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B i o s y n t h e t i c  e x p e r i m e n t s  w i t h  V i n c a  r o s e a  L .  p l a n t s  e m p l o y i n g

r a d i o a c t i v e l y  l a b e l l e d  f o r m s  o f  s e c o d i n e  ( I )  r e v e a l  t h a t  t h i s

substance is incorporated intact during the biosynthesis of catharanthine (II).

These  resu l t s  p rov ide  some in fo rmat ion  abou t  the

l a t e r  s t a g e s  o f  b i o s y n t h e s i s  o f  t h i s  a l k a l o i d .

A cons iderab le  body of  data  i s  now a v a i l a b l e  on the  e a r l i e r  stages o f  Iboga 

a l k a l o i d  b iosyn thes is  b u t  exper imental  r e s u l t s  on many aspects o f  t h e  l a t e r  

stages of t h e  pathway a re  s t i l l  . I t  i s  g e n e r a l l y  accepted t h a t  the  

s t r u c t u r a l  template f o r  the  b io - in te rmed ia te  which i s  impor tant  i n  these l a t e  

phases i s  o f  t h e  secodine type ( I )  and t h a t  a  h igher  o x i d i z e d  form o f  secodine, .- , 
namely dehydrosecodine ( I ,  3,14-double bond) i s  p r e s e n t l y  t h e  bes t  representa- 

t i v e  o f  t h i s  c lass .  Eva luat ion o f  the  poss ib le  r o l e  o f  these systems i s  

compl icated by t h e  h igh  i n s t a b i l i t y  assoc ia ted w i t h  them, secodine be ing 

s t a b l e  f o r  o n l y  a  few hours, and dehydrosecodine, as y e t  an unknown compound, 

i s  expected t o  be h i g h l y  unstable.  Previous i n v e s t i g a t i o n s  i n  our l a b ~ r a t o r y ' ' ~ - ~  

have prov ided some r e s u l t s  on t h e  r o l e  o f  secodine i n  t h e  Aspidosperma and 



Hunte r ia  f a m i l i e s  and we now wish t o  r e p o r t  t h e  f i r s t  se r i es  of i n v e s t i g a t i o n s  

which reveal  t he  r o l e  o f  t h i s  in te rmed ia te  i n  t he  Iboga a l ka l o i ds .  
3 

I n  o rder  t o  mainta in  cons is tency w i t h  prev ious , Vinca ' rosea L. 

was t h e  p l a n t  employed and catharanth ine ( I I ) ,  one o f  t h e  major a l ka l o i ds ,  

was i s o l a t e d  as t h e  represen ta t i ve  o f  t h e  Iboga ser ies .  Un fo r tuna te ly ,  apa r t  

from t h e  i n s t a b i l i t y  o f  t he  secodine system, t he  present  s t ud i es  were f u r t h e r  

compl icated by t he  f r u s t r a t i n g l y  low incorpora t ions  i n t o  t he  ca tharan th ine  

molecule. I n  s p i t e  o f  numerous attempts t o  overcome t h i s  problem we have 

been unable t o  demonstrate t he  l e v e l  o f  i n co rpo ra t i on  shown i n  v indo l ine ,  t he  

Aspidosperma a l k a l o i d  p rev i ous l y  s tud ied  i n  t h i s  same p l a n t  system. 1 , 6  

To determine optimum cond i t i ons  f o r  t he  i nco rpo ra t i on  s tud ies ,  a se r i es  o f  

1 4  
experiments were performed w i t h  [2- C]-tryptophan a s  t he  precursor  and t ime 

per iods va r y i ng  from 1-20 days .  The percentage o f  i n co rpo ra t i on  i n t o  catharan- 

t h i n e  was shown t o  vary  from 0.08-1.0%, t h e  l a t t e r  value be ing obta ined a t  

t h e  longer  t ime periods. On t h i s  bas is ,  r a d i o a c t i v e l y  l a b e l l e d  forms of 
3 

secodine ( I )  ava i l ab l e  from t he  syn the t i c  sequence a l ready  presented , were 

admin is tered over a pe r i od  o f  20 days, v i a  t he  co t t on  wick technique t o  p l an t s  

va ry ing  i n  age from 1-2 years. The secodine molecule was incorporated i n  t h e  

form of i t s  acetate s a l t  and t h e  i s o l a t e d  a l k a l o i d  c a r e f u l l y  p u r i f i e d  t o  

constant  a c t i v i t y .  I n  a1 1 instances t he  i n d i v i d u a l  experiments were repeated 

w i t h  d i f f e r e n t  p l an t s  and d i f f e r e n t  secodine preparat ions so as t o  e l i m i n a t e  

any doubt about t he  v a l i d i t y  o f  t he  obta ined data. The r e s u l t s  of  t he  var ious 



experiments a r e  presented i n  Table 1 .  

Table 1. Resul ts  of Incorporat ion of Secodine i n t o  Catharanthine.  a  

Expt. Compound Fed % Incorporat ion Ratio o f  Ratio of 
A c t i v i t y  Ac t iv i ty  
Fed ( HI Iso la t ed  

1-0 ( HI C) 

[ a r - H I - s e c o d i n e  ( I )  0.005 

[ a r - H I - s e c o d i n e  0.002 

[ 1 4 ~ 0 0 ~ ~ 3 ] - s e c o d i n e  0.006 

[ 3 , 1 4 , 1 5 , 2 1 - ^ ~ , ~ ~ ~ 0 0 ~ ~ ~ ] -  0.003 ("c) 5.02 1.93 
secodine 0.001 ( ^ H )  

1 4  
[ a r ~ ,  C00CH3]-secodine 0.0008 ( ^ c )  3.93 3.39 

0.0007 ( ^ H )  

3 1 4  
[ a r  H ,  COOCHs]-secodine 0.001 ( c )  3.96 3.53 

0.0009 ( ^ )  

a See Table 2 f o r  o t h e r  experimental  d e t a i l s .  

As Table 1  r e v e a l s ,  t h e  secodine molecule i s  incorpora ted  i n t o  t h e  a l k a l o i d  

system and when t l i i s  d a t a  i s  coupled with t h e  degradation s t u d i e s  ind ica ted  i t  

i s  c l e a r  t h a t  t h e  incorporat ion i s  r a t h e r  s p e c i f i c .  The degradation of 

ca tha ran th ine  v ia  d ihydrocatharanthine  and epiiboqamine ( I I I ) ,  from severa l  

d i f f e r e n t  experiments,  a r e  presented f o r  purposes of comparison. The radio-  

a c t i v e  carbon dioxide  was i s o l a t e d  a s  t h e  hyamine s a l t .  



Table 2. Spec i f i c  A c t i v i t i e s  Associated w i t h  the  Experiments i n  Table 1. 

Expt. A c t i v i t y  Fed Spec i f i c  A c t i v i t y  Fed Spec i f ic  A c t i v i t y  I s o l a t e d  

2) H,N-NH, 
H 

14 
H 

C02CH3 
Ill 

F i r s t  o f  a l l  i t  i s  c l e a r  t h a t  the carbomethoxy group of the  secodine 

molecule becomes the e s t e r  funct ion i n  the a l ka lo id .  Secondly the var ious 

experiments w i t h  doubly l a b e l l e d  secodine provide some in format ion i n  terms of 

the b iosyn the t i c  conversion of secodine t o  catharanthine. Thus the r e s u l t s  of 

experiments 5 and 6 when coupled w i t h  the degradation data, show t h a t  l i t t l e  



o r  no a l t e r a t i o n  o f  t h e  indo le  po r t i on  o f  the  secodine system occurs dur ing 

i t s  conversion t o  the a l ka lo id .  A small l oss  of t r i t i u m  (10-14%) f rom-the 

aromatic r i n g  of I appears b u t  t h i s  i s  presumably due t o  simple exchange w i t h  

the medium. I n  the  c a s e ~ o f  experiments 7 and 8, i t  i s  c l e a r  t h a t  the 

secodine molecule becomes incorporated i n t o  the a l k a l o i d  system since again 

o n l y  a small l o s s  of l abe l  from the s ide chain i s  observed. On the o the r  

hand, the r a t i o  o f  a c t i v i t y  i s o l a t e d  i n  the a l k a l o i d  from experiment 4 

revea ls  t h a t  61.5% of the  t r i t i u m  i s  removed from the  p ipe r ide ine  u n i t  o f  

t he  secodine molecule. This i s  the expected r e s u l t  i f ,  as already 

mentioned above, an ox ida t ion  o f  I t o  a dehydrosecodine o r  a s i m i l a r  b io -  

in termedia te  i s  t o  p r e v a i l  before  i t  can be u t i l i z e d  by the p lan t .  It i s  

i n t e r e s t i n g  t o  note  t h a t  a s i m i l a r  r e s u l t  had been obtained i n  a previous 
1 

se r ies  o f  i nves t iga t ions  i n v o l v i n g  the Aspidosperma a lka lo id ,  v indo l i ne  . I n  

the l a t t e r  instance, a 60% l o s s  of t r i t i u m  was observed. These r e s u l t s  tend 

t o  support the previous postu la tes  t h a t  there appears t o  be an intermediate,  

possessing the  s t r u c t u r a l  features o f  the secodine system, which i s  common 

t o  both the Iboga and Aspidosperma f a m i l i e s .  I n  summary, the above r e s u l t s  

are e n t i r e l y  cons is ten t  w i t h  the  pathway ou t l i ned  i n  Scheme 1 i n  which the 

Strychnos ser ies ,  here exempl i f ied by stemadenine ( I V )  and isostemmadenine 

(V), undergoes bond f i s s i o n  t o  a dehydrosecodine d e r i v a t i v e  ( V I )  which i s  

merely a double bond isomer o f  the 3,14-dehydro analog of I. This type of 

system by a ser ies  o f  bond-forming processes, then elaborates t o  the Iboga 

alkaloids2"*.  Obviously a great  deal of add i t i ona l  data must be acquired 

before  f u r t h e r  d e t a i l s  of these l a t e r  phases can be ascertained. Undoubtedly, 

some of these an t i c ipa ted  s tud ies  must e n t a i l  the eva luat ion o f  a h i g h l y  

unstable dehydrosecodine d e r i v a t i v e  w i t h  regard t o  i t s  r o l e  as a t r u e  b io -  

intermediate.  Methods designed s p e c i f i c a l l y  f o r  the preparat ion and i so -  

l a t i o n  of such systems must f i r s t  be developed and we hope t o  present one 



poss ib le  so l u t i on  t o  t h i s  problem i n  t he  n o t  too  d i s t a n t  fu tu re .  

a-c 
b-d 

Scheme  I I I 
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