e paira Cg, (AS = %1,7 ppm) , € protegdao no carbono C orto

13°
(AS = -4,1 ppm), este Gltimo devido a interacdo "y gauche" entre

3

a metila sobre o fenol e o 013,.

Os deslocamentos quimicos dos carbonos alifiticos de 147

foram divididos em dois grupos, e foram atribuidos ao C, § = 23,5

4

ppm, N -CH, § = 41,2 ppm; Ca § = 42,2 ppm, C, 8 = 44,3 ppnm, c,

§ = 60,2 ppn do anel B, carbonos C,, 6 = 28,0 ppm, Cyy 6 =41,2 ppmy;
Ca’ § = 42,3 ppm e C1, 6 = 59,5 ppm do anel Bf, por analocgia aos
anéis B e B’ da dafnolina 141.

A N'-metilacdo da O-metil-micrantina 148 produzindo 143,
comprovou, pela semelhanca dos deslocamentos gquimicos apresenta-
dos com relagao a 147 e 148 que a atribuicéo destes compostos es-
td correta. A UGnica excegéo séo os carbonos do anel B', o que ija
era esperado, gque pela_reagéo de N’wme?ilagéo ocasionou um efeito
(A8 = +7,1

R de desprotecdo nos carbonos C {AS = %3,9 ppm) e C

3! 1
(AG = =1,2 ppm) e no Ca" (A8

[}

ppm) e fraca interacao y no C -0,3

4"
ppm) .

A existéncia do sistema dibenzodioxinico do anel D alte-
ra enormemente a conformac&o do macrociclo dos compostos desta s€
rie. Na unidade BI, composta pelos anéis A, B e C, o anel C, ape~
sar de apresentar a relacéo para entre o Ca e a ligagao éter dife
nilica, na_'m pode tomar uma conformacao dobrada, Por outﬁ:o lado,
a unidade BI, formada pelos anéis A' B' e C', n&o apresenta subs-

tituicaoc no carbono CB‘, e no entanto o anel C' tem o carbono Co'

e a ligacdo éter difenilica em relacgdo mefa, tendo que adotar .a



R

Tipo micranting

58.1

OCHS

(R,R) O,metil, N, metil, micrantina 149

e ca—"



Figura 11- Conformagao preferida da micrantina 147
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conformac$0 estendida., Por outro lado o éistema dibenzodioxinico
formado pela jungao dos anéis A e A' forgam ambas as porgﬁes BI a
adotarem conformagées estendidas. Consequentemente a flexibilida-
de destes compostos €& consideravelmente mais critica do que a dos
compostos das séries precendentes, devendo apresentar, em soluggo,

uma predominancia da conformagdo apresentada na figura 11.

V- Alcaldides do tipo Repandulina

Os componentes desta série possuem estrutura bem distin-
ta dos demais alcaldides bisbenzilisoquinolinas. Essas diferencas
consistem principalmente na presenca de um anel D que liga os
anéis A e A', e de uma ciclohexadienona no lugar do anel totalmen -
te aromatico (anel A)-encontrado em todas as séries anteriores.
Foram feitas as atribuigﬁes dos deslocamentos guimicos dos espec-
tros de RMN_13C da repandulina 151 e pseudo-repandulina (dielina)
152 e seus respectivos produtos de redugao, repandulinol 153 edie

1
linol 154 .

R) R2

TIPC REPANDULINA



Na atribuicdo dos. deslocamentos quimicos dos carbonos dos
anéis C e C' de 151 usou-se como modelo os deslocamentos quimicos
dos carbonos dos anéis C e C' da tenuipina 135. Desse modo, foram
atribuidos aos carbonos do anel C os respecticos deslocamentos qui
= 111,9: C = 133,4; C

Ci4 10 12 9 11
142,8 e C13 = 147,9 ppm e ainda § = 101,0 ppm ao carbono perten-

micos: = 103,8; C = 136,1; C

cente ao substituinte metilenodioxi.

Para o anel C' foram atribuidos aos carbonos C11,, C}3.,

Cao" Cg., 014, e C12., na ordem, os deslocamentos quimicos 123,2;
122,1;134,9; 132,4; 129,3; e 152,06 ppn,

Os carbonos do anel A' foram atribuidos levando-se em
consideracdo ¢ anel A' do composto que mais se assemelha, isto &,
a micrantina 147, portanto foram atribuldos aos carbonos CS"C8”

Co.re C

8a 4a
139,4; 140,1 ppnm, respectivamente.

. s C7., Cs,, 0s deslocamentos 114,9; 116,3; 127,8; 129,0;

Quanto aos carbonos sp2 remanescentes, atribue-se 193,7
ppm 4 carbonila, e os deslocamentos quimicos (8)a 148,0; 131,8;
125,7 e 112,9 ppm aos carbonos Cs, CBa' C4a © G5+ respectivamente.
0 deslocamento do Cq foi confirmado pela observagdo do  espectro
'totalmente acoplado, @omparacao com o espectro da dielinol 154, e
da irradiagdoc seletiva ha frequéncia de prdéton no espectro - de

13,

¢ de 152, usando~=se o deslocamento quimico do préton H.. Com e=-

5
feito, irradiando na frequéencia de 549 Hz o sinal duplo do CS na
dielina 152 coalesce (figura 12) Por outro lado podemos observar

L2
no composto 155, deslocamentos quimicos semelhantes para carbo

nos C,; Cg e Cq. A atribuigéo da Cha = 125,7 ppm e Coq = 131, 7 pmme
foi feita considerando as formas de ressondncia da cetona conjuga

da. Observande a figura 13 vé-se que a posicido relativa ao Caa é a

que mais deve sentir os efeitos da retirada de elétrons por resso



A

nancia, e por conseguinte deve estar mais desprotegida.

WMeO o

Figura 13

, AoSs carbonoé alifaticos de'lél foram atribuidos os seguin
tes deslocamentos quimicos: CT' = 64,9; CB" = 45,9; Cd‘ = 25,1 e
Co'= 38,9 ppm (para o anel B'); 0os quais permaneceram inalterados
apos a redugéo para fornecer o alcool 153. Os carbonos do anel B

foram atribuidos comparando~se com os carbonos situados na mesma

posicdo no composto 152 e no produto de redugao 153; sendo atri-
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Figura 12 - Espectro de RMN- "C da dielina 152

a} - totalmente desacoplado
b} - com desacoplamento seletivo de

proton H5 e HB'



buidos C1 = 62,7; C, = 49,9; C4:= 29,1; Ca = 37,7 ppm, respectiva
mente.

A anélise espectral do repandulinol 153 confirma a atri-
buigéo feita para a repandulina 151. Os carbonos dos anéis C, C',

B' e A' nao apresentaram diferencas nos deslocamentos quimicos.

No anel A, os carbonos posicionados B (CS; AS -17,7 ppm) e §
{CSa; AS§ = -8,3 ppm) sofreram protecgac devido a& retirada da conjg
gacado, pois a eliminacdo das formas de ressondncia (figura 13) ces

sa o efeito de. desprotecao observada no produto natural. O carbo-

no carbonilico ao se transformar em alcool secundario sofreu pro=
tegdao de A8 =-117,3 ppm e induziu protegao no carbono C_ {(Ad==5,0
ppm) e desprotegéo no C. (A8 = +9,2 ppm) . Os carbonos do anel B
também sofreram ligeiras modificagﬁes nos seus deslocamentos gqui-

= 61,1; C, = 49,2: C, = 28,4 e

micos e assim foram atribuidos: C 3 A

1
Co = 38,4 ppm.

A principal diferenca entre a pseudo-repandulina e a re-
pandulina & o.substituinte do anel C; que em 152 € metoxi e em151
metilenodioxi. Na atribuigao da dielina os carbonos pertencentes
ao anel C foram assinalados levando-se em consideracéo ¢ anel da

feantina 134, portanto foram assinalados C, = 135,7; C = 117,7;

9 10

= 146,0; C,, = 148,63 C 4 = 110,9 e C,4 = 123,4 ppm. Os de-

€11 12
mais anéis ndo apresentaram diferencas com relagdo a4 repandulina
151. A redugaoc de 152 forneceu 154, gue apresentou 0s mesmos efel
tos ao passar 151 »+ 153, confirmando as atribuicgdes feitas para

a repandulina. Devemos ressaltar gque o espectro de RMN de 130 da

dielina obtido com irradiagdo na frequéncia do préton Hy [(549 Hz)

figura 12] confirmou a atribuigdo feita para o Cg.



Este trabalho permitiu confirmar a quase totalidade da
estrutura da dielina e repandulina. Restou a ser confirmada a jun
cdo dos anéis D e A' que formamuma benzodioxina. A estrutura des-
ta parte das moléculas possuem dois éteres formados por:cig{kc6ﬁ
c,—0-C

8 7'
estes éteres seriam formados por: C15~Oqc7, e CS—O_CG" Usando-se

como nas f6rmulas 151 e 152, Na estrutura alternativa

——

modelos concluimos que ndo havia distincdo entre ambos que fosse

detectavel por RMN de 13C.
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Algumas agoes biologicas do 1-(p-metoxibenzil)-6,7-metilenodioxiisoquinolina

Resumo

Sfio descritos resultados preliminares obtidos
pela andilise de propriedades bioldgicas do 1-(p-me-
toxibeszil)-6,7-metilenodioxiisoquinolina  (MMIQ),
extraido de uma Lauraceae, género Ocotea, das re-
dondezas de Manaus, AM.

Dois alcaldides do tipo benzilisoquinolina
foram isolados (Franca et al., 1975) por cro-
matografia do extrato benzénico bruto, de uma

Urbano M. F. Meirelles {*)
Léa Rodrigues Simioni (*)
Aderbal F. Magalhdes (**)
Francisco A. M., Reis (**)

espécie de Ocotea (Lauraceae) colhida e iden-
tificada por W. Rodrigues nas redondezas de
Manaus: 1-{p-metoxibenzil) - 6, 7 - metilenodio-
xiisoquinolina {I} e 1-{p-metoxibenzil) - &, 7 -
dimetoxiisoquinolina (1) {DMP). As estrutu-
ras destes alcaldides foram determinadas pe-
tos métodos fisicos usuais (RMN'H, EM, IV, e

UV} e por comparacao dos dados espectrais

com os da papaverina (lll) e outros andlogos
(Shamma, 1972},

Numa segunda etapa, outro processo de
isclamento foi realizado, Partindo de 1600 ¢
de madeira previamente extraida com éter de
petrélec durante 72 horas para eliminar subs-
tdncias graxas, o material foi alcalinizade com
hidréxico de aménio e extraido por 72 horas
com cloroférmio sob refluxo.

Depois de evaporado o solvente foram ob-
tidos 80 g de extrato dos quais 50 g foram cro-
matografados em coluna de silica e eluida com
benzeno e cloroférmio. Das fragbes 13 a 16 fo-
rag"a isolados 1,5 g de MMIQ & 3 g de DMP.

" Resultados deste laboratério (em prepara-

¢do) mostram que o MMIQ exerce nitido efei-
fo inibitdrio sobre as respostas contréteis a
vdrios agonistas como o cloreto de bério, a

acetilcolina, a fenilefrina, a histamina, adrena-
lina e serotonina, bem como efeito espasmoli-
tico quando adicionado na vigéncia de plena
contracao das preparacbes. Estes resultados
foram obtidos em aorta e duodeno isslados de
coelho e em cadeia traqueal, taenia caecum e
fleo isolados de cobaiz.

Triner et al. (1970} estudando o relaxa-
mento de misculo liso provecado pela papa-
verina verificaram um consistente decréscimo
da atividade da fosfodiesterase do 3'.5-AMP
ciclico e admitiram possivel relacio causa-efei-
to entre estes fendmenos,

Na mesma ordem de idéias, estudamos

a influéncia do MMIQ sobre a atividade da fos-
fodiesterase de cérebro de coelho e constata-

(*} — Departamento de Farmacologia, F.C.M., UNICAMP, Campinas, SP.

(**) — Institute de Quimica, UNICAMP, Campinas, SP.
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mos que a partir de 10 uM/1 ja se manifesta
inibigéo, que atinge os valores de 50% e 67%
para concentragtes de 100 e 200 uM/1 do ini-
bidor, respectivamente (Vercesi et al., 1675},

Analisamos também no musculo reto abdo-
minal isolado de sapo possivel influéncia do
MMIQ sobre as respostas contratels 3 acetil-
colina {Ach, Fig. 1). Verificamos que o alca-
[6ide produz inibigéo do tipo nae-competitivo.
Assim as curvas dose-resposta corresponden-
tes as concentragbes de 10, 30 e 100 ug/mi do
inibidor ndo atingem mais o nivel de Fesposta
maxima com o aumento da concentracdc do

e

agonista. O valor médio do pD'2 é de 3.9 com
Uma variagdo aparentemente maior que a pre-
vista (Grana, 1972}, 0 que ocorre também com
a papaverina nas mesmas condicdes. Em am
bos o0s casos observa-se gue a intensidade do
bloqueio é funcio nio apenas da concentracio
do inibidor como também de uma condicio ine-
rente ao animal o que se depreende de resub
tados de quatrg experimentos simultdneos
usando-se musculos isolados de doisg ou de
quatro animais. A natureza desta variagao
comparada com a de outros antagonistas & as-
sunto em investigacdo neste laboratério.

7
\.L cm ]
6 .1 3]l
- § 1165 ¢ /mt é
;' 2 3 4 15 min. 1 5 5 2 §

Ach

Fig. 1 — Registro experimental das resposias

minal de sapo “in vitro”, em presenca ou nic do M
nista e, ao ponto 1 corresponde a concentracdo finatl

2 adicdo cumulativa de acetilcolina sobre o muscuio reto abdo-
MIQ. Os nuimeros indicam os locais de adigéo do ago-
de 1. 107 g/ml. Razfio = 3,

AGRADECIMENTO

Aos Profs. Dr. Warwick E. Kerr e Ayssor
Paulo Mourdo pelas facilidades concedidas em
relagdo ao material em estudo.

SUMMARY

In this report we describe preliminary results
about some biological properties of 1-(p-Methoxy-
benzyl) - 6,7 - methylenedioxyisoquinoline extracted
from a species of Ocotea (Lauraceae) which grows
near Manaus, AM,
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A preparation of E E-2 4-dienocic acids, together with the assignments of their **C NMR signals
and the shifts observed after transformation into their sadium salts, is described. The stereo-

chemistry of the double bonds of 3 ,5-diencic esters, obtained from 2,4-dienoic acids, on the basis
of 1*C NMR data, is also presented,

I. introduction

Recently, effort has been devoted to the synthesis of EE-2 44dienoic acids [1]. In
this connection, and as part of a project on the synthesis of unsaturated carboxylic
acids, we wish to report a simple preparation of 2,4.diencic acids, their '3C NMR
analysis and their transformation into 3 5 dienoic acid derdvatives,

H. Methods

The synthetic procedure is illustrated with the preparation of methyl EE-2 4.
nonadienoate®. By treatment of methyl E-2-nonenoate (1) — readily prepared from

Br

NBS Li,CO,-LiC1
——— e
cooMe CCl, COOMe DMF COOMe
(1) 2) 3

heptanal and malonic acid in pyridine [2], followed by esterification — with N-bromo-
succinimide in carbon tetrachloride, the corresponding bromo ester (2) was obtained
in 71% yield**, The dehydrohalogenation reaction of (2) proved to be more difficult
than expected, even if very effective amines such as 1 S-diazabicyclo{4 3 0)-nonene-5

* For another procedure for preparation of (3), see R.A. Gato, M.Sc, Dissertation, Universidade
de Sao Paulo, 1976,
** All compounds have been fully characterized (IR, 'H NMR, mass spectra).
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(DBN) and 1,5-diazabicyclo{5 4,0)-undecene-5 (DBU) were used under a variety of
reaction conditions. It was found, however, that the reaction could be successfully
catried out (85% yield) by using lithium carbonate~lithium chloride in dimethyl-
formamide™, a well-known method for dehydrobromination of bromoketones. The
stereochemistry of (3} was assigned on the basis of the "H NMR spectrum and by using
lanthanide shift reagents [3].

111. Results and Discussion

The availability of fatty acids with relatively short carbon chains, with one and two
conjugated double bonds, and the considerable interest focused on the *C NMR
spectral analysis of this type of compound [4 5], prompted us to undertake an
analysis of these substances,

The °C NMR chemical shifts of several unsaturated fatty acids, presented in
Table 1, were assigned on the basis of previous results [6] and on parameters propused
by Bus et al. [7}. Although we were dealing with carboxylic acids, instead of methyl
esters, a good correlation was ebtained between experimental and calculated values,
The interesting result that emerges from this analysis is the assignment of the 27.5 and
27.8 ppm signals to the homoallylic carbons of E-2-octenoic and E-2-nonenoic acids.
Since these values are within the normal range for an allylic carbon shift of a Z-
disubstituted double bond, care should be taken with a double configuration assign.
ment in unsaturated carboxylic acids on the basis of *3C NMR data alone.

In order to extend the study of the effect of ionization on chemical shifts of
unsaturated carboxylic acids [8] , the "*C NMR spectra of the corresponding sodium
salts were also analyzed. As expected, C-2 and C-3 are deshielded and shielded respec-
tively, while the remaining carbons are deshielded in all salts, in comparison with
similar sites of the comesponding acids, as shown in table 1. Part of these effects,
however, could be attributed to the change of solvent {(CDCl; = D,0) used for record-
ing the spectra of both series of compounds [8,9].

Table 2 shows the shifts of four E,E-2 4dienoic acids and the effect observed on
the sp” carbons by ionization. The changes are similar to the previously reported ones
(8].

As part of the work on dienoic acids and in connection with another project,
esterification reactions with sterically hindered alcohols were also studied. We have
found that, by reaction of sorboyl chloride with ! ethynylcyclopentanol in triethyl-

* A magnetically stirred mixture of 2 (11.28 g), lithium carbonate (4 48 g} and lithium chloride
(3.16 g) in dry dimethylformamide (50 ml) was heated in an oil bath at 125130 for 1.5 hr,
The reaction mixture was then poured into water and thoroughly extracted with ether. The
combined ether extracts were washed twice with 10% aqueous hydrochloic acid, with water,
dried (Na,50,) and evaporated. The residue gave (3) (6.47 g) after distillation, b,p, 75 -78°C/
0.5 torr. Compound (3) has approximately 90% purity on GLC, carbowax 20 M at 200°C: the
remaining 10% is probably a sterevisomer since by catalytic hydrogenation only methyl
nonanoate was detected on GLC.
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amine at room temperature, the corresponding 3 S-hexadienoic ester was obtained as
sole reaction product in 72% yield. By using cyclopentanol and isopropanotl the
respective unconjugated esters were also obtained, although in lower yield (46%), With
methanol, however,a 1 : 1 mixiure of conjugated and unconjugated methyl esters was
shown to be the product in 54% yield (GLC and 'H NMR).

In order to study this reaction®, which can be explained by an addition of the
alcohol to an intermediate unsaturated ketene, from the point of view of the stereo-
chemistry of the isomerized double bonds, a careful analysis of the methylene region
of the *C NMR spectrum of the ester obtained from E.E-2 4.octadienoic acid and
cyclopentanol was carried out.

By reaction of £,£-2 4octadienoy! chloride with cyclopentanol in triethylarmine an
approximately 1 : 1 mixture of sterecisomeric A 3,5esters (GLC and 'H NMR) was
obtained in 85% yield. The 3C NMR spectrum of this mixture showed methylene
signals at 20.9, 25 4, 38.2 and 38 .4 ppm. The signals at 38 4 and 38,2 ppm, which-
were assigned to C-2 and the ones at 20.9 and 25 4 ppm assigned to C-7, show that it
was a mixture of E,Z-3 5. and E B-3 §- octadienoic esters, respectively, on the basis of
the known shiclding effect of an allylic carbon of a Z-disubstituted double bonrd. This
was further confirmed since isomerization with iodine [10] gave a product where
mainly the signals corresponding to the E,E-isomer were observed™*.
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Key Word Index—Adiscanthus fusciflorys; Rutaceae; dihydrocinnamic acids; alkaloids; > C NMR spectra.

Abstract—In the wood of Adiscanthus fusciflorus six known atkaloids 4-methoxy-2-quinolone, 1-methyl-4-
methoxy-2-quinolone, dictamine, skimmianine, y-fagarine and N-methyifiindersine and two new dihydro-
cinnamic acids 3-[2’,6’—dimcthoxy~6”,6"-dimethylpyrano(2”,3":4',3’)phenyl]-pr0pionic acid and #ts methyl ester
were identified. The structures of the dihydrocinnamic acid derivatives were confirmed by “C NMR.

Adiscanthus fusciflorus Ducke, an arboreous Rutaceae
species from the Amazon region, contains in a section
of its trunk (bark included) 4-methoxy-2-quinolene, 1-
methyl-4-methoxy-2-quinelone, dictamine and skim-
mianine {3}, y-fagarine {4] and N-methyifiindersine.
Al these alkaloids have been separated previously
from other rutaceous species, the first four inctusively
from another Amazonian species, Hortia longifolia
Spr. ex Engl. [3], and the last one by N-methylation of
natural flindersine [3]. Their identification was based
on spectra and direct comparison with authentic
samples. .

Two additional constituents, isolated from the same
extract of A, fusciflorus, were the dihydrocinnamic
acid derivatives 1a and 1b, which, jointly with
dihydrocinnamyl alcohols such as 1e [6}, had been
previously found in Hortia badinii M.A. Lisboa. The
structural elucidation of these natural products had
been based chiefly on the interpretation of 'H NMR
spectra. Their re-isolation was therefore an opportun-
ity to test the proposed formulae by “*CNMR.

la R!'=CO,Me, R?=OMe
1h R!=CO,H, R*=0Me
Ie R'=CH,0OH, R?=H

The phloroglucinol type substitution for 1a can be
safely accepted from 'HNMR evidence for the sole
aromatic proton (8 6.18). The corresponding un-

*Part 1V in the series “The Chemistry of Brazilian
Rutaceae™. For Part 111 see ref. [1]. Based on part of the M.S.
thesis presented by P.C.V. to Universidade de Sio Paulo
(1978). Also part of a project on the '>CNMR spectroscopy
of natural products. For the preceding paper see ref. [2].
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substituted C-3" must indeed be vicinal to only one
methoxyl (8 55.3), "CNMR showing the other one
{8 62.0) to be flanked by two ortho substituents. The
signals due to the corresponding ipso-carbons (C-
6'5158.5, C-2"8 154.9) can be easily assigned due to
their complex secondary splitting in the fully proton-
coupled C spectrum. In this same spectrum, signals of
the ipso-carbons C-2" and C-3" show a contrastingly
simpler splitting pattern which can be eliminated by
decoupling respectively at the resonance frequencies
of H-4" (double irradiation at § 6.48) and H-5" (dou-
ble irradiation at & 5.45). These decoupling experi-
ments were additionally very useful in the confirma-
tion of the respective assignment of signals to C-4" and
C-5" since the first order C—H couplings are elimi-
nated. Finally, double irradiation at the frequency of
the gem-dimethyl protons (8 1.38) coilapsed the fine
splitting of the C-5" sigaal, confirming the vicinality of
this carbon and CMe,. At this stage, since correlation
of signals to carbons of the propionic acid moiety is
trivial, only the signals at 8 113.7 and 75.5 remained
to be assigned, a task performed by comparison with
model compounds 2 [7] and 3 [8], respectively.

The spectrum of la served as the basis in the
interpretation of the spectra of 1b, dihydro-1b and 1e.
The suppression of the 4”,5".double bond of 1b in
dihydro-1b caused a paramagnetic shift of the C-2”
signal (A8 4.4), an expression of the endoeyclic
homoallylic effect {9]. Most significanily, from the

oo e e b
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Table 1. Carbon shifts of the natural dihydrocinnamic acids and di-
(DS . hydro derivative 1, and the model compounds 2 and 3*
C 1a . 1b Dihydro-1b ic 2[71 3(81
ke, ? MeO-1 512
1 1735 1765 179.5 614
2 340 338 342 335
3 19.0 18.7 15.0 24.9
1 113.7 1135 113.0 125.7
. 2 1549 1544 153.4 1534 158.1
N MeO-2' 62.0  61.8 60.6 62.1
b 3 1074 1072 106.5 1144 1097 117.6
4 1529 1525 156.9¢ 152.6 1539 152.5
5 95.7 95.6 96.0 1125 1099 1125
6 158.5  158.2 157.2¢ 130.2 159.9
pihyl-4 e oy B
: . . . . 117.
;lllye‘il;:; 5 1267 1267 325 1269
6" 75.5 75.6 74.1 754 76.3
_ 2Me-6 2737 27.6 26.7 276 278 186
ly one *The aumbering system of the model compounds was selecied to
er one facilitate comparison of analogous carbons in 1, 2 and 3.
ts. The T Interchangeable,
ns {C-
due to point of view of structural confirmations, the C.6' Acknowledgements—This work was supported bv grants
roton- (8 158.5) and C-3' (8 19.0) peaks of 1a appear al  from Tundagdo de Amparo 3 Pesquisa do Estado de Sio
nals of higher (8 130.2) and lower (§ 24.9) field, respectively,  Paule. Conselho Naciopal de Desenvolvimenta Cientifico e
stingly in the spectrum of %e. This is due to the absence in this Tecnolégico and Financiadora de Estudos e Projetos. The
ted by compound of MeO-6" which thus fails to shield C-3  authors are indebted to Prof. Ayssor P. Mourfo. Instituto
lencies through a y-eflect. Nacional de Pesquisas da Amazonia, CNPg. Manaus. for the
" (dou- plant extract; and to Dr. Adolio P. de Péidua, Universidade
>Xperi- Federat de Minas Gerais, Belo Horizonte, for compound le.
firma- EXPERIMENTAL
4" and
elimi- Isclation of the constituenis, Adiscanthus fusciflorus Ducke
ncy of was collected near Manaus, AM and identified by W. A, REFERENCES
e fine Rodrigues, botanist, Institute Nacional de Pesguisas ca
lity of Amazdnia. Powdered trunkwood and bark (2kg) were ex- 1. Corra, . de B., Gottlieb, C. R. and Pédua, A. P. de
lation tracted with EtOH. The extract (20 g) was suspeaded in (1979) Phytochemistry 18, 331,
icty is hexzane, filiered, the hexanc evapd and the residue {Tg 2. Morel, A. F,, Bravo, R. V. F, Reis, F. de A. M. and
ained submitted to dry column chromatography (Si gel deactivated Raveds, E. A. {1979) Phytochemisiry 18, £73.
1 with with 10% H,0. CHCHCL, 9:1}. The column was ex- 3. Corréa, D. de B., Gottlieh, O. R., Padua. A, P de and
truded and divided into 8 equal parts which gave from Rocha, A. L da (1976) Rev. Latincam. Quin, 7, 43.
bottom to top 8§ fractions. Fraction 4 was purified by TLC(Si 4. Roberison, A. V. (1963) Aust. J. Chem, 16, 451,
gel, CoH~EtOAc, 7:3) giving Iz (30 mg). Fractions 5 and § 5. Iriarte, J., Kinel, F. A., Rosenkranz, G. and Sondheimer,
. were washed with hexane to give 1b (200 mg). Fraction 7 F. (1956) 1. Chem. Soc. 4170.
conizined 1-methyl-4-methoxy-2-quinolone. The hexane €. Corréa, D. de B., Gottlieb, Q. R. and Péadua, A. P. de
\ insol. part of the extract was suspended in CHCl; and fil- (1975) Phytochemistry 14, 2059,
i tered. The CHCly was evapd and the residue (6 g} submitted 7. Archer, R. A, Johnson, D. W., Hagaman, E. W,
2 to Si gel (120g) column chromatography, elution with Moreno, L. N. and Wenkert, E. (1977) J. Org. Chem. 42,
CHC1,-MeOH, 100:0 to 95:5, giving fractions A to G, 490,
Fraction B was purified by TLC {5i gel, CyH~EtOAc, 4:1) 8. Wenkert, E., Buckwalter, B. L., Burfitt, I. R., Gadié, M.
to give 18 {60 mp). Fraction C was separated by TLC (Si gel, J., Gottlicb, H. E., Hagaman, E. W, Schell, F. M. and
CHs-EtOAc, 7:3) into dictamine (20 mg) and y-faparine Wovkulich, P. M. (1976) Topics in Carbon-13 NMR Spec-
(60 mg). Fraction D was purificd similarly to give N-methyl- troscopy {Levy, G. C., ed.) Vol. 2. Wiley-Interscience,
fiindersine (50 mg). Fraction E was separated by TLC (Si gei, New York.
CsHg-E1OAc, 3:2) into skimmianipe (20 mg} and i-methyl- 9. Wenkert, E., Cochran, D. W, Hagaman, E. W, Schell, F.
4-methoxy-2-quinolone. Fraction G was washed and cryst, M., Neuss, N., Katner, A. S., Potier, P., Kan, C., Piat, M,
from EtOH 1o give 4-methoxy-2-quinolone, Fractions A and Koch, M., Mehri, H., Poisson, 1., Kunesch, N. and Rol-
the F did not lead to pure compounds, land, Y. (1973} J. Am. Chem. Soc. 95, 4990,
I 1c.
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PEPTIDE ALKALOIDS OF SCUTIA BUXIFOLIA

Apemir F. MOREL. RUliss Vax Fossex Bravo, FRANCISCO DE A. M. Res and EpMunDo A, RUVEDA
Instituto de Quimica, Universidade Estadual de Campinas, C. P. 1170, 13100 Campinas., 840 Paulo, Brazil

(Received 25 July 1978)

Key Word Index—Scutia huxifolia; Rhamnaceac: pepiide alkaloids: scutianine H: MIKES; '3C NMR spectra;

scutianine D; scutianine E.

Abstract—From the bark ex ract of 5. buxifolia, the known alkaloids scutianines B. C, I? and E. and the new one,
scutianine H, have been isoluted, The structure of scutianine H, based mainly on its MS fragmentation and on the
MIKES {mass-analvsed ion kinetic encrgy spectrum) of the base ion peak, is suggested. From the YO NMR spectral
analysis of the diastercoisomeric scutianines D and E, information for the assignment of the stereachemisry of
the -hydroxyleucine unit in related alkzloids was also obtained.

Continuing our chemical study of the constiruents of
Scutia buxifolia Reiss., we report on work which is being
carried out in our laboratorics and, in view of the recent
publication of Tschesche and Hillebrand [1]. we aiso
make some explanatory comments about the designa-
tions of the cyclopeptide alkaloids isolated from this
interesting plant.

The first member of the scutianines, isolated by
Tschesche ¢ al. i 1967 [2], was named scutianine A,
1a, and its structure elucidation represented a pioneer
contribution to the fiekl. Later on. in 1971, the same
group also isolated scutianine B, 2 3]

In 1974 we determined the stercochemistry of all the
chiral centres of scutianine A, In [4], with the exception
of those of the B-hydroxyleucine unit, which bad been
previously determined on other alkaloids through special
degradations [5. 6]. We ako reported the isolation
and the structure of two new alkaloids. scutianine D,
3, and scutianine C. 4, as well as a neutral product,
called scutianene C, 5, because of its stroctaral similarity
with-4 [4, 8] By analysis of the 220 MHz 'H NMR
spéctrum, the eryihro form of the A-hydroxyleucine
unit was shown to be present in 4 and the threo form
of the f-phenyiserine moiety was identified amongst
the hydrolysis products of dihydro-4 [8]. The 220 MHz
"M NMR spectrum of 5 showed that the signals cor-
responding to the u and £ protons of the hydroxyleucine
unit had & values different than those observed for the
corresponding protons of 4. indicating some change in
the stereochemistry of this unit in 5 in relation to alkaloid
4. Thus, 5—whether or poy an artefact——shouid be
related to an alkalojd stereoisomeric with 4.

Simultancously, Tschesche et al. {7] published the
isolation, from the same source, of three alkaloids
named scutianine C, 3, apd two  diastereoisonsers,
scutianine D and scutianine E, 4 The stereochemistry
of the f-hydroxyamino acid units of the latter compounds
was shown to be L-erythro-f-hydroxyleucine. (-threo-
B-phenylsering  and D-erythro-f-hydroxyicucine and
1)-r11reo-ﬁ-phenylscrine, respectively, By compurison of
the spectral properties it can be deduced that the pre-
viously reported sculianines C and D) [8, 4] are identical

to the scutianines D, 4, and C, 3, reported by the Bann
group [7] Consequently, we suggest that these [atter
designations be adopied. leaving the scutianene %
undetermined. uniil a correlation with an alkaloid of
known stereochemistry is carried oyt

More recently, the isolation of scutianine F. 1b, a
desmethyiderivative of scutianine A and of scutianine
G, another diastereoisomer of 4 was reported [9. 1],
Further. by re-examination of the bark extract of §.
buxifolia, scutianine B. 2. the now-named scutianines C.
3, D and E, 4 and the new cyciopeptide alkaloid,
scutianine H were isolated.

Scutianine H, 6, mp 242-243° showed M* at mfe
550 indicating a formula C; H, 2N, O, The IR spectrum
exhibited bands corresponding to pept.de linkages
and the UV spectrum and the MS fragmentation were

¢ \
O O
NH
o N
A R
B/

fa A = Pro; B = Dimethy¥l Phe; R = CHZCGHS. Scutianige
A[2].

Ib A = Pro; B = Methyl Phe; R = CHsz,Hs, Scutianine F
[9].

2 A = Dimethyl Phe; R = CH,C,H.. Scutiznine B (3]

3 A = Dimethyl fley: R - CH,C H,. Scutianine D [4];
Scutianine C .

4 A = Dimethyl Phe; R = CHOH)C, Hj. Seutianine C [8];
Scutianine D* [7]; Scutianine £+ {71 Scutianine G {1

5A= C{,HjCHZCHWCO,‘ R = CH(OHJCOH‘. Scutianene
C 41 ’

6 A = Dimethyl lleu; R == CH(OH}CEHs. Scutianine H (This
work).

* {.-er}.‘rhm-/}-h_vdroxyleucinc; L-threo-f-phenylserine,

+ l)-er_vrhra-[}—hydroxylcucinc; tr-threo-Bopheaylserine.,
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Fig. 1. {a} MIKES of m/e {14 (CH3}21{I=CI'IMCH(CH3)-—
CH,CH,, fr+om N.N-dimethylisoleucine. (b) MIKES of m/e
114, (CH,),N=CH--CH,—CH{CH,),, from N,N-dimethyl-
Teucine. The peak at 0-63 E should be multiplied by a factor of

-

three to obtain the actual height. {¢) MIKES of mfe 114, (CH,),N

=CH~CH,—CH,CH,CH,. from N N-dimethyinorleucine. P
15 a phanthom peak typical of the instrumeat.

typical of a I4-membered peptide alkaloid. The base
peak at mise 114 and the fragments at m/e 507, 493, 444,
384, 190, 135, 107, 106, 105 and 97 indicated that the
basic terminal, the f-hydroxy and the ring amine acids
were N N-dimethylleucine or N, N-dimethylisoleucine,
B-hydroxyleucine and S-phenylserine, respectively. The
peak at mye 103, typical of the benzoy! group, in the MS
of oxodihydroscutianing H and the identification of p-
tyramine amongst the hydrolysis products of dihydro-
scutianine H, confirm the presence of the f-phenyl-
serine and styrylamine units in 6.

Although differentiation  between N, N-dimethyl-
leucine and N.N-dimethylisoleucine has been success-
fully carried out by high resolution 'H NMR [10, 4],

A. F. MOREL e!f al.
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Fig. 2. MIKES of mfe 114, (CHJJZE:J==CH~CH(CH3)%
CH,CH,,. from the El fragmentation of scutianine C.

.

i i

04 05 06 or 0B 09 E

Fig. 3. MIKES of mfe 114, (CH,),N=CH—C,H, from the
El fragmentation of scutianine H.
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it was interesting to find a method which can differentiate
unambiguously the possible isomers of m/e 114, inciuding
N,N-dimethylnorleucine, using only minute quarntities
of natural product. :

In 1974, McLafferty et al. reported the application of
metastable ion (MD and collisional activation (CA)
spectra to the determination of leucine and isoleucine
residues in peptides [11]. Therefore. we felt that perhaps
the MI spectra or more correctly the mass-analysed
ion kinetic energy spectra {MIKES) could provide
fingerprints of the various isomers of m/e 114 permitting
the unequivocal differentiation between the isomers,
Indecd, MIKES of m/e 114 from N.N-dimethyliso-
leucine {Fig. 1a), from N.N-dimethylicucine (Fig. 1b)
and from N,N-dimethylnorleucine (Fig. 1¢) are dramati-
cally different, showing that there is no equilibration
of jon stractures and that the fragmentation of these
jons is very structure dependent. Since the basic ferminal
amino acid of scutianine C has been previously deter-
mined as N,N-dimethylisoleucine {4. 7], we used it as a
model alkaloid, and the MIKES of its mie 114 ion is
shown in Fig. 2. Except for the appedrance of spikes
in the spectrum due to thermal effects and terfering
fragments from the first field free region, the aspect
of this spectrum is the same shown in Fig. la and is
significantly different than those shown in Figs. 1b and
le. Thus, it seems that, independent of its interpretation,
the MIKES can be very usefl to the natural products
chemist as a fingerprint tool, much like IR spectroscopy.
Indeed, we used this technique to establish the structure
of the basic terminal amino acid of scutianine H (Fig. 3),

The availabitity of the diastercoisomeric cyclopeptide
alkaloids, scutianines I and E. with B-hydroxyamino
acid units of known stereochemistry [7). prompted
us to study them by **C NMR spectroscopy, hoping
to detect features characteristic of a given configuration,
since that information could be used as a complement of
previous 'H NMR studies [5], for the configuration
assignment of other members of this group of natural
products,

For the analysis of the **C NMR spectra we focused
our attention mainly on the sp® carbon shifts. and their
assignments, based on previously reported data for
related atkaloids [12, 13], on the mulsiplicity of signals
in SFORD spectra and on the analysis of mode! com-
pounds, are shown in 4a and 4b, for scutianines D
and E, respectively. The shifts of the methyl groups,
their non-equivalence (AS = 5.3 ppm} and the shilts
of the o, # and » carbons of the B-hydroxyleucine unit
of 4a, are in good agreement with the reported ones
for frangulanine, discarines A and B. and lasiodine B
{12, 13] The & and # carbons of the phenyiserine unit
and those of the N, N-dirnethylamino acid residue of
4a, were assigned by comparison with model compounds
7 and 8 The difference in & value between the CH,
group of the model compound 7, and the sime carbon
of 4a, unambiguously assigned on the basis of its multi-
plicity in the SFORD spectrum, can be attributed to a
¥ eflect, probably as the result of a preferred conforma-
tion of the N N-dimethylphenylalanine moiety in the
alkaloid. :

Scutianine E, 4b, shows shifts similar to the ones
observed in 4a, except for the f-hydroxyleucine unit,
The difference between the methyl groups is ciearly less
(Ad = 24 ppm), indicating that they are less hindered
than in 4a, and {urther, the & and ff carbons are shiclded
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4d

(Ad = —1.2ppm) and deshiclded {Aé = 6.1 ppm), re-
spectively. The difference in configuration of the phenyl-
serine residue in 4a and 4b does not significantly affect
the shifts of the « and § carbons of this unit,

Acetylation of scutianine E, 4d, apart from producing
shielding effects on the non-protonated aromatic carben
and weak eflecis on the « and # carbons of the phenyl-
serine unit, and shielding of one of the CO groups, as in
scutianine D, 4e, induces shiclding and deshielding of
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the x and 8 carbons, respectively, of the hydroxyleucine.

The clear difference in the 6 values of the f# carbons
and the different AS between the methyl shifts of the
hydroxyleucine residues of both alkaloids. 4a and 4b,

together with previously reported 'H NMR data [5],
could be used as an indication of the configuration of this
unit. Discarines A and B, the major bases of D. longispina
{14} for example. show signals at 82.4 ppm and Ad =
5.7ppm, and at 80.8 ppm and Aé = 5.6 ppm, for the §
carbons and for the difference between the chemical
shifts of the methyl proups respectively {12, 13] indicating
that the hydroxyleucine moiety of these alkaloids
possess the L-eryrthro configuration.

EXPERIMENTAL

A double-focusing mass spectrometer with i reversed Nier—
Johnson geometry was used to obtain the mass spectra and the
MIKES. Measurements were carried out with an electron
energy of 70eV and an ion source temp. of 100-§20° The
accelerating potential was 3 kV. All samples were introduced

via a direct inlet system. The MIKES were obtained by focusing
the precursor ton {m/e 114 in this case) on the coilector with
the magaetic field and scanning the electric sector potential.
The *H NMR were recorded at 100 MHz and the *C NMER
spectra at 252 MHz in the Fourier transform mode and in
CDCl, solutions, Chemical shifts are expressed on the TMS
scale according to: dTMS = CDCL, + 769 ppm. The asterisks
on the formulae indicate possible signal reversal. The acetates
and Me esters were all prepared by standard methods, Ac,O
and C,H,N and ethereal CH N, respectively, and the physical
data were compared. when available. with those of the iiterature.

Extraction of Scutia buxifolia. The plant material was col-
lected at Livramento (Rio Grande do Sul. Brazil) in July 1976.
The powdered bark (5 kg} was extracied as before [8], vielding a
mixture of alkaloids as a solid residue (4.1 g).

Isolation of the alkaloids. The alkaloid mixture was [raction-
ated ona 510, (H typejchromatographic column using mixtures
of CHCI,-MeOH as solvent and on PLC, as described before
[8]. if further purification was required.

Scutianine D (4a3). Crystallization of the resuitant solid
(320 mg) from CHCL,~Et,0 gave da, mp 217-218°; [, — 202°
(CHCL,, ¢ = 0.1). (Lit, [7] mp 219-220°; [], — 196° (CHCI,.
¢ =01} Np UV absorption. TR vem™%: 3600; 3285: 27935,

’

1630; 1625; 1250. MS m/e (rel. int.) 584 (0.02); 493 (4.5); 478
(0.2): 435¢0.13; 387 (1.4); 342 (4.2); 331 (L.4); 196 (0.6); 148 (100):
135 (2.1): 120 (0.6); 107 (LO): 106 (4.6); 105 (4.8); 97 (1.1); 91
{2425 77 (411 'H NMR (CDCLL): 3 098 (3H. d, J = 6 Hzy;
1.24 {3H. d. J = 6 Hz); 2.23 (6H. s}, 13C NMR & [sp*] CH:
120.7; 12).2; 122.4; 1250; 126.0; 126.4; 127.9; 1282; 129.0;
129.6; 130.7.

Scutigning D acetate {dc). Mp 236° from EtOH-H,0;
[2], = 163 (CHCl,. ¢ = 0.1).(Lit.[7] amorphous; [«], -~ 140°
{CHCIL,. ¢ = 0.0 IR vem™t: 33200 2780; 1760; 1650 1620,
1230, 7*C NMR 6 [sp*] CH: 118.9; 121.4; 122.6; 124.9; 126.1;
126.4; 1284, 129.0; 129.8.

Scurfanine E {(4b). Crystallization of the resultant yellowish
ol (430 mg} from MeOHwH:O gave 4b. mp 110-110.2%;
[x]p = 217 (CHCL,. e = 0.0 (Lit. [7] mp 121°; {a], — 22.2°
(CHCL,. ¢ = 0.1} No UV absorption. IR vem ™11 3600, 3280;
2800 1650; 1625: 1250, MS mo (rel. int) 384 (0.05); 493 4.1);
478 (L.2): 387 (1.3): 190 (LO): 148 (100} 135 (4.1); 120 (L.5)
107 {3.2); 106 (2.2%; 105 (21); 97 (2.73: %1 (5.0); 77 (18.4). *H
NMR (CDCL): & 111 (6H, d, J = 6 Hz); 2.34 (6H, ). 3¢
NMR 4 [sp*] CH: 121.0; (225, 123.1; 125.2: 126.2; 127.7;
128.1; 128.2; 129.0; 129.9: 130.3.

Scutianine E ucetate (4d). Mp 105°; from EtOH-H,0;
[=], + 58° {CHC,. ¢ = 0.1} (Lit, [7] mp 178-180°, [-a(]D
#5217 (CHO, ¢ = 0.1 IR vem ™1 3320; 2780; 1750; 1680:
1620; 1240, MS moe (rel. int) 626 (0.1%: 383 {0.3); 567 (0.2); 535
(58); 475 (3.7); 190 (2.6); 148 {100); 135 (10.5%; 120 (5.3); 107

(5.3}; 106 (4.1); 105 (9.8); 97 (8.3): 91 (18.9): 77 (74). '"H NMR
(CDCLL): §1.2 (6H, 4, J = 6 Hz); 204 (3H, 5); 2.38 (6H, s
13C NMR 4 [sp?] CH: 119.4; 1215, 123.0; 125.2; 126.1; 126.6;
127.8; 128.3; 129.2; 130.0; 1311,

Scutianine B (2). Crystallization of the resultant solid (50 mg)
from CHCl,~hexane gave 2, mp 24%°: [=], — 290° (CHCI,,
¢ = (.1). Identical with an authentic sample (TLC, 3 solvents),
MS m/e 148 (base ion peak).

Scutianine C {3). Crystallization of the resultant solid {70 mg)
from CHCI,-E1,O gave 3, mp 263-265%; [=], — 182° (CHCIL,,
¢ = 0.1). M5 mje 534 (M *); 114 (base jon psak). Identical with
an authentic sample (TLC, 3 sofvents).

Scutianing H (6}, The crystalline residue {50 mg), recrystailized
from CHCL,-Et,O gave 6. mp 242-243 ; homogeneous on TLC;
M5 (high resofution), found: 550.3184, cale. for C“H“NJOS;
550.3155; [a], —233° (CHCI,, ¢ = 0.1), No UV absorption.
IR vem™!: 3580: 3285: 2780: 1640: 1620; 1500; 1250, MS m/e
feel. int) 550 (0.2); 535 (0.2); 507 {0.04); 493 {1.5); 444 (1.0);
401 (0.3); 394 (0.42); 353 (0.1); 342 (0.2}; 331 (0.3); 329 {0.4);
190 (1.8 [77 (0.8 135 (10.4); 120 ¢3.15); 114 (100): 107 (3.2);
106 (5.7 105 (6.3); 97 {10.3); 85 (16.8); 77 (5.6). 'H NMR
(CDCiL,): 6 074-098 (OH, m); 122 (3H, d, J = 8 Hz); 2.00
{6H. s} {dg-pyridine): ¢ 0.84 (3H, ¢, J = 6 Hz); 094 (3H, 4,
J=6Hz), 120 QH, d, J =8Hz):; 128 (3H, d, J = 6 Hy);
2.32 (6H, ).

Dihydroscutianine H. The hydrogenation of scutianine F
under the conditions described for peptide alkaloids yielded
dihydro-6. mp 276-277" (from Me,CO). IR vem™t: 3580;
3290; 1640; 1500; 1250, MS mie (vel. int) 552 {0.1); 493 (0.2);
446 {0.1); 403 (0.3); 344 (0.3); 333 (0.3); 192 (0.2); 175 (0.7); 137
{0.2); 114 (100; 107 (2.5): 106 (3.1); 105 (3.3); 97 (2.2); 85 (3.9
77 (3.3} Hydrolysis of dihydro-6 was performed in a sealed
tube at 110" with 6N HCI for 12 hr. the aq. acidic soln was
concd and the residue was used to identify p-tyramine by a
previously described procedure [14].

Oxodihydroseutianine H. A soln of dihydro-6 (10 mg) was
oxidized as described before {8]. Crystallization of the residue
from Me,CO gave oxodihvdroscutianine H. mp 288-290°
MS mie {rel int.) 550 (1.2); 535 (0.1d): 521 (C.12); 507 (0.4); 493
(1.1); 446 (0.2); 353 (0.4); 218 (0.6): 195 (L.1); 190 (0.3); 175 (2.3);
135 (3.5): £35 (L.7y; 114 {100); 107 ¢9.2); 105 {12.4); 97 (5.8); 85
(12.3); 77 {6.2).

N.N-Dimethyl-norleucine. It was prepared by reductive
methylation of the corresponding amino acid [15}, mp 165.6-
166.5°, IR v em™': 2800; 1645, *H NMR 60 MEHz {CDCL):
4 0.95 (3H. unresolved ¢); 1.2 (4H, m); 2.95 (6H, 5); 3.5 (IH, m);
8.92 (LH. br 5).

N.N-Dimethyiphenylalanine meihyl ester (7). Viscous oil,
'H NMR 60 MHz (CDCl,): 6 2.36 (6H, 5); 28-3.5 (3H, m};
3.55 (3H. 5); 735 (5H, s).

137.8 COOMe
= ‘ 69,5 51
NM
S fl..B
7

OQ.N-Diacetyl-f-phenyiserine methyl ester (8). From a com-
mercial sample of f-phenylserine, mainly in the threo form-—
from *H NMR analysis according 10 [6]—compound 8 was
prepared. Mp 145° TR vem™*: 3280: 1760; 1750; 1680. 'H
NMR 60 MHz (CDCL): 6 1.9 (3H. »): 2.1 (3H, $); 3.6 (3H, s);
S12H. mh 6.2 (1H, d): 7.3 (SH. 5% MS mje (tel. int.) 279 {5.3);
220 (2.6): 173 (28); 160 (21); 149 (43.4); 130 {50); 113 (38.2}
107 (51): 89 (100): 79 (203; 43 {22},




'H NMR
3 (6H, ).
6.1;126.6;

Peptide alkaloids of Scutia buxifolia
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13C NMR ANALYSIS OF ALKALOIDS FROM PESCHIERA FUCHSIAEFOLIA
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Key Word Index—Peschiera fuchsiagfolia; Apocynaceae: bisindole alkaloids, voacamine: decarbomethoxy-
voacamine; demethylvoacamine; dibydrovoacamine: voacamidine; affinisine; 16-epiaffinine: perivine: voachalotine;

voacangine; voacanginehydroxyindolenine; '*C NMR.

Abstract—Fractionation of an ethereal extract of Peschiera fuchsiaefolia resulted in the isolation of decarbometho-
xXyvoacamine, demethylvoacamine. voacamidine, perivine, 16-epiaffinine and voacanginehydrexyindolenine, together
with the previously reported alkaloids voacamine, voacangine, voachalotine and affinisine. Analysis of the *C NMR
spectra of the bisindole alkaloids and of 16-epiaffinine is reported.

INTRODUCTION

Reports on the anticancer activity of bisindole alkaloids of
the voacamine type { 11 led us to re-investigate the bark of
Peschiera fuchsiaefolia [2, 3], directing our rescarch on
the isolation of these compounds.

RESULTS AND DISCUSSION

After alkalinization the ground bark of P. fuchsiaefolia
was extracted with ether. The crude extract was dispersed
in 109 acetic acid and the aqueous solution was extracted
with chloroform and ether at different pHs, yielding
fractions A, B and C. These fractions were monitored by
mass spectrometry, which revealed that B was rich in
dimeric compounds, This fraction was then submitted 1o
Sephadex LH 20 column chromatography allowing a
good MW separation, followed by preparative TLC
purification leading to the isolation of the bisindoles
voacamine (la), decarbomethoxyvoacamine (1h},

demethylvoacamine (1¢) and voacamidine {1d), and the

monomeric indeles affinisine (2) and voachalotine (3),
Pure voacangine (4} voacanginehydroxyindolenine (5)
and voacamine (Ia) were obtained from fraction A, while
fraction C furnished two a-acylindoles, perivine (6) and
16-epiaffinine (7), which were not reported previously

The 1*C NMR spectra were interpreted on the basis of
standard chemical shift theory, comparison with reference
compounds and mainly by analysis of the SFORD and
fully coupled spectral data.

Table 1 presents the *3C NMR data of compounds
1a-1f. The shift assipnments were made in conformity
with the published data of voacangine (4) [4, 5] vobasinol
(8){6] and ibogaine (9) [4, 5]. The replacement of the C-3
hydroxyl group of 8 by a voacangine unit in voacamine

(1a) produced the expected shiclding at C-3 (A 29.4) and

*Present address: Departamento de Morfologia e Sistematica
Vegetais, Institute de Biologia, Universidade Estaduzl de
Campinas, Campinas 13100, Sdo Paulo, Brazil.

+To whom correspondence should be addressed.

deshielding at C-14 and C-15(Ad 1.1 and 4.1, respectively).
Analogous eflfects were observed in the tabernaelegantines
[7]. On the other hand, in the voacangine moicty the
replacement of the hydrogen at C-11 by a vobasine unit
induced a deshielding of the ipso (Ad 15.7) and shielding of
the ortho carbons (Ad 3.0 and Ad. ,; 1.4). The remain-
ing carbons showed little or no modification.

The R configuration at C-20 of dihydrovoacamine {1e),
the sole product of the catalytic hydrogenation of Ta, was
deduced from the chemical shifts of C-14 and €-16. C-14
at § 31.4 was shielded (Ad 5.2) in Ye by comparison with
the same site of 1a due to a y-interaction with C-19, while
C-16 was deshielded (A 3.7) (The differences produced by
the & or f ethyl group orientation were previously
discussed for tabernaelegantines A and B [ 7], dregamine
and tabernamontanine [6].)

Comparison of the **C chemical shifts of demethyl-
voacamine (1¢) and voacamine (1a) revealed some inter-
esting conformational aspects concerning the Ny -methyl
group. Introduction of the N-methyl group into lc
induced simultaneous shielding at C-6 {Ad 4.8) and C-16
{AS 6.3). These facts can be cxplained by taking the
inversion of N, into consideration. Thus the rapid inter-
conversion between the equatorial and axial N,-methyl
group leads to the observed shicldings. Analogous effects
were observed al C-6 (Ad 6.3) and C-16 {A¢ 2.6) of 1e for
the introduction of the N-methyl group in demethyldi-
hydrovoacamine (1f) (going from if to 1e). The larger Ad
value at C-6 suggests a preferential equatorial position for
the N,-methyl group in the dihydro compound, thus
avoiding an additional methyl H,, 1,3-diaxial interaction.

An interesting feature revealed in our work was the
isolation of demethyivoacamine {l¢) together with voa-
cangine (4) and the z-acylindole perivine (6}, implying that
both monomers 4 and 6 are precursors in the biosynthetic
pathway of Te. Though invitro data [ 8] support the above
suggestion, rigorous in uive experiments would provide
final confirmation.

EXPERIMENTAL

Mps are uncort. Specific rotations were measured in CHCl,,
UY spectra in FLOH and IR spectra in CHCl,, 'H NMR spectra
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ia R,=Me ; R;=COOMe ; LINKAGE at 11
1‘) R]z Me ',R2=H H [ " H,
]C szH ;Ri"—“COOME H n " n'
1d R;=Me ;R;=C00Me ; " w97
. le R =Me ;R;=COO0Me ;19—20 DIHYDRO u w1
6 R,=H;2=0;R,H;R;=C0O0Me IF Ry;=H R,=COOMe ;19—20 DIHYDRO ; " v n’
7 R;=Me;Z=0;R,=CH,0H;R;=H
8 R,=Me;Z=aH, BOH;R,=H;R;=CO,Me
OH
MeQ
N
e
N
CO,Me
2 R,=CH,0H,R,=H 5

3 R,=COOMe,R,=CH,0H

at 60 and 100 MHz were obtained using TMS as int. standard.
CNMR spectra were recorded at 25.2 MHz with Fourier
transform using CDCY, as solvent and TMS as int. standard. MS
were determined at 70 eV, Silica gel 0.05-0.25 mesh (Carlo Ecba)
and silica gel HF 754.366 nm ({Merck) were used for CC and TLC,
respectively. Detection of components was made by UV (254 and
305 nm) and spraying with Dragendorfl’s reagent followed by
MeOH-H,50, and heating the plates at 150° for 5 min.

Plant material. Stem bark of P. fuchsiagfolia (DC.) Miers was
collected in the Zeferino Vaz University City. The air-dried bark
{2.929 g) was moistened with a saturated NaHCO, soln and
extracted in a Soxhlet with Et;O. On concen, the Et,0Q extract
gave a viscous oil which was added to a 109, HOAcsoln and kept
at 57 overnight. After filtration the aq. phase was extracted with
Et,O (extract A 6.65 g} and CHCI, {extract B 18.14 g). The pH
was then raised to 8 with a saturated NaHCO, soln and extracted
with Et,O (extract C 8.52 g} and CHCI, (extract D 0.25 g).

Extract A (2.96 g} was fractionated on a silica gel cojumn
eluting with CHCl;, and CHCI, with increasing amounts of
MeOH, yielding voacamine {1a) (0.076 g) {9}, voacangine (4)
{0.41 ) [10] and voacanginehydroxyindolenine (5) (0.1388 g)
[11]. TLC aiso indicated the presence of demethytvoacamine {1¢)
[12] and affinisine (2) [13].

Extract B. A Sephadex LH 20 column (6 g} eluted with
CHC1,-MeCH (9: 1) permitied a crude separation of the dimeric
from the monomeric compounds. The combined fractions were
further purified using a silica gel column andjor prep. TLC,
yielding the bisindoles voacamine (1a) (0.196 g) [9]. demethyl-

voacamine (1c} {0.232 g) [12], decarbomethoxyvoacamine {1b)
{0,178 gy [14] and veacamidine (1d) (0,206 g} [12], and the
indeles vonchapotine (3} (0.221 g) [13] and affinisine (2) (0.329 g)
[13].

Extrgcr C (3 g) was fractionated on a silica gel column eluting
with CHC,, and CHCl; with increasing amounts of MeOH,
leading to the isolation of perivine (6) (0.1399 g) {8, 10], 16-
epiafiinine (7) (0.2043 g) [15], affinisine {2} (0.2167 ) [13] and
decarbomethoxyvoacamine (1b) (0.1295 g) {14].

Dihydrovoacamine (le). An EtOH soln of voacamine (la)
(0.206 g) with a catalytic amount of PtO, was submitied to
hydrogenation {45 psi H,} in a Parr apparatus for 30 min.
Filtration through a Celite pad and evapn of soivent furnished
0.198 g of dihydrovoacamine, mp 210-212° (MeOH); [al}
+40.9” (0.010 g/ml CHCLy); UV ASHE nm (log £)::226.2 (4.75),
286.2 (4.28), 293.7 (4.28); IR v$HCh em 11 3450, 1710; "H NMR:
0.93 (m). 247 (3H, 53, 2.60 {3H, 5}, 3.63 (3H, s), 3.93 (3H, 5), 7.48
{1H, ), 7.60 (1H, s, MS /= (rek. int.k. 720 (55), 706 [M}* (31}, 511
(100).

Demethyldikydrovoacamine (11), An EtOH soln of demethyl-
voacamine (e} (0.206 g} was hydrogenated as above to furnish
0.149 g H. Mp 210° (McOH), UV ;.g,;*f*a nm {loge): 226.8 (4.68),
285 14.23), 293 (4.22), TR vEHClom =1 3460, 1720; 'H NMR;
5093 (1), 247 (3H, 5, 3.67 (3H, 5), 3.97 (3H, s} MS m/z (rel. int.y:
720 {62), 706 [M]* (44), 136 (100).
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Fable 1. **C NMR daia for voacaming alkaloids and their derivatives

Carbon 4 8 9 - 7 1a ib 1c 1e 1d if
2 1354 1344 1355 1355 1355 1356 1349 1357
3 66.8 1895 374 316 371 37.2 kYR 373
5 59.4 56.5 599 59.7 533 59.2 59.8 53.0
6 19.6 19.3 19.8 19.4 24.6 19.2 19.0 255
7 107.3 1204 109.6 1160 1102 109.8 1108 1109
8 128.7 128.1 1204 1294 1297 1296 1299 129.5
9 117.6 1212 1172 1170 1171 117.2 1169 117.3

10 118.6 120.2 1198% 1186 1187 1186 1185 118.7

11 1214 126.5 1213 1282 1213 1213 120.5 1213

12 1100 1121 1101 1100 1196 1105 £09.4 1104

13 136.7 1363 136.2 1375 1371 1369 1374 1371

14 35.5 434 166 36.1 363 314 371 316

15 29.2 312 333 334 34.1 328 321 334

16 47.4 385 46,0 46.7 523 9.7 46.9 523

18 12.2 120 123 122 120 11.4 12.2 111

19 118.6 120.2 F18T* 1186 1173 235 118.5 235

20 136.5 1352 1377 1378 1401 417 1379 459

21 539 519 - 523 522 441 519 52,3 4008

COOMe 1743 — 1707 {711 110 1718 1714 17113

COOCH, 50.3 — 49.8 49,7 49.8 49.5 49.8 49,7

NMe 42.1 41.7 419 421 — 424 4272 —

CH,0H 66,7

2 1373 142.9 1369 142.1 1376 1375 138.8 1375

¥ 51.7 50.0 52.0 49,7 51.8 523 51.0 519

5 53.1 54.2 530 54.1 530 33.0 539 530

[ 222 0.7 221 20.6 222 222 249 22.2

7 110.0 109.1 109.6 1084 i096 1103 109.0 109.8

8 129.1 1297 1294 1284 1297 §30.0 1262*% 1301

9 100.7 100.3 99,1 98.5 99.1 99.0 126.4* 9.2

0 154.0 1539 150.6 1507 1507 1508 1524 1509

1 1119 110.8 127.1 1279 i27.1 127.0 112.5 127.1

13 111.1 110.6 109.5 1096  H9T 1096 1094 1096

i3 130.6 1300 130.0 1200 1301 1303 1318 £30.2

14 273 26.5 272 - 261 273 213 272 273

15 320 32.0 31.8 3.7 319 319 318 319

16’ 550 420 54.8 40,9 54.3 548 558 549

17 36.5 34.2 36.2 139 36.3 364 315 364

18’ 11.7 119 115 11.8 116 116 116 11.5

19 26.7 278 26.6 276 26.7 26.7 26.7 26.7

20 39.1 41.5 388 41.7 38.9 38.9 389 389

21 57.6 575 56.9 57.5 570 57.0 582 570

QOOMe 175.6 — 1749 — 1748 1750 175.5 1749

COOCH, 527 — 51.8 —_— 50.0 49.7 52.5 50.6

OMe 55,7 560 56.0 559 56.0 56.0 578 56.0

Spectra were obtained at 25.2 MHz in Fourier transform mode in CDCl; solutions. Chemical shifts are
expressed on the TMS scale according to: d TMS = & CDCl; + 76.9 ppm.
* Assignments for these signals within a vertical column may be reversed.

Neuss of Lilly Research Laboratories for providing an authentic -

sample of perivine and the Conselbo Nacional de Desen-
volvimento Cientifico 2 Technoldgico—CNPg—for financial
support.
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methoxyisoguinoline;
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methoxytetrahydroisoquinoline;  1+(p-methoxybenzyl)-6,7-methylenedicxytetrahydroisoquinoline; N-methyi-
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Abstract—The 1*C NMR spectra of some isoquinoline and tetrahydroisoquineline alkaloids and their corresponding
N-methosalts and of the bisbenzylisoquino]‘ine alkaloid isochondodendrine were recorded and the signals assigned.
The substituent shielding effects and the *C~'H long range couplings were analysed and utilized in the spectral

interpretation.

INTRODUCTION

In recent years effort has been devoted to the *C NMR
spectral analysis of isoquineline alkaloids and valuable
information regarding their structural features has been
obtained [1-3]. In this connection, and as part of a
project on the **C NMR spectroscopy of natural pro-
ducts [4], and in order to facilitate the shift assignments
of related alkaloids, the analysis of the 1*C NMR spectra
of some benzylisoquinoline, benzyltetrahydroisoguino-
line alkaloids, theircorresponding N-methosalts and the
bisbenzylisoguineline alkaloid isochondodendrine was
carried out. To the best of our knowledge this is the
first *3C NMR spectral analysis of a bisbenzylisogquino-
line aikaloid.

RESULTS AND DISCUSSION

Table 1 lists the carbon shifts of papaverine 1, 1-
{p-methoxybenzyl}-6,7-dimethoxyisoquinoline 2 and I-
(p-methoxybenzyl}6,7-methylenedioxyisoquinoline 3[3],
assigned by standard chemical shift theory, comparison
with reference compounds and mainly, by analysis of
the SFORD and the fully coupled **C NMR spectra.

Amongst the proton-bearing carbons of 1, clearly
assigned from a SFORD spectrum, C-3 and C-4 show
shifts at 140.6 and 118.3 ppm respectively, in agreement
with reported values for isoquinoline and further, con-
firmed by analysis of their fine structure from a ‘H-
coupled **C spectrum [*J(C,-H,) = 8 Hz, *J(C-H ) =
49 Hz, *JIC,-H,) = 3.1 Hz] [6‘} Of the remaining 35
methines, the lowest fieid signal at 120.1 ppm can be
assigned to C-6, by its chemical shift and its complex
coupling pattern due 1o a *J_,, and two angle dependent
couplings with the benzylic protons [ 7}. The distinction
of the methines orthoe to methoxyl groups is founded
apgain on the analysis of their fine structure, the signal
at 104.9 ppm showing a *J,, = 4.9 Hz was assigned to
C-5 while the one at 103.8 ppm, with no long-range
spliftings to C-8. Carbon-5" at 110.5 ppm appears as a
clean doublet with no discernible 2J_,, or *J 4, and C-2,
at 111.5 ppm shows a very complex fine structure,

The signals corresponding to the oxygenated quater-
nary carbons at 1520 and 149.7 ppm were assigned to
C-6 and C-7 respectively, by comparison with related
carbons of 6,7-dimethoxyisoquinoline 5 and the re-
maining ones at 148.6 and 147.0 ppm, to C-3, and C-4,
respectively, by comparison with the benzyl moiety
of laudanosine, 9 [1}.

Based on their muliiplicities, the non-oxygenated
quaternary carbon signals at 133.0 and 122.5 ppm were
assigned to C-4a and C-8a respectively, C-4a shows a
clear triplet [*J(C,-H, ,} = 7.0 Hz] while C-8a appears
as a complex multiplet, difficult to analyze because of

Table 1. 1*C NMR spectral data for compounds §-4, 7 and 8*

Carbon 1 2 3 4 7 8
{ 1574 1577 1580 1554 64.4 65.0
3 140.6 1408 1410 1402 463 46.0
4 13183 1184 1191 1183 250 25.6
4a 133.0 1332 1348 1326 1253 1273
5 1049 1051 1029 1049 1130 108.0
6 1520 1521 150.0 1525 1466 1450
7 1467  149.5 1480 149.8 1457 1454
g8 103.8 1040 1017 102.8 1107 1070
8a 1225 1226 1246 1224 1286 1364
o 420 41.7 414 379 30.7 40.5
i 1319 1315 1313 1287 1313 1316
2 1115 1292 1292 E134 13001 13G1
3 1486 1137 1137 1522 1130 1832
4 1470 1577 1507 1469 1573 1515
5 1105 1137 1137 1007 1130 1832
[} $£20.1 1292 12941 1410 1301 1301
—0OMe 555 5582 55.1 55.6 54.6 549
55.7 55.7 55.0
558 55.2
—QOCH,0— 101.3 100.2
—MNME 42.1 424

* The spectra were obtained a1 25.2 MHz in Fourier transform
mede in CDC, solutions. The data for each carbon are shown
in ppm downfieid from TMS.
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the overlap of signals. The remaining two signals at
157.4 and 131.9 ppm, which are, as expected, essentially
unaffected in compounds 1, 2 and 3, were assigned to
C-1 and C-1', respectively. Further, the & values of 6,
used as model for ring B of these compounds, support
the above assignments {8]. The nonaromatic carbons
of I, 2 and 3 were readily assigned on the basis of standard
chemical shift theory and analysis of the SFORD
spectrum.

Comparison of the shifts of C-5 and C-8 of 1 and 2
with the reported values for related carbons of 6,7-
dimethoxyisoquinoline 8 [2], shows some interesting
results. In 1 and 2 the mentioned carbons are clearly
shielded and, at least on C-35, this is probably due to an
electronic effect of the substituent on C-1, apparently
the observed shieldingeffect is independent of the electron
releasing capacity of the substituents on ring C, since
the introduction of a nitro group, 4, does not affect
the chemical shift of C.5. On C-8 however, a y effect
produced by C,, similar to that observed on a similar
carbon in the conversion of naphthalene to I-methyl-
naphthglene [9], could be invoked to explain its chemical
shift.

The replacement of the 6,7-dimethoxyisoquinoline
in 1 and 2 by a methylenedioxyisoguinoline system in
3 causes the expected changes on the benzenoid carbons;
C-5, C-6, C-7 and C-8 are shielded while C-4a and C-8a
are deshielded [{}. The transformation of 1 into 4,
affects the carbons of ring C in a predictable way con-
firming the above assignment. .

The analysis of 7 and 8 was greatly simplified by
previous work [1] and their shifts are also listed in
Table t. As expected, the resonances due to the nonaro-
matic carbons and those of ring C of 7 and 8 are in good
agreement with the reported values for laudanosine
9 and for compounds 2 and 3 respectively; they were
readily assigned and further confirmed by analysis of
their multiplicities. Comparison of the carbon signals
of the tetrahydroisoguinoline system of 9 with the
corresponding ones of 7, shows agreement for all
except for the shift of 132.2 ppm assigned to C-8a,
which should be reversed with the 129.0ppm signal

LR =R, =R, =—0Me;R, =H

LR =R,=—0OMeR, =R, =H

3R =R, =—0OCH,O0—R; =R, =H
4R, =R, =R, = —O0Me; R, = —NO,

121,09
5 137.2 / I 149.8
1234 N 6
159,9

A. I Manrsatorrn, E. A. Rovepa and F. A. M. Res

Table 2. "3C NMR spectral data for compounds 10-15*

Carbon jot 11 12 13% 14 15
1 1527 1507 1517 713 LT 719
3 135.6 1343 1361 547 548 544
4 1225 121.5 1231 231 231 233
4a 1354 1347 1375 1206 1206 1220
5 106.1 1054 1033 1110 ML 1078
6 1567 1557 1550 1489 1485 1475
7 1542 1536 1547 1466 1461 1455
8 1046 1040 1025 1305 1102 1075
Ra 1239 1230 1256 13191 1192 1209
o 348 336 346 374 371 370
I 1254 1244 1244 1263 1258 12355
z $1L5 1278 1286 1131 13t 1305
¥ 1450 1134 1143 1489 1134 1134
4 1479 1573 1583 1479 1382 138.1
5 Hi1E 1134 $143 1101 1134 1134
& 1§89 1278 1286 1223 1311 1305
OMe 566 566 549 564 554 546
565 560 554 547
360 554 54.9
55.8 547
,
NMe 469 458 468 523 524 522
303 505 50.6
-QOCH,0— £02.5 100.8

* The spectra were obtained at 252 MHz in Fourier traasform
mode in CDCI, solutions. The data for each carbon are shown
in ppm downfield from TMS.3 Some methanol was added for
better dissolution of the compound.

previously assigned to C-1 [10}. The replacement of
the 6,7-dimethoxy groups of 7 by the methylenedioxy
unit of 8, produces again the expected changes conlfirming
the above assignments.

The transformation of compounds 1, 2 and 3 into their
corresponding N-methosalts 10, 11 and 12 respectively,
produces similar changes on A and B rings to the ones
observed on isoquinoline by protonation [11]. Carbon-1
and C-3 are shielded while C-4, C-6 and C-7 are deshield-
ed. The remaining aromatic carbons of 10, 11 and 12,
except C-1', which suffers a strong shielding effect, are

Rl
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Table 3. '3C NMR spectral data for compounds 17-19*

Carbon 1w 18 197
% 107 580 56.2 394
33y 44.0 444 44.2
4q) 258 246 4.5
dafda’) 1229 1294 1326
S 1073 1089 108.7
H6) 149.9 1514 150.3
" 1357 138.5 1293
88" 1394 1433 1428
8(54") 1248 1252 1248
9(9 1280 1301 130.8
10(10°) 127.2§ 127,78 128.08
1(1) 1143] 136 1139]
12(127) 153.5 153.7 1335
13(13) 1174) 117.0] 117.3§
14(14) 128.6§ 128.3 128.2]
1501%) 338 376 39.1
OMe 55.2 59.7 55.8
5357
NMe 40.5 42.1 421

*The spectra were obtained at 23.2 MHz in the Fourier
transform mode in CDCl, solutions. The § values are in ppm
downfield from TMS. T Some methano] was added for better
solution of the compound. § The acety] C=0 and Me shifts are
166.9 and 19.6 ppm. respectively §, # Signals within the verti-
cal columns may be reversed® The numbering system foliows

the rules reported in C.A, 196771,

essentially unaffected. Carbon-x is also shielded in
comparison with the related carbon of 1,2 or 3dueto a
y effect imposed by the N-Me group.

In view of the relatively wide distribution of quaternary
alkaloids derived from tetrahvdroisoquinoling, the N-
methosalts 13, 14 and 15 were also analyzed. Asexpected,
the most affected carbons are the ones at ring B; C-]
and C-3 are deshielded while C-4, C-4z and C-8a are
shiclded comparing with the related carbons of the
tertiary alkaloids. As was observed above, the N atom
carrying a positive charge induces a shielding eifect on
C-1. The & values for all carbons of compounds 10-15
are listed in Table 2.

In an attemipt to explain the shifts of the carbons of

. ring B of 13, 14 and 15, a comparison with like carbons

of the » and £ forms of quaternary protoberberine
alkaloids was carried out [12]. The striking similarity
of the é values of C-3, C-4a, C-8a and C_ of 13, 14 and 15
with the corresponding ones of 16 could be explained
assuming that ring B with a rigid half-chair conformation
has the benzylic carbon C_ at a quasi-axial position [ 13].

The shifts of the bisbenzylisoquinoline alkaloid iso-
chondodendrine 17, its Me and acetyl derivatives

Ry N
o
R; 7N Me
Ry
MO

=R, =R, = —0OMe
, = Ry = —0OMe, R, = H
= R, =-=0CH,0—; R, =H

Bl fued Sousk
gy
AR
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17,R, = OH
18, R, = OMe

0

Il
19, R, = OC—Me

18 and 19 respectively, greatly simplified by the sym-
metry of these molecules, are listed in Table 3. The
nonaromatic carbons of 17 were assigned by analysis
of a SFORD spectrum, standard chemical shift theory
and comparison with related carbons of 7 and 8. The
introduction of a third oxygenated function on -8
of the tetrahydroisoguincline system produces a shield-
ing effect on C-1 and C-15, similar to that observed on
the protoberberine alkaloids {2].

The quaternary aromatic carbons, distinguished on
the basis of the SFORD spectrum, show signals at 129.0
and 153.8 ppm which remain unchanged in the trans-
formation of 17 into 18 and 19. Based on this result
and on the similarity of their shifts with C-1' and C-4/,
of T and 8 they were assigned to C-9 and C-12 respectively,
The assignment of the remaining quaternary carbons is
founded on the known fact that in a [,3-dimethoxy-2-
hydroxy substituted benzene ring, the methylation of
the OH group induces deshielding on ipso, orthe and
para carbons, while the meta positions are much less
affected [14]. Further support for the assignment
of signals at 122.0 and 124.8 ppm to the nonoxygenated
quaternary carbons C-4a and C-8a respectively, and

Ry
NCB/ Me
R; ~Me
R O
MeO
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thesignalsat 149.9.135.7and 1 39.7 ppmtothe oxygenated
ones C-6, C-7 and C-8, was obtained by acetylation.
As expected, C.7 suffers a shielding effect. C-6, C-8
and C-4a, ortho and para to the acetoxy group respect-
ively, are deshielded, while C-5 and C-8a are unaffected
[15].
Of the aromatic methine shifts, the assignment of the
107.3 ppm signal 1o C-5 is simple. The remaining 4
_signals are split into two pairs of similar chemical
shifts. Although the higher field pair. 114.3 and 1174
ppm, can be assigned to carbons orthe to the oxypenated
function of the p-substituted benzene ring, specific
assignments become difficult. The non-equivalence of
the protons atiached to these carbons, previously
observed in the PMR spectrum of 17, has been attributed
to restricted rotation of both benzene rings [14].

EXPERIMENTAL

Papaverine was a commercial sample and compounds 2 and
3 were isolated from an Ocorea sp. kindly provided by Dr. U.
M. F. Meirelles, according to ref, [17]. Compound 4 was pre-
pared according to ref. [18]. The N-methosalts were prepared by
refluxing with CH,Iin MeOH. their reductions were carried out
with NaBH, in MeOH solns. Methylation and acetylation of 17
was carried out under usual conditions; treatment with CH, N,
in CHCi,—MeOH soln and Ac,O-Py, yiclded 18 and 19,
respectively.

Acknowledgements—We thank FINEP and CNPq (Grant No.
222220314/77) for financial support. Dr. R. A, SEBA {Instituto
Vital Brazi}) and Prof. Q. Vital Brazil {Departmento de Farma~
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Key Word Index—'2C NMR spectra: aporphine alkaloids: glancine methiodide: xanteplanine iodide: laurifoline
chloride: dicentrine methiodide: isocorvdine methochloride: corydine methochloride: 0.0'-dimethylmagno-
ftorine iodide; magnoflorine iodide; ocoteine: boldine; ocoteine methiodide: boldine methiodide.

Abstract—The 1*C NMR spectra of some tertiary and quaternary aporphine atkaloids are recorded and the signals
assigned. The substituent shielding effects together with the effects of N- and O-methylation, and the twisting of the
biphenyl system. are analysed and utilized in the spectral interpretation.

INTRODUCTION

The presence of a twisted biphenyl system and the steric
effects produced by substituents in the skeleton of
aporphines, make them very attractive for spectral
analysis. Evidence obtained by UV, ORD. PMR and M35
studies [ 1, 2] were useful for distinguishing between the
1,2,9,10 and 1,2,10,11 oxygenated patterns [3]. but the
nature (MeO— or HO-~) of a particular substituent at a
determined position remained difficult to assign. Con-
sequently, and in view of the stiriking sensitivity of carbon
shifts to steric effects, it was decided to carry out an
analysis of some representative members of this large
group of isoquinoline alkaloids [4], as continuation of our
project on 13C NMR spectral analysis of natural products
L5]

RESULTS AND DISCUSSION

The assignment of glaucine methiodide 2a was based
on the reported data for glaucine 1 {6} and on the effects
of N-methylation on the neighbouring carbon shifts,
The quaternization of the N-atom of I causes deshielding
of C-5 and C-6z and shielding of C-1b, C-3a, C-7 and
C-7a by magnitudes similar to those previously observed
in the 1-benzyltetrahydroisoquinoiine alkaloid series [5].

Comparison of 2a with the monophenelic and di-
phenolic alkaloids xantoplanine iodide 2b and Jaurifoline
chloride 2c, respectively, shows that the replacement of
the OMe (6 = 56 ppm) on C-9 of 2a by an OH group as

in 2b, produces the normal effects on the carbons

ortho 1o the phenolic function, while the para position
(C-11a) is essentially unaffected. In 2e. however, the
replacement of the sterically hindered OMe (8 = 604

* Present address: Pfizer SA.CL, Buenog Aires, Argentina,

t in agreement with these ebservations, the transformation of
{~)-C-methyleapaurine into  1-meihoxy-2,3-methylenedioxy-
tetrahydroprotoberberine and 1.2-methylienedioxy-3-
methoxytetrahydroprotoberberine shows shieiding of alt ring A
carbon shifs (Kametani, T, Fukumoto, K., Thara, M., Uljiie, A.
and Koizumi, H. {1975} J. Org. Chem. 40, 3280;.

ppm)} on C-1 of 2a by an OH group, induces stronger
shiciding effects on C-la, C-2 and C-3a, orthe and para
respectively to the oxygenated function, as previously
described for other crowded systems [71. The carbon
signals of O-ethylxantoplanine iodide 2d and 0.0-
diethyllaurifoline iodide 2e are similar to the ones
observed in 2a, the CH,, of the O-ethyl group on C-1 of Ze.
being sterically hindered. resonates at lower field than
the CH, of the O-cthyl group on C4 of 2d and 2Ze

It is known that the replacement of two OMe groups
of an aromatic system by a methylenedioxy moiety
induces shielding of the oxycarbons and their neighbours
by 1-2 and 3-4 ppm, respectively, and deshielding of the
remaining ones by 1-2 ppm {6]. Comparison of the ring
A carbon shifts of 2a with those of dicentrine methiodide
2{. shows stronger shielding effects on C-2 and C-la,
while C-1b and C-3a are also shielded. These apparently
anomalous observations are consequences of the fact that
the interactions of the methoxyl oxygens with the aryl
carbons are more easily altered than the corresponding
ones of the planar and rigid methylenedioxy group in
highly substituted systems. These data establish that the
reported effects of changing twe OMe by a —OCH,0—
motety on the benzene carbon shifts. are valid oniy for
systems {rec of severe stericinteractions.t In the aporphine
series, for example, comparison of the reported shifis of
ring D of I, carrying two OMe groups without steric
interactions, with similar sites of nantenine 3, shows the
anormal effects [6]. The remaining carbon shifts of 21,
are practically unaffected by comparison with 2a.
The shifts of compounds 2a-2f are listed in Table 1.

The shifts of the highly strained 1.2,10.11-tetra-
substituted quaternary aporphines, isocorydine metho-
chloride 8a, 0,0"-dimethylmagnollorine 1odide 5b, cory-
dine methochloride Sc and magnofiorine iodide 5d. are
listed in Table 2. The assignments are bascd on the &
values recorded for isocorydine 4 [6], on the effects of
N-quaternization and O-methylation of sterically hin-
dered OH groups and on comparison of the signals of
the 4 compounds with each other,

165
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Table 1, *§ **C NMR data of aporphine alkaloids and their derivatives

2a b Ze 2d+ 2er 2§
1 145.6 1459 142.2 145.6 T 1445 143.1
1a 127.7 127.6 118.2¢ 127.7 128.0 116.7
b 118.6 118.4 11831 118.5 118.6 117.9
2 1539 153.6 148.0 1539 1539 148.5
3 110.2 109.3 108.0 110.1 1100 106.4
3a 124.1% 124.4 119.3 1239 124.0% 121.8%
4 243 240 235 . 242 24.2 240 .
5 614 61.5 615 613 61.4 61.8
fa 70.3 69.9 69.7 70.4 70.3 69.8
7 29.5 289 286 29.6 295 28.7
7a 124.0¢ 1239 1237 1239 123.8% 1233
8 1114 145 1143 112.3 112.3 11L6
9 148.8 1459 145.4 148.4 148.1 143.3
i0 148.2 146.5 146.2 148.2 148.1 1482
i1 111.4 11L4 1121 1116 111.8 110.2
a 1230 1220 122.5 122.8 123.1 122,01
~NT Me, 44.0: 54.8 43.6:54.3 426;534 43.8; 54.7 43.5; 547 43.6; 54.3
—OMe (C-1} 60.5 60.1 60.4
—OMe(C-2) 55.7 55.8 55.7 559 - 559
—OMe (C-9) 56.1 55.9
O Me {C-10) 56.1 55.8 557 559 55.9 559
~—QCH,0- 1013
—QFHC-1) ‘ 15.7; 69.0
—QFt (C-H 148 64.5 14.5: 64.5

* Spectra were obtained at 25.2 Mz in Fourier transform mode in CDCl, solutions with some MeOH for beiter dissolution of the
compounds, The & values are in ppm downlield from TMS.

+ In CDCI, solution.

i Signals may be reversed. .

§ Although the fully coupled spectra showed complex fine structures preventing unambiguous assignruents, some of the carbon
shifts listed in this and in Tables 2 and 3, were confirmed by 1*C-*H long-range couplings.

Table 2.% 13C NMR dala for aporphine alkaloids and their derivatives.

Sat 5bt Sef Sd§

1 : 1430 146.9) 143.6 1402
fa 1260 - 124.5 119.2% 1189
ib 1183 1210 119.2¢ 117.7
2 1529 153.0 150.9 143.8
3 110.6 11Le : 110.6 109.6:
“3a 125.2 1229 119.69 1203
4 213 : 234 23.9 234
5 60.3 60.8 61.0 61.5
6a 69.1 _ ‘ 69.3 69.8 69.7
7 30.6 304 30.7 30.3
Ta 124.3 1252 12471 1238
8 119.6 1226 1253 120.8
9 11L5 1123 1i1.8 1109
10 149.7 1524 1525 147.6
11 143.5 147.1] 143.6. 140.2°
lia 1202 1238 124.6| 119.2)
—N* Me, 429;535 43.1; 53.9 44.0; 54.8. 43.4; 54.2
—OMe (C-1) 62.1 60.7 ;

—OMe (C-2) 558 559 56.1 358
—0OMe (C-10) 55.9 56.1 55.8:
—OMe (C-11) 55.8 60.7 62.2

* Spectra were obtained at 25.2 MHz in Fourier transform mode. The 9 values are in ppm downfield from TMS.
In CDCI, sclution with some MeQH.

In CDCI, solution.

In CDCY, solution with some TFA.

- Signals may be reversed.

4 Signals may be reversed.
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OR 4

6aR =R, =R, = H:R, = Me
6b R, = OMe; R, = R, = —CH,—; R, = Me

2a
2b
2c
24
2e

i

[

I

o
R, =R, =Me:X =1
R, =Me; R, =H:X =1
Me;R, =Ry = H; X = Cl
R, =Me; R, = Et; X = |
Me; R, = R, = EG; X =1
R, = CH,— R, =Me; X =1

]

»
t

OR4

,=R,=H;R, = Me: X =1
OMe; R, = Ry = —CH,— R, = Me; X =1
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methanone; (6,7-methylenedioxyisoquinolinyl)-(4-methoxyphenyl)-methanone.

INTRODUCTION

Recently we described the isclation and structure
elucidation of oxo-O-methylpukateine (1a)* and of
the known alkaloid O-methylmoscatoline (1b) from
Dugetia eximia [1]. In order to confirm the proposed
structure for la, its synthesis was carried out [2-4].
Following the sequence reported by Cohen er al. [4]
and starting from 6’-nitropapaveraldine, oxoglaucine
(1c¢) was also prepared: The absence of “C NMR
spectral data of oxoaporphines prompted us to under-
take the analysis of 1a, 1b and Ie¢ as an aid in the
structure elucidation of new compeunds and also as a
continuation of our project on *C NMR spectroscopy
of isoquinoline alkaloids 3, 6].

1a R,=R,=R,=H; R,=R,;=—CH,—; R, = OMe
Ib R = OMe; R,=R,=Me; R,=R,=R,=H
1c R,=R,=H; R,=R,=Me; Ry= Rg=OMe

* After submission of our manuscript [1] we became aware
of a publication by Hsu, C.C., Dobberstein, R. H., Cordell,
G. A. and Farnsworth, N. R. (1977) Lloydia 46, 152, in
which the isolation of 1a was reported.

+ Complex multiplet,

RESULTS AND DISCUSSION

In order to facilitate the shift assignment of the
oxoaporphine alkaloids Ta-1¢, the analysis of
papaveraldine (2a), (6.7-dimethoxyisoquinoiiny)-(4'-
methoxyphenyl)-methanone (2b), (6.7-methylenedi-
oxyisoquinolinyl}-(4"-methoxyphenyl)-methanone (2¢),
was first carried out.

The dimethoxyvisequinoline system of 2a shows car-
bon shifts and mattiplicities, in the fully coupled spec-
trum, comparable to those observed in papaverine (3)
[5], except for the C-1, C-4 and C-3a signals. Carbon-
1 and C-4 are shielded and deshiclded respectively in
2a, due to the effect of the CO group, and C-8a
appears as a clean triplet [>J{C-8a, H-4); *J(C-8a,

2a Ry=R,=Me; Ry=0Me
2b R;=R,=Me; R;=H
2¢c Ry=Ry=—CH,—; R,=H

H-5}], since further long range splittings produced by
the methylene group were eliminated. A companson
of the carbon signals of ring C of 2a with the corres-
ponding ones of veratraldehyde (4) [7] shows good
agreement allowing a preliminary shift assignment,
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The analysis of the fine structure of these methines
from the 'H-coupled "*C spectrum indicates, however,
that the signals at 111.7 and 109.7 ppm should be
assigned to C-2' and C-5' respectively, although the
shifts of related carbons of 4 show the opposite trend.
The assignment of rings A and B carbon shifts of 2b

is based on comparisons with the isoquinoline system -

of 2a, and for ring C, the methoxybenzophenone
5 was used as model {8]. Finally, the replacement
of the 6.7-dimethoxyisoquinoline in 2a by a
methvlenedioxvisoquinoline in 2¢ produces the ex-
pected changes on the benzenoid carbons [9], while
the remaining carbon shifts are essentially unaffected.
The non-aromatic carbons of 2a, 2b and 2¢ were
readily assigned by standard chemical shift theory. The
shiits of compounds 2a-2¢ are listed in Table 1.

The first oxozporphine alkaloid analysed was oxog-
laucine (1¢) and its sp® carbon signals were split into
two groups on the basis of their signal multiplicities
from a SFORD spectrum. Of the proton-bearing car-
bon shifts, the signals at 105.7, 122.9 and 144.3 ppm
were assigned to C-3, C-4 and C-5, respectively, by
analysis of their fine structure in the fully coupled
spectrum, leaving those at ca 109 ppm to C-8 and
C-11 or vice versa. Unambiguous assignment, how-
ever, was made by selective decoupling at 8§ ppm
which is the resonance frequency of H-8 [10]. The
non-protonated carbon signals at 119.1, 121.1, 134.8
and 144.9 ppm were assigned, again on the basis of
their fine structure from a fully coupled spectrum, to
C-1a, C-1b, C-3a and C-6a, respectively, while for the
assignments of the remaining signals at 126.3 and
128.7 ppm and those of the non-protonated, oxyge-

Table 1. '*C NMR data of compounds 2a-2¢

Carbon 2a 2b 2c

1 153.5 1535 1547
3 139.7 1399 1402
4 1209 1211 1217
4a 1336 133.8 1333
5 104.6  104.7  102.6
6 1529 153.0 1510
7 150.7  150.9 1491
8 103.8 1040 102.1
Ba 122.5 1226 1237
v 1296 1297 1207
2 1117 1331 1330
3, 148.7 113.6 1136
4 153.5 1630 1638
Y 109.7 1136 113.6
6 126.6 1331 133.0
—OMe 559 560 550

559  36.0

55.9 556

55.9 :
=0 1864 1870  *
—OCH0— 101.7

The spectra were obtained at 25.2 MHz in
Fourier {ransform mede in CDCly solutions.
The data for each c¢arbon are shown in ppm’
downfield from TMS.

*Due 1o the lower sample concentration the
CO signal was not detected.

nated aromatic carbons, a comparison between the AS
values observed in the transformation of laudanosine
(6} into glaucine (7) [9] with the ones observed going
from papaveraldine (2a) into oxoglaucine (1c) was
used. The OMe groups on C-2, C-9 and C-10 show
signals at 55.8 ppm and the one on C-1, as expected,
resonates at lower field, 600.2 ppm. The signal at 180.7
ppm was assigned to the CO group.

The introduction of a third OMe group on C-3
produces expected changes on the isoquinoline car-
bons of O-methylmoscatoline (1b) compared with
those of Ie. Carbon-3 and its corresponding para and
ortho positions, C-1a, C-2 and C-3a, are deshielded
and shielded, respectively, and C-4, which suffers a
vy-effect by the new oxygenated function, is also
shielded. The assignment of C-7a, C-11a and C-10 is
based on the effects produced on some of the aromatic
carbons by the replacement of 2 benzylic methylene by
a CO group (8—9) [9, 11] using nuciferine ring D
shifts, 10 [9] as a reference compound, leaving C-8,
C-9 and C-11 unresolved. The shifts of the OMe
groups of 1b at ca 61 ppm indicate that they are
sterically hindered, but specific assignments become
difficult.

O
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"Table 2. **C NMR data of oxoaporphines 1a-1¢

Carbon 1a 1b 1c 1c*
1 147.3 1482 1489 1539
1a 1044 1154 1191 1201
ib 1216 1225 1211 1234
2 1519 1470 156.1 1629
3 1021 1562 1057  106.5
3a 135.2 130.8 1348 1353
4 1233 1189 1229 1262
5 144.0 1443 1443 1331
6a 1443 1450 1449 1417
7 182.0 1823 1807 1748
7a 133.2 1314 1263 1331
8 1202 1279 1092  110.1
9 120.1 1287 150.2 1502
10 116.1 1341 1532 1567
11 156.0 1274 1097 1113
ila 123.1 1343 1287 1304
—OMe 559 617 6021 616

61.3 55.8 57.3
60.9 55.8 56.3
55.8 56.3

—OCH,0— 1015

The spectra were obtained at 25.2 MHz in the
Fourier transform mode in CDCl; to which some
drops of MeOH were added for better solution of the
compounds. The & values are in ppm downfield irom
TMS.

*In CDCl, solution with some TFA.

+Signal assigned to the OMe carried by C-1.

The signal assignments of oxo-(O-methylpukateine
(1a) were greatly simpiified by the analysis of 1b and
1c. As expected, the effects of the replacement of two
OMe groups by a methylenedioxy moiety in sterically
hindered systems (le—1a) are observed on the ben-
zenoid carbons [6], while the remaining carbons are
little affected. In agreement with these observations,
C-3, C-4, C-5 and C-6a show the expected multip-
licities in a fully coupled spectrum. The introduction of
a OMe group on C-11 produces predictable changes
on ring D carbon shifts, allowing its complete assign-
ment.

In view of the low solubility generally observed in
some oxoaporphines and of the comparative study of
'H NMR in CDCl, and TFA solutions [10], the C
NMR analysis of oxoglaucine {Le} in CDCI; solution
with some TFA was also undertaken. As expected.
rings A and B carbons suffer changes similar to those
observed on isoguinoline by protonation [12} and
further, the minor changes observed on ring D carbon
shifis and on the CO group could be explained assum-
ing a keto-enol tautomerism, as was previousty
suggested by UV spectroscopy [13]. The shifts of 1a.
1b and 1le¢ in CDCl. solutions and those of 1le in
CDCI, solution with some TFA are listed in Table 2.
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Due to the neuromuscular blocking activity shown by
some members of the curine class of bis(benzyliso-
quinoline) alkaloids! much effort has been devoted to the
elucidation of their structures, and more recently, by the
application of modern spectroscopic technigues, data on
their solution conformations have also been reported.?

The increasing use of 1*C NMR spectroscopy for strue-
ture elucidation of natural products and the lack of data
on the bis(henzylisoquinolines}) prompted us to analyze
different classes of these alkaloids®* in the hope of con-
tributing to the determination of related but up to now
unresolved structures® as well as to the detection, in com-
bination with 'H NMR, of conformational features of these
interesting substances,

The C NMR analyses were initiated with bebeerine (1)
and its derivatives 2-7.

Table I lists their carbon shifts which were assigned by
standard chemical shift theory and analysis of the SFORD
and fully coupled spectra. Due to the overlapping of sig-
nals, the application of inversion recovery conditions was
necessary to detect the sp? carbons nenbonded to hydro-
gen. The assignment was further supported by the known
effects of alkylation and acetylation of phenols, analysis
of model compounds, and selective irradiations.

The carbons of rings ABC and A’'B'C’ were assigned,
taking isochondodendrine (9} and 1-(p-methoxybenzyl)-
6,7-dimethoxytetrahydroisoquinoline (10)? as models, re-
spectively. The assignments of rings A and C’ carbons of
I were in accordance with rings A and C of 9, respectively,

(1) Shamma, M. "The Isoquinoline Alkaloids”™; Academic Press: New
York, 1972; p 142,

(2) Egan, R. S,; Stanaszek, R. 8.; Williamson, D. E. J. Chem. Soe.
Perkin Trans. 2 1973, 118, Bick, I. R. C.; Harley-Mason, J.; Sheppard,
N.; Vernengo, M. J. J. Chem. Soc. €. 1961, 1896.

=R, = H {a,b = R,R)
=R, = Me (a,b = R,R)

= Me, R, = K (a,b = R,R}
=i, R2 = Me {a,b = R,R)
= Me, Rz = Ac¢ {a,b = R,R)

= Ac, R2 = Me (a,b = R,R)
= Ac, Ry = Ac (a,b = R,R)
= R, = H (a,b = R,S)

2

foa |~ Jon fon 1o w is 1
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showing the same C-H noneguivalence in ring C as well.
Confirmation of ring A chemical shifts was carried out by
methylation, going from 1 to 2, 3, and/or 5, and acetyla-
tion, going from 1 to 6 and/or 7, of the phenols.® The

(3) Marsaieli, A. J.; Ruvede, E. A; Reis F. de A, M, Phytochemistry
1978, 17, 1665.

(4) Koike, L.; Marsaioli, A. J.; Ruveds, E. A; Reis, F. de A, M.; Bick,
L R. C. Tetrahedron Lett, 1979, 3765.

{3) Guha, K. P.; Mukherjee, B.; Mukherjee, R, J. Nat. Prod. 1979, 42,
1,



2386 J. Org. Chem., Vol. 46, No, 11, 1981

107.3 24.3

44.0

[¥] 33.8
127.3
114.3
3
113.0 25.1

Med

55.0 46.4

55.2

T Ma

Mel 42.1

fully coupled spectrum of 1 showed C-7 at 137.3 ppm as
a doublet and C-8 at 138.3 ppm as a sharp singlet, identical
with the pattern reported for isochondodendrine (9).* The
signals at 148.2, 143.5, 1284, 128.4, 119.5, and 112.0 ppm
were assigned to carbons 67, 7/, 42’, 84’, 8, and & (ring A’)
by comparison with the calculated & values of like carbons
of 10, obtained by the predictable modifications produced
by the change of a methoxy to an aryloxy substituent on
C-7 (10 — 1).% Selective irradiation at the H-8 signal (8
6.04), which appears at higher field than those of the re-
maining aromatic protons, simplified that at 119.5 ppm,
allowing its unambiguous assignment to C-8. A careful
analysis of the 'H and *C NMR data of 1 and its deriva-
tives 2-7 shows some interesting results. Methylation or
acetylation of the C-12 phenol of 1 induces a clear shielding
effect on C-8’, unambiguously assigned in all compounds
by selective proton decoupling, and although lower in

Notes

magnitude C-4a’ and C-6' also suffer a shielding effect.
The mentioned transformations (1 to 2, 4, and 6 and 1 to
5 and 7) also shift the H-8 signals to higher field while the
corresponding ones of H-14" are shifted to lower field
(Table II}. [The ring C proion signals show broad ab-
sorptions similar to the one reported for (+)-tubocurarine
chloride at room temperature’ and were not assigned.}

Examination of Dreiding models shows that compound
1 has a strained structure adopting extended and folded
conformations for rings ABC and A'B’C, respectively, in
some way similar to the ones proposed for the berbamine
class of alkaloids.? Consequently, the substituent effects
observed on the *C and *H NMR signals could be pro-
duced by a gradual rotation of ring C leading C-12 to the
external part of the molecule which adopts a less hindered
conformation.

This rotation approximates H-8 and takes H-14" away
from the anisotropic shielding of ring C’ simultaneously,
increasing the electron donation of the oxygen at carbon
7' to ring A’, consequently shielding C-8, C-¢, and C-4a’8

The sp® carbon shifts of 1 as in 11* were split into two
groups, 5 64.7, 44.6, 41.3, 39.5, and 24.1 and ¢ 59.8, 43.6,

41.8, 395, and 21.6. Comparison of & values of similar sites
in both units shows that, due to the C-8 oxygen v effect,
C-1 is clearly shielded.

23.9 105.7 55.7 55.7 11.1 24.0
151.7
OMe

He

The difference between C-4 and C-4 could be explained
by assuming that in ring B the N-Me is preferentially
pseudoaxial and therefore through a v effect shields C-4
(21.6 ppm). Carbon 4’, on the other hand, in a ring with
a predominant pseudoequatorial N-Me, shows a lower field
signal (24.1 ppm). In the rigid system of 12,7 however, with

29.2

MeQ

12

the pseudoequatorial N substituent (C-8), the methylene

(6) Gottlieb, H. E. [sr. J. Chem. 1977, 16, 37 and references cited
therein. .

{7) Kametani, T.; Fukumoto K,; Thara M,; Ujiie A.; Koizwmi H. J. Org,
Chem. 1975, 40, 3280.
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Table I. C NMR Data for Bebeerine (1) and Related Alkaloids?
chemical shift, ppm

carbons 18 2 3 4 5 6 7 8
1 59.8 60.3 60.2 60.2 60.4 60.6 60.2 59.3
3 43.6 43.1 43.5 43.4 43.1 43.2 42,9 44.2
4 21.6 - 21.6 21.9 21.4 21.6 22.1 21.5 23.2
4a 123.99 1294 129.2 124.3 129.5 132.0 132.0 124.6
3 107.7 108.7 108.8 107.7 108.8 108.7 108.4 107.7
] 146.8 151.5 151.7 146.5 151.7 150.5 150.2 146.7
7 137.3 140.1 1404 137.0 140.3 131.2 130.9 137.2
8 138.5 145.9 144 8 138.5 145.0 144.4 144.0 137.9
8a 124.04 1242 124.2 124.3 124.1 124.3 123.7 125.4
a 39.5 38.9 39.4 - 39.5 39.2 39.3 38.7 40.1
9 133.2 133.9 133.4 134.1 140.5 134.0 140.1 132.6
10 120.2 122.1 120.7 121.4 121.8 122.5 121.5 121.0
11 142.8¢ 143.9 143.1 143.6 146.5 144.2 146.4 143.1
12 145.9 148.9 146.1 148.8 139.9 149.2 139.9 145.9
13 115.2 111.7 115.2 112.8 122.4 112.0 122.2 115.4
14 125.8 125.0 126.3 124.6 125.2 125.4 124.9 125.7
1 64.7 64.9 65.2 647 64.6 65.1 64.8 64.4
3 44.6 45.6 45.4 45.0 45.0 45.7 45.4 46.5
& 24.1 95,2 24.9 24.4 24.6 25.2 25.2 95.2
4z’ 128.4 126.5 128.4 126.5 127.1 126.5 127.7 128.6
B 112.0 1121 112.0 111.9 112.2 1124 112.0 111.9
6 148.2 147.8 148.4 148.3 148.3 1481 147.9 148.0
7 143.5¢ 143.2 143.5 143.3 143.2 143.3 142.8 1431
g 119.5 116.2 119.3 117.2 117.7 116.3 117.4 117.9
8a* 128.4 127.9 128.3 127.5 127.2 127.2 128.0 128.1
o 39.5 304 39.7 29.5 40.1 39.6 39.9 39.0
'y 131.5 131.5 131.3 131.5 131.2 132.7 132.3 131.7
10 131.3 151.9 132.0 131.5 131.9 132.0 131.7 132.2
11 114.7 114.7 115.2 114.3 114.8 115.0 114.6 113.2
12 155.2 155.2 155.6 155.0 155.4 154.7 154.4 155.4
13 113.1 112.9 113.0 113.5 113.2 113.6 113.6 114.9
14 120.2 129.0 129.6 129.3 129.3 129.3 129.0 129.9
NMe 41.3, 41.3, 42.1 41.5, 41.8 41.4, 41.4, 41 4 41.5, 411, 42,2,
41.3 41.8 42.1 41.9 42.5
OMe 55.7, 55.7, 55.7, 55.8, 55.8, 56.0, 55.1, 55.7, 55.9, 55.5, 55.8,
55.7 60.8 {C-7) 61.0 (C-7} 56.0, 60.9(C-T) 55.9, 55.5 56.0
56.0 55.9
C=0 168.3 168.2 167.7,
168.1
s} 20.3 20.1 19.6,
20.0
CCH,

@ The spectra were obtained in CDC, solutions. Chemical shifts are expressed an the Me,Si scale according to the fol-
lowing equation 5 M¢St = 5CDCly 4 769 ppm. ? Some drops of MeOH were added for better solution, ©9 Signals within
vertical column may be reversed,

Table II. *H NMR Data for Bebeerine (1) and Relative Alkaloids®?

chemical shift, ppm

compd OMe NMe H-5 H-5 H-8 H-10' H-13' H-14'

1 3.97 (s) 2.55 (s), 6.75 (s5) 6.61 6.04 6.66 (4, 6.87 (g, 7.03 (dd,
2.35 (s) J=2.0) J = 8.3) J=2.0,8.3)

2 3.93, 3.91, 2.56,2.34  6.77 6.64 5.59 6.62(d,  6.87(d, 7.23 (dd,
3.76, 3,74 J=20) J=83) J=20 83)

3 8.95,3.92, 2.60,2.32  6.77 6.64 6.00 6.71 (d, 6.88 (4, 7.03 (dd,
3,80 J = 2.0) J=8.3) J =240, 8.3)

4 3.92, 3.90 2.51,2.34  6.74 6.60 5.60 6.54 (d, 6.86 (d, 7.28 (dd,
3.74 J=20) J=83) J=20,8.3)

5 2.85, 3.82 2.52,2,30  6.53 6.63 5.60 6.58(d, 6.91 (d, 7.18(dd,
3.70 J=20) J = 8.5) J= 2.0, 8.5)

6 8.90, 3.85, 2.55, 2.30 6.70 6.7 5.50 6.60 (d, 6.78 (d, 7.15(dd,
3.70 J=20) J = 8.5) J=20,8,5)

7 8.83 2.30,2.51  6.58 6.61 5.58 overlap 6.91 (d, 7.13(dd,
J=8.3) J=2.0,8.3)

@ The spectra were obtained in CDCI, solutions. The J values are given in hertz. ¥ OAcgroup: 5, 2.12 ppm; 6, 2.07
ppm; 7, 2.06 and 211 ppm.

at the y-position is completely free of its steric effect, mation obtained with I, was carried out. Comparison of
showing an even more deshielded signal than C-4’ of 1, both sites of chemical shifts reveals that all carbons have
supporting the above arguments. very similar values. For a conformational anslysis we fo-

At this point, the analysis of the diastereoisomeric al- cused our attention on C-3" and C-8 which are slightly

kaloid chondrocurine (8), greatly facilitated by the infor- deshielded and shielded, respectively, in 8.
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Accepting that in both diasterecisomers ring B adopts
the same predominant half-chair conformation, one can
see that C-o would be pseudoaxial in bebeerine (1) and
pseudoequatorial in chondrocurine (8). The latter situa-
tions releases, at least partially, the C-o//C-3 interaction
and increases at the same time that of C-o//C-8'.

Quaternary bis(benzyliséquinoline) alkaloids are widely
distributed in nature, and the oniuta function is supposed
to play an important role in their pharmacological activ-
ities. In connection with problems of structure determi-
nation of compounds like (+)-tubocurarine chloride (13},

13. R =R, =R, =HE =M X =¢l (a,b=R,S)

T T 2 !

lﬂ. R1=R2“R3=RQ“ME;X=I {a,b = R,5}
15. B =R =HER, =R =Me; X =1 (a0 = RB)
16. Rl = RZ - R:3 =R, = Me; X = 1“ (a,b = R,R)
. R =R, =Ry =R, =H;X=Cl {a,b = R,B)

Notes

a monoguaternary salt that was long thought a diquater-
nary salt,3? two diastereoisomeric series of bis(benzyliso-
quinoline) N-metho salts were analyzed, and the BC NMR
data are listed in Table IIL

The transformation of the tertiary alkaloids into their
corresponding N-metho salts affects all N vicinal carbons,
and the observed chemical shifts can be interpreted as a
net balance between electronic and steric effects. On the
basis of the above arguments, it could be accepted that the
second N-Me group (going from 1 to 15) will be pseudo-
axial in ring B’ of 15, while the observed shielding at C-4’
is the result of a v interaction between them {shielding}
and the deshielding due to the guaternarization of the
nitrogen. On the other hand, the absence of a net shielding
effect (Ad,.;5 = 2.00 ppm) at C-4 suggests that the second
N-Me group is introduced at the pseudoequatorial position.

In an attempt to differentiate both diasterecisomeric
series of the curine class of bis(benzylisoquinoline) alka-
loids a comparison of the 0,0/-dimethyibebeerine and
0,0-dimethylchondrocurine N-metho salts (16 and 14) was
carried out, and here again the differences in chemical
shifts between both compounds are not significant.

Pinally, the analysis of (+)-tubocurarine chloride (13),
focused on the N-neighboring sp? carbons, was also carried
out. Of the signals attributable to N-Me groups (C-1and
C-1’, C-3 and C-3"), those at 51.3 and 54.5 ppm together
with the ones at 68.7 and 54.5 ppm were assigned to the
N-Me groups and to C-1 and C-3, respectively, of ring B,
on the basis of the known effects produced by the trans-
formation of a tertiary base into the corresponding qua-
ternary salt® (1 — 15,2 — 15,9 — 18). The remaining
signals at 40.5, 65.1, and 45.9 ppm that were assigned {o
the N-Me, C-1, and C-3, respectively, of ring B’ show that
the transformation of a tertiary base into its hydrochloride
produces practically no changes on the neighboring car-
bons. These observations were supported by a comparative
analysis of bebeerine (1) and its corresponding hydro-
chloride 17, confirming that the N at ring B’ is in facta
hydrochloride as was previously shown.%?

Experimental Section

The *C NMR spectra were obtained in a 10-mm spinning tube
frorn sclutions of approximately 0.5 mmol of compound in 1 mk
of solvent. The instrument employed was a Varian X1-100 NMR
spectrometer operating at 25.2 MHz and interfaced with a Varian
620-1, Fourier transform computer with a 16K memory. The
chemical shifts (£0.05 ppm) were measured at a 5-kHz spectral
width, with an acquisition time of 0.8 5 and a 15-ps pulse width,
by using an internal deuterium lock.

Inversion recovery spectra were measured by using the usual
{r—r1-7m/2~T), formula with 7 = 0.3 and T = 20 s. Off-res-
onance decoupled spectra were collected by setting the decoupler
frequency a few parts per million cutside the normal absorption
range at a high power level. For specific H-8 decoupling the
decoupler was set at the H-8 resonance frequency.

Proton magnetic rescnance spectra were recorded on a Varian
X1 100 spectrometer in the frequency sweep mode.

We are indebted to Dr. R. A. Seba (Instituto Vital Brazil) and
Professor O. Vital Brazil, Dr. U. F. Meirelles (Departamento de
Farmacologia, UNICAMP), Antonio Lapa (Escola Paulista de
Medicina), and Dr. L. Ralph C. Bick (University of Tasmania)
for providing generous samples of the following alkaloids: (B,
E)-bebeerine (1) (=(R,R)-curine), {+)-tubocurarine chloride (13),
and chondrocurine (8).

The following compounds were prepared by standard proce-
dures and gave satisfactory spectral and physical data: (R,R})-

(8) Everett, A. J.; Lowe, L. A; Wilkinson, 8. J. Chem. Soe., Chem.
Commun. 1970, 1020,

{9) Codding, P. W.; James, M. N. G. J. Chem. Sac., Chem. Commun.
1972, 1174,
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Table III, *C NMR Data for Bebeerine N-Metho Salt 15 and Related Alkaloids®

chemical shift, ppm

carbons 13 14 15 . 16 11 18
1 68.7 68.5 65.9 66.5 61.9 69.2
3 54.5 54.7 55.0 55.3 45.0 54.3
4 23.6 23.6 23.6 24.3 211 23.8
4a 1201 125.4 120.4 125.6 120.0 121.2
5 108.7 108.7 108.8 110.3 107.9 109.8
6 149.6 154.3 149.0 154.4 148.9 1498
7 138.8 1404 137.6 140.4 137.7 1375
8 137.4 143.8 138.2 144.9 138.2 138.6
8a 1198 i19.9 119.9 121.2 120.0 119.2
& 38.6 39.7 36.8 37.4 40.2 37.7
9 129.0 130.8 129.1 130.2 128.0 127.4
10 1240 123.6 "123.3 124.0 120.0 129.8
11 142.4 142.5 142.0 143.0 142.1 118.2
12 148.8 14G9.2 147.7 149 4 147.7 154.6
13 116.7 114.5 1171 114.1 116.56 114.9
14 127.4 127.8 123.9 124.6 126.0 129.4
1’ 65.1 72.7 72.5 73.4 64.7 69.2
3 45,9 54.2 85,0 bbb 44 4 h4.3
4 226 23.6 23.6 24.3 21.1 23.8
44’ 124.4 123.2 123.1 123.6 123.5 121.2
b 112.3 112.9 113.0 113.7 112.3 109.8
&' - 150.3 150.9 1499 1514 149.2 149.8
T 146.4 ] 146.0 145.2 1454 144.2 1376
8 1184 116.7 117.1 117.9 116.8 1386
8a' 121.0 121.3 1227 123.1 121.9 119.2
o 40.0 37.0 | 38.0 38.8 39.7 37.7
9’ 129.9 129.5 1258.6 1297 127.3 127.4
10’ 134.0 134.1 131.6 132.3 131.9 129.8
11’ 115.3 114.5 115.5 115.5 114.3 118.2
12 156.4 156.5 155.7 156.6 . 1565.1 1b64.6
13 113.1 112.9 113.0 113.7 113.7 114.9
14 130.8 131.2 129.9 130.9 130.1 129.4
*NMe 40,5 (N"), 51.0, 51.2, 51.1, 51.1, 51.4, 51.6, 404,404 51.8, 51.8,

51.3 (N), 52.9, 54.7 52.4, 52.9 52.8, 53.5 53.0, 53.0
54,5 (N)
OMe 56.4, 56.4 56.1, 56.5, 56.4, 56.7 56.7, 56.9, 55.9, 55.9 57.0, 57.0
56.5, 60.7 57.3,61.4

© The spectra were obtained in (a) I,0-MeOH for 13, 14, and 16, {(b) D,0=Me,80 for 18 and 19, and (¢) CDC} ~MeQH
for 15 and 17. The chemical shifts are expressed on the Me,Si scale according to the following equations: §MesSi = g MeOH

+ 49.3 ppm, 6 MesSi= 5 Me:80 4 40,4 ppm, and 6 M&Si= CPCLy 4 76,9 ppm for systems a-c, respectively.

0,0-dimethylbebeerine (2),1° (#,1)-12-0-methylbebeerine (4),1°
(R,R}-7-O-acetyl-12-0-methylbebeerine (§),"® (R,5)-0,0-di-
methylchondrocurarine iodide (14),) (R,R)-N,N-dimethyl-
bebeerine iodide (15),12 (R,R)-N.N'.0,0-tetramethylbebeerine
iodide {16),'% bebeerine hydrochioride (17,2 N,N-dimethyliso-
chondrodendrine iodide (18).12

For better solution all iedide ions were exchanged by chloride
by using freshly prepared silver chloride.!?

{R,R)-7-0-Methyibeheerine (3) was obtained as follows. Mo-
nomethylation of 1 was carried out with CH,N, by using a
standard procedure,” yielding 3: mp 119.2-124.0 °C; [a]%p ~249
(¢ 0.10, CHCL)); mass spectrum, m /e (relative intensity) 608 (M?,
10}, 204 (14), 192 (88), 190 (46), 158 (100); H! NMR {CDCly), see
Table IT; #C NMR, see Table | Cy;H 405N, requires m /e 608.2586,
found m/e 608.2897 (M™).

Acetates 5 and 7 were prepared by standard methods, For
(R,R)-12-0-acetyl-7-O-methylbebeerine (5); mp 95.7-99.0 °C;
[2]®5 -318 {c 0.12, CHCly); mass spectrum, m/e {relative intensity)
650 (M*, 73), 340 (100), 312 (90); H' NMR (CDCly), see Table
I; C NMR, see Table I CygH;,0,N, requires m/e 650.2642, found
mje 650.3020 (M*). For (R,R)-0,0-diacetylbebeerine (7); mp
135.1-136.4 °C; [o]®y ~242 (¢ 0.12, CHCly); mass spectrum, m/e
(relative intensity) 878 (M, 22), 340 {100); H! NMR (CDCly), see

Table IT; *C NMR, see Table I; C,oH,05N; requires m/e 678.2041,
found m/e 678.2832 (M*).
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(12) Dutche, J. D. J. Am. Chem. Soe. 1946, 68, 419.

(13} Hultin, E. Acte Chem. Scand. 1961, 15, 1130 and references cited
therein.
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The conformation of macrocyclic compounds are a
challenge which has normally been solved by using X-ray
erystallography. On the basis of previous works on bis-
{(benzylisoquinoline) alkaloids!™ and conscious that 'H and
13C NMR data are reliable tools for conformational
analysis, we decided to carry out a careful analysis of the
18-membered macrocyclic alkaloids of the dapnoline-re-
pandine class in order to contribute to the determination
of related unknown compounds as well as to stimulate
similar studies on other macrocyclic compounds.

The 13C NMR shifts for daphnoline and some of its
derivatives (I—4) are listed in Table I. Assignments for

{1} ReR'=R":H, 1'= R
(2) R=R"=H,R'Me, 1z B
(3) R=R'sH,R"=Me, 1'=R
{4) R=R"=Me R'=H, 1'= R
(5) R=R'=Me,R"=H, 1'= S
(6) R=R':R"sMe, 1'=S
(13) R=R'<R"sMe,  1'= R

two alkaloids which belong to a diastereomeric series, re-
pandine (5) and U-methylrepandine (6), are also listed.
The values have been derived from standard chemical shift

theory and from a study of the SFORD and the fully
coupled 1¥C NMR spectra. We have also taken into ac-
count analyses which have been reported previously for
various mono-! and bis(benzylisoguinoline)'®? alkaloids.
It has been possible to resclve most of the uncertainties
in assignment by selective heteronuclear irradiations and
by a consideration of the known effects of O- and N-al-
kylation.

In the case of moncbenzylisoquinoline alkaloids, it is
known from *H NMR data® that a hase such as N,0,0-
trimethyleoclaurine (7) preferentially adopts a folded
conformation in solution, but if a substituent such as
methoxyl is inserted at C-8 as in 8, an extended confor-
mation is preferred.

MeO
(8} try

These facts can only be used for the bis(benzyliso-
quinoline) conformational analysis, taking into consider-
ation that new steric interactions arise when the macro-
cycle is formed by the coupling of two benzylisogquinoline

(1) {8) Wenkert, E.; Buckwalter, B. L.; Burffit, I. R.; Gasié, M. J;
Gottlieb, H. E.; Hagaman, E. W.; Schell, F. M.; Wovkulich, P. M. In
“Topics in Carbon-13 NMR Spectroscopy™; Levy, G. C., Ed.; Wiley-In-
terscience: New York, 1976, p 105. (b) Marsaioli, A. 4.; Riveda, E. A;
Reis, F. de A, M, Phytochemistry 1978, 17, 1655.

(2) {a) Koike, L..; Marsaioli, A. J.; Riveda, E. A.; Reis, F. de A. M.;
Bick, 1. R. C. Tetrahedron Lett. 1979, 3765. (b) Koike, L.; Marsaioli, A.
J.; Reis, F. de A, M. J. Org. Chem. 1981, 46, 2385.

(3} {a) Tomita, M.; Shingu, T.; Fujitani, K.; Furukawa, H. Chem.
Pharm. Bull. 1965, 13, 921. {b) Dalton, D. R.; Cava, M. P.; Buck, K. T.
Tetrahedron Lett. 1965, 2687, :

0022-3263/82/1947-4291801.25/0 © 1982 American Chemical Society
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Table I¢
chemical shift, ppm
carbons 1 2 3 4 5 6

1 60.8 60.9 £1.3 81.5 59.7 60.5
8 44.6 450 45.3 45.3 43,8 44.4
4 23.6 244 248 252 25.8  26.4
4a 121.9 1229 1228 127.5 127.0 127.6
5 104.5 104.7 3104.7 105.7 106.5 106.8
6 147.9 146.7 147.0 151.3 151.2 151.9
7 . 133.6 133.4 133.6 137.5 136.0 136.0
8 141.2 141.3 141.7 147.9 148.3 148.5
8a 121.9 1227 123.4 122.7% 1211 1219
« 39.9 40.0 39.8 39.8 40.7 406
9 130,2 130.6 130.9 130.7 132.3 133.9

10 127.7 128.6 127.9 127.6 129.9 129.9
11 121.7 121.4 121.9 122.3% 120.1 120.3
12 151.6 152.6 151.9 151.6 1550 1554
13 120.4 120.5 120.8 120.8 121.6 121.7
14 180.9 131.3 131.0 131.1 131.4 131.4
1 547 64.3 550 54.8 65.4 65.5
3 38.5 43.6 39.3 389 46.1 46.6
4 29.0 28.4 29.9 296 22,5 23.2
4a’' 128.0 128.7 1291 128.2 130.9 131.1
5 111.8 1112 112.2 1117 1121 1125
&' 148.3 148.2 148,5 148.3 148.9 149.0
7 144.0 143.3 1441 144.7 144.2 144.5
g 116.3 117.3 116.4 115.7° 119.8 120.3
Ba' 127.2 124.3 127.9 127.9 127.2 127.6
o 42.0 383 426 428 43.8 43.6
o 138.7 138.6 139.3 189.3 137.5 137.9
10 115.8 116.8 116.2 1159° 119.4 120.3
13 144.0 143.7 146.2 147.0 146.5 148.5%
12 146.9 146.0 140.5 149.5 1459 148.6°
13’ 114.7 114.2 110,89 110.8 116.7 113.3
14 123.2 1246 123.0 123.0 123.7 1234
NCH, 41.8 41.8 419 41.3 41.8 416
N'-CH, 41.8 41.1 42.2
OCH, 559 553 56.1 5569 54.9 56.3

55,0 56.1 552 54.8 55.4 557
C7-OCH, 60.3 59.4 59.7

¢ The specira were obtained in CDCI, solutions,
Chemical shifts are expressed on the Me,Si scale according
to the following equation: &(Me Si)= §(CDCL,) + 76.9
ppm, %% Signals within a vertical column may be
reversed.

units. In bis(benzylisoquinoline) alkaloids of the tet-
randrine (9) series, one of the coclaurine units is substi-

#

' (9) 1
(10) 1

H

tuted at position 8 while the other is not, and here too the
coclaurine residues adopt extended and folded conforma-
tions, regpectively.®4% This appears to be broadly true
also in the enantiomeric isotetrandrine (10) series,? as well

(4} Gilmore, C. J;; Bryan, R. F.; Kupchan, 8. M. J. Am. Chem. Soc.
1978, 98, 1947,

(5) (a) Bick, 1, R. C,; Harley-Mason, J.; Sheppard, N.; Vernengo, M.
J. J. Chem. Soe. 1961, 1896. (b} Monograph [on bis(benzylisoquinoline}
alkaloids, in Japanese} commemorating the retirement of Professor Ma-
sao Tomita: Ageo, 8., Ed.; Tomita Memorial Committee, Kyoto Univ-
ersity Faculty of Pharmacy, Kyoto, Japan, 1967, p 44.

Notes

as for the curine class,? although in some cases molecular
crowding may result in the distinction between fully folded
and fully extended conformations being less sharp.

The observation that O-7-methylation of daphnandrine
(3; 3 to 4) affects in & predicted wayv'? the shifts of carbons
belonging to ring A, while the remaining carbons show little
or no effect, has led us to compare carbon shifts for rings
AA’, BR', and CC’ of N-methyldaphnoline (2) and repan-
dine (5) in order to detect different conformational aspects
in thege two diastereomeric compounds.

The methylenes and methine Ads for 2 and 5 appear to
be due to stereochemical and conformational effects as-
sociated with the B and B’ rings. A half-chair conforma-
tion with an equatorial N-methyl group must be assigned
to B’ of 2 to account for the virtual absence of a y-gauche
effect at C-4’ (5 28.4) as compared to the corresponding
carbons of daphnoline {1, 5 23.0). On the other hand. C-o’
is considerably shielded in N-methyldaphnoline (2, § 38.3)
as compared to that in daphnoline (1, § 42.0), and pseu-
doaxial conformation cis to the methylimine group is thus
to be attributed to the benzy! substituent {see structure

I).  This in turn produces in the case of N-methyl-
Me — N

:
e

daphneline (2) a distinet shielding at C-3° (3 43.6) as
compared to C-3 (6 45.0), and the latter value suggests that
the benzyl group is substituted pseudoequatorially at C-1
{structure II}.

In the diastereomeric repandine (3) series, ring B carbon
shifte show little difference as compared to those in 2,
suggesting that ring B has the same conformation in both
the repandine and daphnoline series. There are, however,
differences between the two series in the signals associated
with ring B’; thus C-4 is considerably shielded in repan-
dine (3, 5 22.5), which indicates an axial conformation for
the N’methyl group. On the other hand, C-3' is not
shielded (8§ 46.1), suggesting that C-o’ is substituted
pseudoequatorially at C-1’ and cis to the methylimino
group (structure II).

From the experimental data on bis(benzylisoquinoline)
alkaloids'®? 21.4 and 28.4 ppm (for C-4 and C-4) are, so
far, the extreme values observed when the N-methyl group
is axial and equatorial, respectively. The intermediate
values more frequently observed for C-4 and C-4/ are in-
dicative of the ratio between different conformations
bearing axial and equatorial N-methy} groups.

Comparison between sp? carbon resonances in the
daphnoline and repandine series discloses some interesting
features concerning the diphenyl ether moieties. The
deshieldings of C-9 (A6 1.7) and C-12 (A$ 2.4) in 5 as
compared to the same sites in 2, which are ipso and para
to the ring C ether linkage, are most probably attributable
to a modification in electron conjugation with the phenyl
moieties. These facts are consistent with a deshielding of
2.9 ppm for C-4 in 2,6-dimethylphenyl phenyl ether (11)
in comparison to a similar site in diphenyl ether (12), which
is caused by an average interplanar angle modification
from 33° (in 12) to 67° (in 11).%

O
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The above observation has led us to propose that
analogous conformational changes occur with respect to
rings C and C’ of 2 (18,1'R) and 5 {18,1’S).

Dreiding model analysis of 2 and 5 reveals that the A
and A’ diphenyl ether moieties also suffer conformational
changes in these two diastereomeric compounds. The fact
that C-5 and C-4a’ (para to ether linkages) resonate at
lower fields in 5 than in 2 indicates the occurrence of wider
interplanar angles between A and A’ in the repandine
series.

The lack of *C NMR data for obaberine (13), which
would be comparable to O-methylrepandine (6), was com-
pensated for by 'H NMR spectroscopic observations. The
6'- and 7-methoxy groups of 13 resonate at § 3.63 and 3.20,
while those of 6 resonate at § 3.42 and 3.03, respectively.”
Molecular models of these two diastereomeric compounds,
together with *H NMR spectroscopy observations, reveal
that the planes of rings A and A’ are tilted at an angle of
about 70° to one another in 13. As a result, the protons
of the 7-methoxyl groups are brought above the shielding
zone of ring A’, but the &-methoxy group remains outside
the shielding zone of A. On the other hand, in compound
6 the larger interplanar angle between A and A’ brings both
the 7-'and 6’-methoxyl groups above the aromatic shielding
ZONes.

The chemical shifts of the H-8' protons further confirm
the angular modifications in both AA’ and CC’ ether
linkages which occur in the 15,1’R and 15,1’S series. In
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obaberine (13), H-8 appears at an abnormally high field
(8 5.48)" as a consequence of the anisotropic shielding of
rings C and C’, while H-8& of 6 lies in the shielding zone
of ring C and deshielding zone, of C’; these two effects
evidently cancel each other out, and the proton resonates
further downfield (5 6.38).

From the foregoing considerations, it is suggested that
none of the benzylisoquinoline moieties in this series ac-
quires a fully folded conformation in solution. This results
in less flexible molecules, and the difference in absclute
configuration at C-1’ for the repandine series causes an
increase in the interplanar angles between rings AA’ and
CC’ as compared to those for the daphnoline series. It
would appear from this and previous conformational
studies? that in order to acquire a folded conformation. the
coclaurine units of a bis(benzylisoquinoline) must be un-
substituted at C-8, and their benzyl groups should have
a para diphenyl ether link. These conditions do not occur
in the daphnoline-repandine series, so that the extended
conformation prevails,

Experimental Section

The 3C NMR spectra were obtained in a 10-mm spinning tube
from solutions of approximately 0.5 mmol of compound in 1 mL
of sclvent. The instrument employed was Varian XL-100 NMR.
spectrometer operating at 25.2 MHz and interfaced with a Varian
620-L Fourier transform computer with a 16K memory. The
chemical shifts (£0.05 ppm) were measured at a 5-kHz spectral
width, with an acquisition time of 0.8 s and a 15-us pulse width,
by using an internal deuterium lock.

Registry No. 1, 479-36-7; 2, 519-53-9; 3, 1183-76-2; 4, 24306-66-9;
5, 518-92-3; 6, 4021-17-4,

(6) Buchanan, G. W.; Montaudo, G.; Finocchiaro, P. Can. J. Chem.
1574, 52, 767.
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Summary: An analysis of the C NMR spectra of bisbenzylisoquinoline alkaloids of the berbamine

type shows the dependence of spectroscopic properties on preferred conformation.

Apart from the interesting pharmacological activity shown by some membersz, the bisbenzyl-

isoquinoline alkaloids form a particularly attractive group for studying the interrelationship
between preferred conformation and spectroscopic properties, as a result of the rather inflexible
rings possessed by the majority of these bases. In continuation of pur project on isoquinoline

3.4 33C NMR

alkaloids™’', we have accordingly selected the berbamine class for an exhaustive
spectroscopic analysis. A correlation of the spectra of phaeanthine'lg, tenuipine 1b,
nortenuipire lc, O-acetylnortenuipine le, berbamine 1d, and G-acetylberbamine 1f has allowed an
assignment of chemical shift to be made for each carbon in these bases (Table). The assignments
were facilitated by comparisons with model compounds, by consideration of the known effects of
electron-withdrawing groups (phenyl and acetyl) in a benzene rings, and of the multiplicity of the
signals in the coupled spectra. '

The values for the sp3 carbon shifts which result from this analysis are of particular
interest. The methylene and methine shifts in the case of la can be divided into two groups:
- those with signals at 25.3, 38.3, 45.3 and 63.9 ppm {ring B') and those at 22.1, 41.9, 44.1 and
61.4 ppm (ring B). The first group can be attributed to C-4%, C-a', €-3' and C-1° respectively,
which show slight shielding as compared to corresponding values for a monobenzyltetrahydro~
isoquinoline aika]oid3’8. It is assumed in these assignments that rings A', B' and C' have a
folded conformation closely analogous to that of a monomeric N-methylbenzylisoquincline aika]oidﬁ,
in which ring B’ adopts a half-chair form with the N-methyl group pseudvequatorial, as established
for the solid phase by X-ray crystallographic ana]ysis2 of the enantiomeric alkaloid tetrandrine

1g9: that this conformation is largely maintained in solution is suggested by its properties and
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TABLE
la 167 Ic

c-1 61.4 61.4 61.5
c-3 4.1 44,0 44.0
c-4 22,1 22.0 21.7
C-4a 128.0+ 127.5+ 123.0¢
C-5 105.8 105.6 104.7+
C-6 151.2 151.2 145.6
C-7 137.9 136.5 134.3
c-8 148.2 148.3 141.6
C-8a 123.0 122.4 123.0¢
C-a 41.9 42,2 42.2
c-9 134.9 136.4 136.5
c-10 116.2 113.3 110.3
¢-11 146.9 143.1 143.1
c-12 149.3 133.4 133.3
c-13 11.6 148.1 148.2
c-14 122.6 104.5 104.5¢
c-1" 63.9 63.7 63.5
c-3" 45.3 45.0 45.0
c-4' 25.3 24.8 25.2
C-4a’ 128.7¢ - 127.9+ 128.21
c-5 n2.7 2.5 112.8
C-6' 148.5 148.5 148.6
c-7" 143.7 143.6 143.3
c-8 120.0 120.0 120.4
C-8a’ 127.8+ 127.2+ 127.71
C-a' 38.3 38.2 37.5
c-9' 134.9 1349 135.1
C-10'  129.9¢ 129.9¢ 129,95
c-11* 121.7 121.5 121.4
c-12* 153.6 153.3 153.1
c-13' 121.7 121.5 121.4
c-14* 132.4¢ 132.4¢ 132.3s
NMe 42.3% 42.0 42.2
NMe' 42.69 42.0 42.2
OMe 55.8 55.5 56.0 -

56.1 56.5 56.0
OMe(C-7)  60.1 60.0

OCH,0 161.2 101.2

62.0
44,
23.
129.
105.
151,
136.
147.
120.
37.
134.0

115.3
143.8
147.3
114.6
123.5

— ] LD N P DD L

(23]

63.4
45.2
24.8
127.9
1.3
149.9
143.4
119.7
126.3
38.2
134.6
13¢.0
121.2
153.9
121.4
132.0%
42.6¢
42.0¢
55.7
55.7
60.3
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105.
149.
130.
147.
122.

42.
136.
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143.
133.
148.
104.

64.

45,

24,
128.
112.
148.
142.
120.
127.

39.
134.
130.
121.
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153.4
121.6

132,
42.
1z.
55.
55.

101.

4+
2g
1e
9
7
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62.0
44.8
23.8
127.1
105.4
151.7
137.8
147.6
120.3
7.6
137.8

116.9

151.4
141.5
121.2
123.3
63.7
45.9
25.5
128.5
1.0
149.7
143.3
119.6
126.8
38.1
135.2
130,71+
i21.9
153.9

“121.7

132.1+
42.7
42,7
55,7
55.5
60.4
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{TABLE continued)

The spectra were recorded in the Fourier transform mode on a VYarian XL-100-15 spectrometer at
25.2 HHz in CDC13 solution. The § values are in ppm downfield from THS. w: some methanol
was added for better solution of the compound. +,£,1,.5: signals within the vertical columns
may be reversed. & COCHy and COCH, for Je: 167.5 and 19.7; for 1f: 169.0 and 20.8
respectively.

Ja, R=R' = OMe; R'' = H (R,R) le, R = -0CMe; R' = R'' = -OCH)0- (5,5
b, R = OMe; R* = R'' = -0CH,0- (5,5) : 0 0

Jc, R = OH;  R' = R'* = -0CH,0- (5,5) 1f, R = OMe; R' = -0CMe; R'' = H (R,5)
1d, R = OMe; R' = OH; R'' =H (&,5) 1g, R=R' = OMes R'' = H {5,5)

reactions’. An extended conformation is attributed to rings A,B and C of 1a with ring B in a
haif-chair form, as for ig; the N-methyl group and C-a are assigned pseudeaxial conformations,
which produces a difference in shift of the methylene carbons asseciated with ring B as compared
to those of B'. This is reflected in the shislding experienced by C-4, which now has a y-gauche
relationship to the N-methyl group; C-3 shows only slight shielding, whereas C-¢ is considerably
deshielded. The shielding observed on C-1 is attributed to the y-effect of the oxygenated
function at C-8. The two N-methyl carbons are practically equivalent (42.3 and 42.6 ppm), and
the methoxyl carbon signals appear at normal field (ca. 56 ppm}, except for that attached to C-7,
which being sterically hindered, resonates at 60 ppm. In Fhe }H NMR spectrum of la, however, the
N-2 methyl group and the methoxyls at both C-7 and C-&' are clearly shie]ded7, showing the higher
sensitivity of proton shifts to anisotropic effects.

3

The shifts of the sp” carbons of tenuipine 1b, nortenuipine ic, and its acetyl derivative le

are in good agreement with those in corresponding positions in la. These bases belong to an

*
enantiomeric series to la, and the main structural difference consists in replacement of the

methoxyl in ring C by a methylenedioxy group; the carbon of the latter resonates at normal field
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{101.2 ppm}. In berbamine 1d, which belongs to a diastereomeric series, the methoxyl and

methylimino carbons show shifts corresponding to those for la. As far as the methylene and

methine carbons are concerned, signals at 24.8, 45.2 and 63.4 ppm were assigned to C-4', C-3' and

€-1* respectively, and those at 23.9, 44.7 and 62.0 ppm to €-4, €-3 and C-1. It is apparent

3

that sp” carbons in equivalent positions in the two benzylisoquinoiine moieties give signals

much closer together than in the case of la-lc; for C-a and C~a' of 1d, the signals are very

1 similar {37.5 and 38.2 ppm), whereas in the case of la, 46 for C-o and C-a’ amounts to 3.6 ppm, i
while for 1b with a methylenedioxy group in ring C, the difference is even greater (4.0 ppm); g
similarly, 48 for C-4 and C-4' of 1d is 0.9 ppm as compared to 3.2 ppm for la. These data

suggest that there is less steric crowding in the R, than in the K,k or 5,5 series, an inference

which is supported by the difference in shift of the C-6' methoxy groups {ca. 3.6 and 3.2 ppm)

in their respective ]H NMR snectray. Tt would appear, moreover,that the distinction shown in

the B2 and 5,5 series between the completely extended and completely folded conformations of

the two coclaurine units is less sharp in the R,S series.

It is evident that the chemical shifts of the benzylic methylene carbons in these types of
bisbenzylisoquinaline alkaloids are especially sensitive to the configurations at the chiral
centres, and together with the 1H NMR data, could be of diégnostic value in distinguishing

alkaloids of different stereochemistry.
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