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8-CARBOLINE ALKALOIDS 
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Chemist ry  Deuar tment ,  U n i v e r s i t y  of t h e  West I n d i e s ,  Kingston 7 ,  

Jamaica. 

p-Carboline a l k a l o i d s  a r e  d i s c u s s e d  a s  a u n i f i e d  group.  

1. I n t r o d u c t i o n ;  

2 .  Simple  8 - c a r b o l i n e s ;  

3 .  Can th ine  t y p e ;  

4 .  p -ca rbo l ines  w i t h  a complex s u b s t i t u e n t  a t  C-3; 

5 .  P e n t a c y c l i c  t y p e ;  

6 .  Anhydronium b a s e s ;  

7 .  Dimeric a l k a l o i d s ;  

8 .  Refe rences  

1. INTRODUCTION 

The rev iew by Abramovitch and s p e n s e r 1  i n  1964 of  t h e  

c a r b o l i n e s  covered  some a s p e c t s  of  t h i s  t o p i c ,  b u t  s i n c e  t h a t  

t ime ,  s e v e r a l  new and e x c i t i n g  developments  have o c c u r r e d  

e s p e c i a l l y  i n  t h e  a r e a  of  n a t u r a l l y  produced p - c a r b o l i n e s .  I n  

o r d e r  t h a t  a comprehensive  p i c t u r e  migh t  be  p r e s e n t e d ,  a t t e n -  

t i o n  w i l l  b e  drawn t o  some a l k a l o i d s  which were  f i r s t  i s o l a t e d  

more t h a n  one hundred y e a r s  a e o  and t h e  l i t e r a t u r e  is  covered 

up t o  September 1974. An o v e r r i d i n g  c o n s i d e r a t i o n  which mot iva ted  



t h i s  r ev iew is  t h e  f a c t  t h a t  t h e  a v a i l a b l e  p e r i o d i c  r e v i e w s  of  

a l k a l o i d  c h e m i s t r y ,  s u c h  as t h e  Chemical  S o c i e t y ' s  S p e c i a l i s t  

R e p o r t s ,   he ~ l k a l o i d s :  and Manske's volumes,  of  n e c e s s i t y  

p r e s e n t  a f ragmented  view o f  c e r t a i n  a r e a s .  An e q u a l l y  impor t -  

a n t  a s p e c t  i s  t h e  f a c t  t h a t  s e v e r a l  o f  t h e  c u r r e n t l y  used 

c l a s s i f i c a t i o n s  of i n d o l e  a l k a l o i d s ,  f o r  example t h o s e  used 

4  by ~ o i t :  ~ e s s e !  and Kompis e t  a 1  , p l a c e  p - c a r b o l i n e  compounds 

i n  d i f f e r e n t  sub-groups .  Here we have b r o u g h t  t o g e t h e r  a l l  

a l k a l o i d s  which  p o s s e s s  a 8-carbol in ium s t r u c t u r e  and s o  t h i s  

r ev iew i n c l u d e s  c a s e s  where t h e  chromophore has  been modi f i ed  

by c o n j u g a t i o n  o r  by q u a t e r n i z a t i o n  o f  N-4, o r  have more t h a n  

t h e  b a s i c  t h r e e  a r o m a t i c  r i n g s .  A t t e n t i o n  w i l l  be  drawn t o  some 

v e r y  r e c e n t  r e s u l t s  of b i o s y n t h e t i c  s t u d i e s  which  have been  

c a r r i e d  o u t  on a l k a l o i d s  i n  t h i s  g roup ,  b u t  i n  view of t h e  

v e r y  r e c e n t  comprehens ive  r ev iew of t h e  h i o s y n t h e s i s  of i n d o l e  

a l k a l o i d s 5 ,  comments w i l l  b e  k e p t  t o  a minimum. 

2 .  SIMPLE p-CARBOLINES 

Th i s  g roup  c a n  be  f u r t h e r  s u b d i v i d e d  i n t o  t y p e  A .  

which  have s i m p l e  s u b s t i t u e n t s ,  t y p e  B  c o n t a i n i n g  a  v i n y l  

s u b s t i t u e n t  and t y p e  C, w i t h  a q u a t e r n a r y  N-4. A s  w i l l  be  

n o t e d ,  t h e  numbering scheme used i s  t h a t  which has  been more 

r e c e n t l y  used i n  view of t h e  more complex a l k a l o i d s  i s o l a t e d .  

A l k a l o i d s  i n  t h i s  s e c t i o n  a r e  t a b u l a t e d  i n  TABLE 1 below. 
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TABLE 1. 

Tyue A .  

NAME - 

Harrcan ( 1 )  

Harmsnine (2) 

Harm01 ( 3 )  

10-Me thoxy harman ( 4 )  

Harmine ( 5 )  

Ru ine  ( 6 )  

Harman-5-carboxy l i c  
a c i d  ( 8 )  

B r e v i c o l l i n e  ( 1 3 )  

B r e v i c a r i n e  ( 1 4 )  

SUBSTITUTION 

l l -carbomethoxy-  
p - c a r b o l i n e  ( 1 5 )  - 

C-11 c-12 - - OTHER - 
- - - 
- - N-4-0 

OH - - 
- - C-10; CH30 

OCHj - - 
0CH3 0-Glu. - 



TABLE 1 continued .. 
Type B. 

SUBSTITUTION 

a - C-6 

Pavet t ine  (16)  -CH=CH2 - - - 
Dehydrocrenatine (17)-CH=CH2 - 0CH3 - 
Dehydrocrenatidine 

(18)  -CH=CH2 - CCH3 - 
6,ll-Dimethoxy-3- 
vinyl-B-carboline 

(19) -CH=CH2 - OCHj 0CH3 

Tme C .  

Melinonine F (20) CH3 
- - - 

10-Methoxg-4-methyl- 
p-carbolinium 

c h l o r i d e  (21) - - - - 

T Y D ~  A 

Harman (1) 

This a lka lo id  has s o  f a r  been i s o l a t e d  from 23 

belonging t o  8 f ami l i e s  

P l a n t  - 
Newbouldia sp .  

Carex sp .  

Elaeagnus sp . 
C o l l i ~ o n i u m  minimum 

P a s s i f l o r a  a c t i n e a  

P .  i nca rna ta  - 
P .  a l a t a  - -  

Fami 1.y 

Bignoniaceae 

Cyperaceae 

Elaeagnac eae 

Polygonaceae 

Pass i f lo raceae  

,, 

C-12 OTHER - - 

plant  spec ie s  

Reference 

6 

7 

8 

9 

10 
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Harnan c o n t i n u e d  

P l a n t  Fsmils R e f e r e n c e  

P .  alba - P a s s i f l o r a c e a e  11 

P .  b r y o n i o i d e s  at - 11 

P .  c a p s u l a r i s  - 11 

P .  e d u l i s  - 1 2  

P .  e i c h l e r i a n a  I) - 1 2  

P a s s i f l o r a  q u a d r a n g u l a r i s  1 2  

P .  r u b e r o s a  - 
O p h i o r r h i z a  i a n o n i c a  Rub iacea  e 

Nauclea  d i d e r r i c h i i  

P a u r i d i a n t h a  c a l l i c a r n o i d e s  

P a l i c o u r e a  a l n i n a  

S i c k i n ~ i a  rubra 

S i m i r a  k l u g i i  

S .  r u b r a  - -  
Symplocos racemosa  Symplocaceae  20 

Z ~ a o ~ h v l l u m  f a b a a o  Zygophy l l a c e a e  2 I 

A s y n t h e s i s  by Clemo and ~ o l t ~ ~  i l l u s t r a t e s  t h e  u t i l i t y  o f  

t h e  F i s h e r  i n d o l e  s y n t h e s i s .  It c o n s i s t s  of t h e  r i n g  c l o s u r e  o f  

t h e  c o n d e n s a t i o n  p r o d u c t  o f  2-methyl-3-hydrazinopyridine ( 2 2 )  

and c y c l o h e x a n o n e ,  namely compound ( 2 3 ) ,  and t h e n  c o n v e r s i o n  

o f  ( 2 4 )  t o  harman ( 1 ) .  



S e v e r a l  o t h e r  s y n t h e s e s  have been  r e c o r d e d  1 1 2 2 4 .  R e c e n t l y ,  

photo- induced d e h y d r o g e n a t i o n  of 5 ,6 -d ihydro -5 -ca rbo l ine  h a s  

been  usedz5  and a scheme s t a r t i n g  from t r y p t a m i n e  ( 25 )  has  been  

2  6  p u b l i s h e d  by Cauzzo and J o r i  . 

I ,  1 7.e~(d,~:5.4Hz)  mM837(d,~= 5.4) 

\ 
H CH3 

(9396 y i e l d )  
(1) 

A n i 1 , r e n e  i n t e r m e d i a t e  h a s  a l s o  been  u t i l i z e d  by Kametani  and 

27 h i s  g roup  t o  s y n t h e s i s e  harman . S t a r t i n g  f r o n  t h e  n i t r o  

d e r i v a t i v e  ( 2 7 ) ,  harman c a n  be  s y n t h e s i s e d  by a scheme shown 

below by t h e  a p p l i c a t i o n  of t r i e t h y l  p h o s p h i t e .  

I n  t h e  a r e s  of s t r u c t u r e 1  e l u c i d a t i o n .  e s p e c i a l l y  w i t h  r e s p e c t  

t o  t h e  d e t e r m i n a t i o n  of  t h e  s u b s t i t u t i o c  s i t e s  i n  t a rman  and 
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r e l a t e d  sys tems .  t h e  use  of  n u c l e a r  o v e r h a u s e r  e f f e c t  is of 

28 i n t e r e s t  . 
Addi t ion  of  t r y p t o p h a n  t o  a c e l l  s u s p e n s i o n  from t h e  r o o t s  of 

P h a s e o l u s  v u l g a r i s  caused  t h e  p r o d u c t i o n  of  norharman and harman, 

2 9 a l t h o u g h  t h i s  p l a n t  does  n o t  normal ly  produce t h e s e  a l k a l o i d s  . 
It was t h e o r i s e d  t h a t  N-acetyl  amines p layed  a n  i m p o r t a n t  r o l e  

i n  a l k a l o i d  b i o s y n t h e s i s ,  and N-acetyl tyramine ( 2 8 )  was shown 

30 t o  be  a  p r e c u r s o r  f o r  h a m a n  . The f o l l o w i n g  scheme was t h e  

proposed pathway. 

( 2 8 )  (1 )  

The g e n e r a l  u t i l i t y  of  N-acetylamines has  however n o t  been 

3  1 demonstra ted  . 

Harmanine (2). 

This  compound has  s o  f a r  been o n l y  i s o l a t e d  f r o m ~ o l l i g o n u m  

minimum (Po lygonaceae)  32. 

Harm01 (11-hydroxyharman) ( 3 )  

P a s s i f  l o r a  i n c a r n a t a  ( p a s s i f  1 0 r a c e a e ) ~ ~ .  B a n i s t e r i o p s i s  

i n e b r i a n s  ( ~ a l ~ i ~ h i a c e a d ~ ~ ,  and Zygophyllum fabago  (Zygophylla-  

ceae)"  have y i e l d e d  t h i s  a l k a l o i d  which c a n  h e  produced from 

3  5 harmine by b o i l i n g  i n  H C 1  . 



10-Methoxyharman ( 4 )  

V i r o l a  c a s p i d a t a  ( M y r i s t i c a c e a e )  is  t h e  o r i g i n  of  t h i s  

a l k a l o i d .  The mass spect rum showed m/e 212 (M') 198, 197 

( b a s e  p e a k ) ,  159 ,  and 158~ ' .  

Harmine ( 11-Methoxpharnan) ( 5 )  

P l a n t  Family , 

Peganum barmala Rutaceae  

P a s s i f l o r a  i n c a r n a t a  P a s s i f l o r a c e a e  

B a n i s t e r i a  Malpighiaceae  

B a n i s t e r i o p s i s  i n e b r i a n s  I 

Cabi p a r a e n s  is  - 
. .. 

B a n i s t e r i o p s i s  c a a p i i  (I 

B. sp. - 
B a n i s t e r i a  lutes 

Calycanthus  9. - Calycanthaceae  

T r i b u l u s  t e r r e s t r i s  Zygophyl laceae  

Zygovh~l lum fabago  ,I 

Reference  

3 

3 

3 

3 

3 

3 2 

3 2 

3 7 

3 8 

5 7 

21 

Harmine has  been produced by o x i d i s i n g  ha rmal ine  ( 2 9 ) .  

O t h e r  s y n t h e s e s  have been recorded  23739 .  It has  been shown 

40 r e c e n t l y  t h a t  n i t r a t i o n  produced t h e  1 0 - n i t r o  d e r i v a t i v e  . 
Ruine ( 6 )  - 

M S  NMR, W w s r e u t i l i z e d  t o  e l u c i d a t e  t h e  s t r u c t u r e  of t h i s  

g l y c o s i d e .  The g l y c o s i d i c  bond was r e s i s t a n t  t o  p-glucosidase  a t  
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30'. and had t o  be  c l e a v e d  by a c i d  h y d r o l y s i s .  This  a l k a l o i d  

co-occurs w i t h  harmine i n  b o t h  c a l l u s  t i s s u e  and s e e d l i n g s  of 

41 The NMR spec t rum of  t h e  t e t r a a c e t a t e  P e ~ a n u m  harmala  . 
(CDCl ) showed t h a t  t h e  N-H s i g n ~ l  was c o n s i d e r a b l y  s h i e l d e d ,  

3  
and appeared  a t  6 8 .62 .  N e t t l e s h i p  and S l a y t o r  a l s o  demonetra- 

t e d  t h a t  r u i n e  w a s  produced from harmine by d i r e c t  h y d r o x y l a t i o n  

4  1 and g l y c o s y l a t i o n .  . 

3-Hydroxymethyl-8-carboline ( 7 1  

T h i s  a l k a l o i d  from P ic rasma  a i l a n t h o i d e s  (Simaroubaceae)  
42 

was e s t a b l i s h e d  on t h e  b a s i s  of s p e c t r a l  ev idence  and i t s  prepar -  

a t i o n  from ( 3 0 )  by r e d u c t i o n  w i t h  LiA1H4 i n  t e t r a h y d r o f u r a n .  

Harman-5-carboxylic a c i d  ( 8 )  

In  t h e  c a s e  of  i t s  i s o l a t i o n  from Asoidosoerma ~ o l v n e u r o n  

( ~ p o c y n a c e a e ) ~ ~  t h i s  b a s e  w a s  o b t a i n e d  by a c i d  h y d r o l y s i s  of  a  

44 s u g a r  e s t e r .  It h a s  a l s o  been i s o l a t e d  from A. exala tum . 
S p e c t r a l  d a t a w e r e u s e d  i n  t h e  s t r u c t u r e  d e t e r m i n a t i o n ,  and 

45 s y n t h e s i s  has  conf i rmed i t  . 
3-Carbomethoxy-6-carboline (9L 

I s o l a t i o n  has  been from P ic rasma  c r e n a t a 4 f  P. a i l a n t h o i d e s  4  2  

( ~ i m a r o u b a c e a e ) ,  P l e i o c a r p a  mutica47 ( ~ ~ o c y n a c e a e )  and Nauclea 

d i d e r r i c h i i  ( ~ u b i a c e a e ) ' ~ : ~ ~ o n e  s y n t h e t i c  r o u t e  used t o  c o n f i r m  



49 t h i s  s t r u c t u r e  s tarts  w i t h  harman ( 1 )  and  i s  shown below . 

benza ldehyde  ____, 

(9) 
Anothe r  s y n t h e s i s  h a s  been r e p o r t e d ,  and t h i s  u t i l i s e d  e s t a b l i s h e d  

45 p r o c e d u r e s  . 

54a rbomethoxyharman ( 1 0 )  

I s o l a t i o n  was f rom Nauc lea  d i d e r r i c h i i 1 4  and i t s  s y n t h e s i s  

4 5 f rom t r y p t o p h a n  i s  shown below . 

t r y p t o p h a n  4 
s u l f u r  

A 
H CH3 

(10) 

C r e n a t i n e  (3 -~ thy l -6 -me thoxy-6 -ca rbo l ine )  ( 1 1 )  
. ~ .  

P l a n t  s o u r c e s  a r e  P i c r a s m a  c r e n a t a  50'46 and g. j a v a n i c a  
. ,  , 

( ~ i m a ~ o u b a c e a k ) ' ~ ~ .  1t  was show; t h a t  i t s  UV was similar t o  t h a t  

of harmnn and t h e  s u b s t i t u t i o n  p a t t e r n  e s t a b l i s h e d  by compar i son  
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5 1  
of i t s  NMR w i t h  t h a t  of  3 -e thy l -8 -ca rbo l ine  . The ass ignment  

of a r o m a t i c  s i g n a l s  were a s s i s t e d  by Hzckel  MO c a l c u l a t i o n s .  

P r o t o n s  a t  C-9 have a n e t  p o s i t i v e  c h a r g e  and s o  a p p e a r  a t  low 
45 

f i e l d  w h i l e  C-12 p r o t o n s  have a  n e t  n e g a t i v e  c h a r g e  . 

C r e n a t i d i n e  (3-Ethyl-6,12-dimethoxr-~-carboline)(l2~ 
4 6 

This  a l k a l o i d  co-occurred w i t h  c r e n a t i n e  i n  P ic rasma  c r e n a t a  . 
The UV resembled t h a t  of  3-methyl-12-methoxy-p-carboline, and 

t h e  N-H i n  t h e  NMR was s h i f t e d  u p f i e l d  ca.lppm t o  6 8 . 9 0 .  Reduc- 

t i o n  of b o t h  c r e n a t i n e  and c r e n a t i d i n e  w i t h  N a  i n  a b s o l u t e  EtCH 

gave  compounds ( 3 1 )  and (32)  r e s p e c t i v e l y ,  and KS d a t a  were a l s o  

d i s c u s s e d .  

B r e v i c o l l i n e  (13)  

C ~ r e x  b r e v i c o l l i s  (Cyperaceae)  produced t h i s  compound, and 

t h e  s t e r e o c h e m i s t r y  i n d i c a t e d  i n  (13A) was based on t h e  f o l l o w i n g  
52 

ev idence  . 

HOoc  

( 3 3 ) ;  R=H 
. . . . .  . . 

( 3 4 ) ;  R=CHJ ( 3 5 )  ( l M )  
L . .  , . . , : ... . , .' ~ . .  

When o x i d i s e d ,  b r e v i c o l l i n e  y i e l d e d  ( 3 3 )  an83.i ts .  i d e n t i t y  wag 
L . , . . .. . ,  . , 

e s t a b l i s h e d  by s y n t h e s i s  of i ts  methy l  e s t e r  ( 3 4 ) .  T h i s  s y n t h e s i s  



invo lved  t h e  r e a c t i o n  of  me thy l  indo ly1 ,g lyco la te  w i t h  d i b e n z y l  

acetamidomalonate  i n  t h e  p r e s e n c e  of  NaOCHj t o  produce f i r s t l y  

d i b e n z y l  carbomethoxyskatylacetamidomalonate. Hydrogenolys is  

of  t h i s  l a t t e r  p r o d u c t  was t h e n  fol lowed by r e a c t i o n  w i t h  

po lyphosphor ic  a c i d  and POC13 t o  g i v e  t h e  d e s i r e d  p r o d u c t .  

The c o n f i g u r a t i o n  ehown i n  s t r u c t u r e  (13A) was determined 

by o x i d a t i o n  w i t h  po tass ium f e r r i c y a n i d e  and t h e n  Cr03 t o  y i e l d  

( - ) -hygr in ic  a c i d  ( 3 5 ) .  Th i s  a c i d  wae i d e n t i c a l  w i t h  a specimen 
53 o b t a i n e d  on m e t h y l a t i o n  of L ( - ) - p r o l i n e  . 

I n  t h e  a r e a  of  b i o s y n t h e s i s ,  when ~ L - [ ~ - ~ ~ ~ ] - t r y p t c p h a n  was 

a d m i n i s t e r e d  t o  Carex b r e v i c o l l i s  p l a n t s ,  t h e r e  was a 0.01% 

i n c o r p o r a t i o n  i n t o  b r e v i c o l l i n e .  92% of t h i s  a c t i v i t y  was 

l o c a t e d  i n  t h e  harman p o r t i o n  of t h e  molecu le .  Sodium [2-14c] 

p y r u v a t e  showed a 0.017% i n c o r p o r a t i o n  (C-3=91$; C-14=0$). With 

SodiLim [ % ] - f ~ m a t e  t h e r e  was a 0.012% i n c o r p o r a t i o n  and t h e  
1 4  N-methyl having 87% of  t h e  a c t i v i t y .  [U- C]-Glutamic a c i d  was 

v e r y  l i t t l e  i n c o r p o r a t e d .  
54 

B r e v i c a r i n e  ( 1 4 )  

Like b r e v i c o l l i n e , ' b r e v i c a r i n e  occurs  i n  Csrex b r e v i c o l l i s  

( ~ y p e r a c e a e ) ~ ~ .  B r e v i c a r i n e  was prepared  from b r e v i c o l l i n e  by 

f i r s t  t r e a t i n g  i t  w i t h  PhCOC1, t h e n  H2-Pt, and f i n a l l y  w i t h  KOH. 

F i n a l  proof of s t r u c t u r e  was ach ieved  a e  f o l l o w s .  The q u a t e r n a r y  

s a l t  of 3~-(1-methylpiper idyl) -2- indole  was r e a c t e d .  ., w i t h . t h e  pota-  

ss ium d e r i v a t i v e  of  b e n z y l e u l f i n y l a c e t o n e ,  t h e n  t h e  r e s u l t i n g  

B-ketosulfoxide  decomposed t o  g i v e  8-(methylbenzy1amino)-4- 

(indol-3-y1)-octan-2-one. The oxime of t h i s  k e t o n e  was c y c l i s e d  

t o  g i v e  5.5-dihydro-B-carboline,which upon dehydrogena t ion  
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a f f o r d e d  a compound i d e n t i c a l  w i t h  t h e  n a t u r e d  b r e v i c a r i n e .  The 

56 lower  homolog was s i m i l a r l y  p repared  from p y r r o l i d y l i n d o l e  . 

11-Carbomethoxv-8-carboline (15)  

Th i s  a l k a l o i d  was r e p o r t e d l y  i s o l a t e d  f rom P ic rasma  c r e n a t a  

(Simaroubaceae)  and supposed ly  a l s o  p r e s e n t  i n  P l e i o c a r p a  mut ica .  

Type B. 

P a v e t t i n e  (16)  

P a v e t t a  l a n c e o l a t a  (Rubiaceae)  was t h e  s o u r c e  of  t h i s  a l k a l o i d  
57 

Hydrogenat ion y i e l d e d  5 -e thy l -@-carbo l ine .  S y n t h e s i s  was ach ieved  

a s  f o l l o w s .  The b e n z a l  d e r i v a t i v e  o f  harman ( 3 6 )  was o x i d i s e d  

w i t h  sodium p a r a p e r i o d a t e  and osmium t e t r o x i d e  t o ' g i v e  3-formyl- 

6 - c a r b o l i n e  ( 3 7 ) .  R e a c t i o n  o f  (37)  w i t h  mett-:y1-triphenylphosphonium 

bromide produced p a v e t t i n e .  

Dehydrocrena t ine  (6-methoxy-3-vinyl-8-carboline)(17) 

It was i s o l a t e d  from P ic rasma  j a v a n i c a  ( ~ i m a r o u b a c e a e ) ? ~  Re- 

d u c t i o n  t o  t h e  d i h y d r o  compound produced a  p roduc t  i d e n t i c a l  t o  

c r e n a t i n e  ( 1 1 ) .  100IvfHz NMR d a t a w e r e a l s o  used t o  s u p p o r t  t h e  

proposed s t r u c t u r e  ( 1 7 ) .  

D e h y d r o c r e n a t i d i n e  (18)  

Th i s  compound o c c u r s  i n  P e r r i e r a  m a d a g a s c a r i e n i s i s  (Simarou- 
58 

b a c e s e )  and can  be  r e g a r d e d  a s  t h e  C-12 methoxg d e r i v a t i v e  of 

d e h y d r o c r e n a t i n e .  



6.11-Dimethoxy-3-vin?{l-8-carboline ( 1 9 )  
58 

This  a l k a l o i d  co-occurs w i t h  d e h y d r o c r e n a t i d i n e  . 

Type C .  

Mel inonine  P. ( 2 0 )  

Th i s  3,4-dimethyl-p-carboline anhydro b a s e  was i s o l a t e d  from 
5 9 

S t rychnos  mel inon iana  a s  t h e  c h l o r i d e  . I t  had a UY w i t h  

A::? 253( log  E 4 .46) ,  309(4.27) ,  377nm(3.67). 

10-Methoxy-4-methyl-3-carbolinium c h l o r i d e  (21)  

(21)  i s  t h e  on ly  member of t h i s  f a i r l y  l a r g e  group of s i m p l e  

j 8-ca rbo l ines  which p o s s e s s  a C-10 s u b s t i t u e n t .  So f a r  i s o l a t i o n  
60 I has  on ly  been from Desmodium ganget icum (Leguminosae) . 

3 .  CAMTHINE TYPE 

Type A .  

Name S u b s t i t u t i o n  S t r u c t u r e  No. 

Canthine-6-one (38)  

5-Methoxycanthin-6-one C-5, OCH 
. . 3 

(39)  

4-Methylthiocanthin-6-one,  C-4, SCH3 ( 4 0 )  
:,/ :.. , ; 

4,5-Dimethoxycanthin-6-one C-4, C-5, 2xOCH3 ( 4 1 )  

Nigakinone C-4,0CH3,C-5,OH (42)  
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[ C I  

Norisotuboflavine 

Isotubof l av ine  

Tuboflavine 

General s t r u c t u r e s  [A]  and [ C ]  r ep resen t  t h e  Ring Index 

numbering which has been used f o r  t h i s  group. Numbering i n  

s t r u c t u r e s  [B] and [.Dl conforms t o  the  system used f o r  t h e  simple 

3-carbolines descr ibed  e a r l i e r  i n  t h i s  review. Because ha l f  of 

t h i s  group of a l k a l o i d s  have w e l l  e s t ab l i shed  names based on t h e  

Ring Index nurrbering, i t  has been decided n o t  t o  a l t e r  these  names 

f o r  the  purpose of t h i s  d i scuss ion .  

T Y D ~  A. 

Canthin-6-one (38) 

Three p l a n t s  have s o  f a r  y ie lded  canthin-6-one, namely 

Pentaceras  a u s t r a l i s  ( ~ u t a c e a e ) ~ ' ,  Zanthoxplum suberosum (Rubiaceae) 6  2 

and Picrasma c r e n a t a  ( ~ i m a r o u b a c e a e ) ~ ~ .  Early s t r u c t u r e  proposals  

were based ox the  f a c t  t h a t  canthin-6-one on oxida t ion  gave 

3-carboxy-p-carboline, and t h e  lactam underwent base opening which 

was r e v e r s i b l e  t o  compound (46 ) .  The --isomer of t h i s  a c r y l i c  

ac id  d e r i v a t i v e  ob ta inab le  from (46)  i s  however i r r e v e r s i b l e .  



The W showed A dioxane max 251 nm ( l o g  ~ , 4 . 0 9 ) ,  259(4.05) ,  269(4.03) 

-.293(3.90), 299(3.91) ,  347(3.94) ,  362(4.17) and 3.81(4.14).  

Hexahydrocanthin-Lone which was p r e v i o u s l y  s ~ n t h e s i s e d ~ ~  has  been 

s u c c e s s f u l l y  dehydrogenated t o  canthin-€-one65. A more r e c e n t  

s y n t h e s i s  .has-..been d e s c r i b e d 6 6 .  P r e p a r a t i o n  of  s e v e r a l  c a n t h i n o n e  
1 d e r i v a t i v e s  were reviewed by Abramovitch and Spense r  . 

5-Methoxycanthin-Lone (39 )  

T h i s  a l k a l o i d  o c c u r s  i n  P e n t a c e r a s  australis6l S t r u c t u r a l  

ass ignment iwas  based f i r s t l y  on t h e  f a c t  t h a t  KMn04 o x i d a t i o n  gave 

B-carboline-3-carboxylic a c i d .  Also a l k a l i  opening of t h e  l a c t a m .  

r i n g  gave 0-carbolylmethoxyacrylic a c i d ,  a r e a c t i o n  which is  

r e v e r s i b l e .  Loca t ion  of t h e  methoxyl group was e s t a b l i s h e d  by 

d e m e t h y l a t i o n  fo l lowed  by condensa t ion  o f  t h e  r e s u l t i n g  hydroxy 

compound w i t h  o-phenylenediamine t o  g i v e  t h e  hydroxyqu inoxa l ine  
67 (47)  and n o t  a phenae ine  d e r i v a t i v e  . 
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This  a l k a l o i d  has  been s y n t h e s i s e d  by condensing d i e t h y l  o x a l a t e ,  

w i t h  t h e  d i l i t h i u m  d e r i v a t i v e  of  3-methyl-p-carboline,  and t h e  
6 5  

r e s u l t i n g  p h e n o l  t r e a t e d  w i t h  d iazomethane . 
4-Nethylthiocanthin-&one ( 4 0 )  

68 
P e n t a c e r a s  a u s t r a l i s  a l s o  y i e l d s  t h i s  a l k a l o i d  . The p res -  

ence  of  s u l p h u r  i s  a r a r e  f e a t u r e  i n  p l a n t  a l k a l o i d s .  Th i s  

colrpound d i s p l a y s  low b a s i c i t y  and t h e  W of  t h e  4-methoxy and 

4-meth:!lthiocanthinone a r e  s i m i l a r .  and t h e  on ly  r e s u l t  of  t h e  

rep lacement  of oxygen by s u l p h u r  b e i n g  t h a t  t h e  two l o n g e r  wave- 

l e n g t h  bands a r e  d i s p l a c e d  c a . 1 0  nm t o  l o n g e r  wave leng ths  w i t h  no 

s i g n i f i c a n t  change i n  i n t e n s i t y .  

Treatment  o f  t h e  b a s e  w i t h  a l c o h o l i c  a l k a l i  gave 2-methylthio- 

2 - (1 -3 -ca rboxy1)ac ry l i c  a c i d ,  fo l lowed  by t h e  e l i m i n a t i o n  of  

me thy l  mercaptan and r e c y c l i s a t i o n  t o  4-hydroxycanthin-Gone.  

S y n t h e s i s  was as f o l l o w s :  fi-carboline-3-carboxylic a c i d  c h l o r i d e  

was condensed w i t h  magnesium ethoxy d e r i v a t i v e  o f  malonic  e s t e r ,  

t o  g i v e , a f t e r  a c i d  h y d r o l y s i s .  4-hydroxycanthin-Gone.  Treatment 

w i t h  phosphorus  o x y c h l o r i d e  fo l lowed  by h e a t i n g  i n  a s e a l e d  t u b e  
58 

w i t h  po tass ium methy l  m e m a p t i d e  gave t h e  n a t u r a l  p r o d u c t  . 
4.5-Dimethoxscanthin-6-one ( 4 1 1  

The s t r u c t u r e  of t h i s  a l k a l o i d  from Picrasma a i l a n t h o i d e s  

(Simaroubaceae)  was e s t a b l i s h e d  by u t i l i z i n g  UV d a t a ,  f u n c t i o n a l  
6 9 group a n a l y s i s  and o x i d a t i o n  t o  0-carboline-3-carboxylic a c i d  , 

Nigakinone ( 4 2 )  

Th i s  a l k a l o i d  h a s  been found t o  co-occur ~ i t h  compound ( 4 1 )  i n  

70 P . a i l a n t h o i d e s  . Mainly on t h e  b a s i s  of  i t s  c o n v e r s i o n  t o  methyl-?- - 



carboline-3-carboxylate, and m e t h y l a t i o n  t o  4.5-dimethoxycanthin-  

&one ( 4 1 ) .  s t r u c t u r e  ( 4 2 )  was a s s i g n e d .  

l'ylie B .  

N o r i s o t u b o f l a v i n e  (43 )  . . 

P l a n t - s o u r c e  was P l e i o c a r p a  m u t i c a  (Apocynaceae) .  S t r u c t u r a l  

a s s i g n m e n t  was first p roposed  ma in ly  on t h e  b a s i s  o f  s p e c t r a l  

d a t a ,  e s p e c i a l l y  mass s p e c t r o m e t r y ,  and t h e  d e t a i l e d  s p e c t r a l  

d i s c u s s i o n  i n v o l v e d  making a compar ison  w i t h  t h e  c o - o c c u r r i n g  

a l k a l o i d  i s o t u b o f l a v i n e ,  which  is d e s c r i b e d  below47. T h i s  a l k a -  

l o i d  h a s  now been  s y n t h e s i s e d  from canthin-&one7'  as w e l l  as 

3-metho~ycarbonyl-~-carboline~~ by schemes summarised below. 

R e a g e n t s :  - 

i )  MeCH=CUC02Ke-Nag; 

ii) H+; 

i l i )  (CH- ) p h N + ~ r > -  ? 3 
i v )  ~ i C l  

,. .,. . . . 

( 4 3 )  

V )  H ~ - P B  \ c 
v i )  CH3XgI 

v i i )  CHJOH-HC1 

v i i i )  Se02 

> 
I s o t u b o i l a v d n e  ( 4 4 )  

I s o t u b o f l a v i n e  co -occur s  w i t h  n o r i s o t u b o f l a v i n e  i n  P l e i o c a r ~ a  
47 m u t i c a -  :. , - B o t h . t h e s e  a l k a l o i d s  e x h i b i t e d  i d e n t i c a l  UV, v e r y  

. . e . .v imi la r  . .  . 1 R  (hav ing  . a  t y p i c a l  p y r i d o n e  band a t  1620 cm-l) .  T h e i r  

MS f r a g m e n t a t i o n  was a l s o  v e r y  s imilar ,  and d i f f e r e n c e s  obse rved  

f o r  t h i s  b a s e  when compared w i t h  t h a t  o f  t u b o f l a v i n e  (45 )  c o u l d  
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be r a t i o n a l i s e d  by t h e  f a c t  t h a t  t h e  e t h y l  e u b s t i t u e n t  was 

d i f f e r e n t l y  l o c a t e d  i n  r i n g  D .  

Tubof l a v i n e  ( 4 5 )  
47 

P l e i o c a r ~ a  t u b i c i n a  produced t h i s  b a s e  . This  t h i r d  ye l low 

a l k a l o i d  i n  t h i s  s e r i e s ,  l i k e  t h e  o t h e r s ,  e x h i b i t s a  l a r g e  batho- 

chromic  s h i f t  i n  a c i d  o r  upon f o r m a t i o n  of t h e  r e s p e c t i v e  

m e t h i o d i d e s .  Reduc t ion  of  t u b o f l a v i n e  w i t h  LiAlH gave  a  m i x t u r e  4  
o f  two compounds,. b o t h  of  which have W similar  t o  1-methylharman. 

Treatment  w i t h  d i l u t e  a l k a l i  and t h e n  m e t h a n o l i c  HC1 f u r n i s h e d  

3-methoxycarbonyl-~-carboline73. Tubof lav ine  has  been s y n t h e s i s e d  

by f i r s t l y  condens ing  d l - t r y p t o p h a n  w i t h  d l - e t h y l s u c c i n i c  a c i d  t o  

g i v e  a m i x t u r e  .of.:amides. .When one o f  t h e s e  (48)  was c y c l l s e d  w i t h  

a m i x t u r e  o f  po lyphosphor ic  ac id ;phosphorus  o x y c h l o r i d e  and v z a -  

dium p e n t o x i d e ,  compounh ( 4 9 )  was o b t a i n e d  a f ter  p a l l a d i u m  c h a r c o a l  

hydrogena t ion  o f  t h e  c r u d e  p r o d u c t  a l o n g  w i t h  a  l a r g e r ' a m o u n t   of^ 

t h e  4 -e thy l  i somer .  

Compound ( 4 9 )  was reduced  w i t h  z i n c  d u s t  i n  HC1, and t h e n  t r e a t e d  
6 6 

w i t h  se len ium d i o x i d e  t o  y i e l d  t u b o f l a v i n e  . 
. . 

4.  p-CARBOLINES. WITH COMPLEX SUBSTITUENTS AT C-3 

P e r l o l y r i n e  (50)  
74 

P e r l o l y r i n e  was i s o l a t e d  from rye-grass .  Lolium ~ e r e n n e ,  
75 

(Gramin e a e )  . 



X-ray a n a l y s i s  of i ts hydrobromide d ihydra te ,  C16H12N202.HBr.2H20 

was .used t o  e s t a b l i s h  its s t r u c t u r e .  The mass spectrum showed a 

r e a d y . l o s s  of tiydroxyl, and ions corresponding t o  K-CHO, M-CH 0 ,  
3  

and M-C2HJ0. The l o s s  of -CHO is i n  keeping with t h e  presence of 

a  ~ f u r a n o i d r i n g .  NMR and UV d a t a  were analysed by comparison 

> . w i t h  appropr i a t e  m o d e l s .  Synthesis  was achieved by r e a c t i n g  

-5-acetoxyme,t_hyl-2-formylfuran and tryptophan, i n  a Pictet-Spengler  

- . type acid-catalysed r i n g  c losu re ,  and p e r l o l y r i n e  was obtained 

75 fol lowing ox ida t ive  dehydrogenation-decarboxylation . 
A l s t o n i l i d i n e  (51) 

(51) 

Alstonia c o n s t r i c t a  (Apocynaceae) produced t h i s  c ~ ~ H ~ ~ N ~ ~ ~  

76  
CtOH 215, 255, a lka lo id  . The UV of t h i s  compound showed a hmax 

289. 335 nm, while  the  1 R  had an i n d o l i c  NH a t  3520cm-l, metho'xy- 

1 carbonyL (l730cm-l) and an unsaturated carbonyl  a t  1670 cm- . 
MS gave evidence of two methoxycarbonyl res idues  by showing ions 
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a t  m/e 359 (11-59) and m/e 300 (16-118). 100 MHz NMR g a v e  a . 

s p e c t r u m  i n  c o m p l e t e  ag reemen t  w i t h  t h e  a s s i g n e d  s t r u c t u r e .  

P a u r i d i a n t h i n e  (52 )  

P a u r i d i a n t h i n e  was i s o l a t e d  from P a u r i d i a n t h a  c a l l i c a r p o i d e s  

( R u b i a c e a e ) ,  and on t h e  b a s i s  o f  i tsUV.218 nm ( l o g  ~ 4 . 6 6 ) .  

2 8 5 ( 4 . 2 1 ) .  385(3 .84) ,  NMR and MS e v i d e n c e ,  s t r u c t u r e  ( 5 2 )  was 
1 5  

proposed f o r  t h i s  a l k a l o i d .  

P a u r i d i a n t k i n i n e  ( 5 3  ) 

Two p l a n t s ,  namely P a u r i d i a n t h a  , ~ a l l i c a r p o i d e s ~ ~  and 

S t e l e c h a n t h a  ~ a u l i f l o r a ~ ~  have y i e l d e d  t h i s  a l k a l o i d .  The UV i s  

similar t o  t h a t  of harman, 234nm ( l o g  E 4.581, 284(4 .16) ,  347 

(3 .58)  and t h e  1R showed 3300(OH) and 1630cm-', t h e  l a t t e r  b e i n g  

1 5  a s s i g n e d  t o  t h e  c o c j u g a t e d  c a r b o n y l  . Like  p a u r i d i a n t h i n e ,  t h e  

C-9 s k e l e t o n  of t h e  n c n - t r y p t a m i n e  p o r t i o n  c o n t a i n i n g  a n i t r o g e n  

atom makes t h e s e  compounds i n t e r e s t i n g  from a  b i o s y n t h e t i c  p o i n t  

of view. 



A l s t o o i d i n e  (54 )  
78 

A l e t o n i a  c o n e t r i c t a  (Apocynaceae) produced t h i s  a l k a l o i d  . 

1.93 ($ .65(d) "'m 4 "  - 

7.lS(" \ 3 .. 
4.01 (g) PAS 

~ 1 - 1 ~ - 0 -  C O C H j  'osLv :?Q H 4.28 

3'45 '"cH3 1.06 (4). 

CHJ05 
\ 

0 H 7.63 

( 5 5 )  . . 
UV d a t a  demons t ra ted  t h e  p r e s e n c e  of a methy l  s u b s t i t u e n t  on t h e  

< .  

i n d o l e  n i t r o g e n ,  and r u l e d  o u t  any o x y g e n . s u b s t i t u t i o n  on t h e  

harman p o r t i o n  of  t h e  molecule .  The con juga ted  carbomethoxy 

group could  be  a s s i g n e d  based on a W a b s o r p t i o n  a t  235nm and I R  

bands  a t  1698 and 1629 cm-l. Boaz e&.siggested s t r u c t u r e  ( 5 4 )  

[ w i t h o u t  s t e r e o c h e m i c a l  d e f i n i t i o n ]  and b i o s y n t h e t i c  c o n s i d e r a -  

t i o n s  were a l s o  t aken  i n t o  a c c o u n t .  The complete  s t r u c t u r e  has  
76 now been proposed based on a  d e t a i l e d  NMR s t u d y  , and t h e  

spect rum of C - a c e t y l a l s t o n i d i n e  (55)  i n  b e n z e n e 4 5  i s . summar i sed  

i n  t h e  f i g u r e  above ( 6 v a l u e s ) .  

C o r d i f o l i n e  ( 5 6 )  

C o r d i f o l i n e  is one of many i n d o l e  a l k a l o i d s  which have been 

i s o l a t e d  from Adina s p .  and c h a r a c t e r i s e d  by R.  T .  Brown and  h i s  
79 

group.  C o r d i f o l i n e  o r i g i n a t e d  frorc Adina c o r d i f o l i a  (Rubiaceae )  -. . 
It was o b t a i n e d  p u r e  a s  i t s  p e n t a - a c e t a t e ,  Cj8H40N2017. S t r u c t u r a l  

a s s ignment  w i s ' b a s e d  on e x t e n s i v e  NMR and MS studies7' .  NMR on t h e  

p e n t a a c e t a t e  ( 5 7 )  i s  surmar i sed  below: 



HETEROCYCLES, Vol 3, No. 3 ,  7 975 

Although t h e r e  h a s  been no  e x p l i c i t  s t a t e m e n t ,  a  r e c e n t  p a p e r  by 
8 0  

Brown and h i s  group p l a c e d  t h e  OH g roup  a t  C-10 and t h i s  w i l l  

be adopted f o r  o u r  c o n s i d e r a t i o n s .  The s t r u c t u r a l  d e t e r m i n a t i o n  

of t h i s  compound w i l l  be  d i s c u s s e d  i n  some d e t a i l  s i n c e  i t  l a i d  

t h e  ground.work . for ,  f u t u r e  work on $-carbol in ium g l y c o s i d e s  of  

t h i s  t y p e .  IR bands  a t  1680 and 1635 cm-I i n d i c a t e d  t h e  p r e s e n c e  

of t h e  CH 0  C-CH=CHO chromophore, and t h i s  is  s u p p o r t e d  by UV 
3  2  

a b s o r p t i o n  i n  t h e  240 nm r e g i o n ,  and showing a bathochromic  s h i f t  

i n  a c i d  s o l u t i o n .  Ring D was conf i rmed i n  t h e  ES by a pyryl ium 

i o n  a t  m/e 165,  and t h e  oxonium i o n  a t  m/e 331  of t h e  p e n t a a c e t a t e  

was ev idence  o f  t h e  g l u c o s e  moie ty .  The NMR d a t a  g i v e n  i n  sunmary 

above was a s s i s t e d  by s p i n  d e c o u p l l n g  e x p e r j m e n t s .  

D e s o x y c o r d i f o l i n e  ( 5 8 )  
8 1 80 

Adina c o r d i f o l i a  and A. r u b e s c e n s  ( ~ u b i a c e a e ) '  produced 

d e s ~ x ~ c o r d i ~ f o l i n e .  S t r u c t u r a l  p r o p o s a l  was based on I R ,  W and 
81 

NMR d a t a  . C o n f i g u r a t i o n a l  a s s ignments  cou ld  be  made based on 

1 0 0 W  s t u d i e s  (CDCl?), e s p e c i a l l y  on m e t h y l d e s o x y c o r d i f o l i n e  

t e t r a a c e t a t e  (59)" which i s  shown below. 



Palinine (60) . 
-, .  This new alkaloid from Palicourea alpina (Rubiacgae) ,was ,. . 

, 8 3  
the.first,characterised alkaloid from a Palicourea sp. 

; .. 
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... - ,  . .. - 3. 
%.. . . . .  . . ~ - .*.. 

P a l i n i n e ,  C37Hj2N2010. m.p. 166.5-153' co-occurs w i t <  h a m a n .  

H:rdrol:isis w i t h  7 - g l u c o s ~ d k s e  proved t h e  p r e s e n c e  o f  D-g.lucose 

snd t h e  3 r o ~ o s e d  s t r u c t u r e  was based mainly  on UV. I R ,  NMR and 

h!S d a t a  of  t h e  f r e e  a l k a l o i d ,  i t s  t e t r a -  and p e n t a - a c e t a t e  d e r i v a t i v e .  

- ,.- . . . . .  . . .  .. ~. 
5. PENTACYCLIC TYPE' . . 

. . . .  , : .- ~.: .. .> . . . .  . . . .  - - i  : . \ . A .  
. - 

D e s o x y c o r d i f o l i n e  l a c  t am (51).  .. 
' .  . '  -. . ~ . . i . .~ . ;. . , 

D e s o x y c o r d i f o l ~ i n e  l ac thm'ba$  i s o l a t e d  a s  i t s  .tdtra&&tat&, 
.% - - 8.4 - . - * - -  - . ; . .  : - .  

C 3 7 - 4 3  F N- 2 0'. 15  . 'from ~ ~ r u b e s c e i ~ ~ ( R u b i a c e a e )  and' aSs&nsd 
. . - . .-  5~ . ' i i ir . . E .  e,: 1j.e': 

s t r u c t u r e  ( 5 1 ) .  



The W spectrum w i t h  a l k a l t  gave a 3-carboxy-p-carboline type 

chromophore, and was evidence of a lactam. The t ransformation of 

(62)  t o  (63)  was chemical evidence of t h i s  lactam System. 

The h 3  gave t h e  expected g lgcos id i c  and P-carboline fragmentat ion,  

and a s t rong  peak a t  m/e 234 (C15H10N20) was a t t r i b u t a b l e  t o  ion  

(54). 

Compound (65 ) ,  namely 2-carbomethoxy-4,5-dihydroc8nthin-6-one 

was synthesised by heat ing Nb- succinamide of  methyl t ryptophanate 

w i t h  POC13 and V205 i n  polyphosphoric ac id  i n  order  t o  confirm 

t h e  W assignment. The authorsa4 suggested t h a t  desoxycordi- 

f o l i n e  lactam was biosynthesised from the  a lka lo id  (66)  by 

nuc leoph i l i c  a t t a c k  a t  the  C-22 e s t e r  func t ion  i n  t h i s  g lycos id l c  

precursor .  COON 
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A b i o g e n e t i c  r e l a t i o n s h i p  between d e s o x y c o r d i f o l i n e  l ao tam,  

a d i f o l i n e  ( 6 8 )  and d e s o x y a d i f o l i n e  ( 6 9 )  was a l s o  drawn, i n  t h a t  

t h e  ag lycone  of (66)  i s  i n  e q u i l i b r i u m  w i t h  t h e  ring-opened form 

where a p r o t o t r o p i c  s h i f t  can o c c u r  t o  g i v e  an a , @ - u n s a t u r a t e d  

a ldehyde  ( 6 7 ) .  An a l t e r n a t i v e  a t t a c k  by N - 1  on C-19 and r e c l o s u r e  

of t h e  h e t e r o c y c l i c  r i n g  would t h e n  g e n e r a t e  ( 6 9 )  d i r e c t l y  and ( 6 8 )  

a f t e r  f u r t h e r  o x i d a t i o n .  

A d i f o l i n e  ( 7 0 )  

A d i f o l i n e  co-occdrs w i t h  d e s o x y c o r d i f o l i n e  i n  Adina c o r d i -  
85 ,86  8 5 

f o l i a  (Rubiaceae)  - . E a r l i e r  workers  sugges ted  C22H20N208 

a s  t h e  molecu la r  f o r m u l a ,  and showed i t  was a  5 - c a r b o l i n e  d e r i v -  

t i v e .  b u t  more r e c e n t l y  C22H20N207 has  been shown t o  b e  t h e  c o r r e c t  

m o l e c u l a r  fo rmula .  Methy la t ion  y i e l d e d  t r i m e t h y l a d i f o l i n e ,  where- 

as a c e t y l a t i o n  gave a d i a c e t a t e ,  and s o  i n d i c a t e d  a carboxy group 

and two p h e n o l i c  and/or e n o l i c  f u n c t i o n s .  



Reduction exper i&ents  ' in  ' c o n j u n c t i o n ~ ~ w i t h i  W. ' and  IR s t u d i e s  i n d i -  

c a t e d  a :R-alkoxy-a;,@-unsaturated'. es te ' r ,  -and.  a 'ba thochromic  ' s h i f t :  

in. a c i d ' s u g g e s t e d ;  a '8ubs tT tu ted  3-carboxy-P-carbolihe ctiromophore. 

Adif'ol'ine- was r e a d i l y  dehydrate.d.. t o  a n h y d r o a d i f o l i n e  (7l)'.and;.NMR, 

andC:.MS s tud ies 'on ; ;  t h i s ~ ~ c o m p o u n d ' a s i  w e l i  a s  : a d i f o l i n e .  i t s k l f .  f u l l y  

.:supported: t h e ;  proposed:> s t r u c t u r e . [  1 k 1  ...': : .. ( , .  ~ . , , . . . , ;  , , >  ,.. .,.- . , . ,. 

, .,...., * , , ,  .,>: .>,, ', . : " ; : ' . I ,  
& '. ~ 10-Desoxgadifol ine  ( 7 2 )  

Also i n  Adina c o r d i f o l i a  (Rubiaceae)  Is t h e  a l k a l ' o i d ~ ~ ~ l O . ~ ~ ; . ~ . : ' , ~  

desdxyad~fpxine~l . i ; . :~hy~si 'caa~data~jwere:  . ,- . . . u t i l i z e d  . f o r n s t r u i : t h r a l  
, L  ..:& 

elu.~idati'on:' iIni the jca<ed  of. t h e  NNX d a t a ,  t h e s e  were mainly  on ..: 

t h e  me.thyla3;ed. a n d - a c e t y l a t e d  a e r i v a t i v e s  .-' . : * - ~  . ~ 

.,, . , ,  v - "  :.,,.,, , _ .r I .  - :  . .  , . 
" 3 ,  K 5'. 6 -~e&ad&hfdrd t&lbo t ine  ( 7 3 )  ." >>,. ? ,  , ? , . . ..~.Q .-.. i . .. . , . . ,  ,-,*,.,.-,:.:>-:* : . . .  . ,  8 . .  

P le locar-pa  talb'o."t':ii ( ~ ~ o i y i a c e a e ) '  has'  yidldeb.  te&ad6hydrb- 
,- . ,. .. - . .. . , , . ., . 87 ; - -' " , . . . . .  .. , . . , .  

.' . . ., , .:, - . . . . .. 
t a l b o t i n ' e  ( 7 3 )  . 

.:r ) 
determined by I R ,  UV,  ORD ah$ MS d a t a .  i .  

. _  . .  <:.. =:.f.p - ,  

6 .  ANHYDRONJUhr, 

Mel inonine  E. ( 7 4 )  - 
This  a l k a l o i d  was i s o l a t e d  from S t rychnos  m e l i n o n i a n a  

60 
( S t r y c h n a c e a e )  . The s t r u c t u r e  ( 7 4 )  was proposed on e x t e n s i v e  
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UV s t u d i e s  which  u t i l i z e d  a p p r o p r i a t e  mode l s .  

S imple  c h e m i c a l  t r a n s f o r n a t i o n s  s u c h  as a c e t y l a t i o n  t o  c o n f i r m  t h e  
60 

p r i m a r y  a l c o h o l  were  pe r fo rmed  . 
B l e e k e r i n e  ( 7 5 )  

88 
R l e e k e r i a  v i t i e n s i s  (Apocynaceae)  produced b l e e k e r i n e  . 

The n a s s  s p e c t r u m  ( ~ + 4 0 8 )  showed l i t t l e  f r a g m e n t a t i o n  and c o n f i r m s  

t h e  c o n j u g a t e d  n a t u r e  o f  t h e  m o l e c u l e .  Reduc t ion  w i t h  NaBH4 i n  

m e t h a n o l  y i e l d e d  i s o r e s e r p i l i n e ,  and t h e  s t r u c t u r e  p roposed  was 

s u b s t a n t i a t e d  by  NKR s t u d i e s  ( s e e  a b o v e , ( 7 5 ) ) .  Lead t e t r a a c e t a t e  
8 8  o x i d a t i o n  p roduced  t h i s  a l k a l o i d ,  a l b e i t ,  i n  low y i e l d  . 

k l s t o n i n e  ( 7 5 )  

T h i s  C21H20A203 a l k a l o i d  h a s  s o  f a r  been  i s o l a t e d  f rom 

s e v e r a l  p l a n t s ,  namely A l s t o n i a  c o n s t r i c t a  (Apoc:ynaceae). 2 a u v o l f i a  

h i r s u t s .  R.  o b s c u r a ,  R. v o m i t o r i a  (ADoc!ynaceae) end  V i n c s  r o s e a  

3 ( C s t h a r a n t h a c e a e )  . A c r o s s  s t r u c t u r e  was n roposed  i n  1953" and 
90 

1 9 5 1  . b u t . t h e  s t e r eochemis t r : :  shown i n  s t r u c t u r e  ( 7 6 )  w a s  b a s e d  

on work by W e n k e ~ t  and h i s  group91. I n  b o t h  t h i s  c a s e  and  t h a t  of 

t h e  f o l l o w i n g  a l k a l o i d  s e r p e n t i n e .  p a l l a d i u m - m a l e i c  a c i d  dehydro-.  

g e n a t i o n  e x p e r i m e n t s  which  are of g e n e r a l  use i n  d e t e r m i n i n g  t h e  

s t e r e o c h e m i s t r y  of c e r t a i n  i n d o l e  a l k a l o i d s ,  were  used .  



I n  e a r l i e r  work l e a d i n g  t o  a  s t r u c t u r a l  p r o p o s a l ,  Sharp  showed 
92 

t h a t  se len ium dehydrogena t ion  y i e l d e d  a l s t y r i n  ( 7 7 )  . 
S e r u e n t i n e  (75) 

S e r p e n t i n e  h a s  been i s o l a t e d  from R a u v o l f i a  h i r s u t a , s .  

f r u t i c o s a ,  3 .  h e t e r o o h y l l a ,  g .  l i g u s t r i n a ,  R. s e l l c w i i ,  g.  

s e r n e n t i n a .  2 .  micran tha .  R .  sumatrana (Apocynaceae).  Vinca 
3 minor and V. r- ( C a t h a r a n t h a c e a e )  . 

This  a l k a l o i d  showed a UV, Amax 252 nm ( l o g  c 4 .49) ,  308(4 .30) ,  

370(3.61) and many s i m p l e  chemica l  t r a n s f o r m a t i o n s  s u c h  as b a s e  

h y d r o l y s i s  and r e d u c t i o n s  were  c a r r i e d  o u t  by S c h l i t t l e r  and co- 

workersg3:.. Th i s  a l k a l o i d  has  been p repared  from a j r n a l i c i n e  ( 7 9 )  b~  

o x i d a t i o n  w i t h  l e a d  t e t r a a c e t a t e ,  a  p r c o e s s  which  can be  r e v e r s e d  
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by c a t a l y t i c  r e d u c t i o n  94 .  S e r p e n t i n e  has  been t h e  s u b j e c t  of 
95-98 

s e v e r a l  b i o s y n t h e t i c  s t u d i e s  

w o 1 2 . 3 - n 1 0 v r i d o c o l i n e  (80)  and Dihydroindolo~yridocoline ( 8 1 )  

I s o l a t e d  from Gonioma kamassi  (Apocynaceae) t h e s e  two anhydronium 
99 

b a s e s  occur  i n  o n l y  small amounts . S t r u c t u r a l  a s s ignment  was 

made w i t h  t h e  a i d  of mass s p e c t r o m e t r y .  Both b a s e s  showed poor  

f r a g m e n t a t i o n .  Compound (80) showed a m o l e c u l a r  i o n  a t  m/e 218 

( b a s e  peak)  and t h e  o t h e r  s i g n i f i c a n t  i o n s  appeared a t  m/e 109 

(M++). 190,  1 9 1  and 192,  t h e  las t  t h r e e  b e i n g  due  t o  t h e  l o s s  of  

H2CN,  HCN and C 2 H 2  ( 8 1 )  showed i o n s  a t  m/e 220 (M+) ,  219 ( b a s e  

p e a k ) .  110 (MC+), 109.5  (21g2+)  and s m a l l  peaks  a t  m/e 191,  192,  

(219-H2CN) and 219-HCN r e s p e c t i v e l y .  Reduct ion w i t h  z i n c  powder 

gave  a  m i x t u r e  of p r o d u c t s  whose MS had 4 o r  6 hydrogens more t h a n  

s t a r t i n g  m a t e r i a l .  and some peaks  were c h a r a c t e r i s t i c  of  a  t e t r a -  

hydro-fl-carboline m o i e t y .  

F l a v o p e r e i r i n e  (Mel inonine  G) ( 8 2 )  

Th i s  C H N a l k a l o i d  was i s o l a t e d  from G e i s s o s ~ e r m u m  17 1 4  2  
3 l a e v e  ( ~ p o c y n a c e a e )  and S t rychnos  m e l i n o c i a n a  ( S t r y c h n a c e a e )  . 



The UV, hnax , 230 nm'(1og : 4:40) .  2 3 8 ( 4 . 4 3 ) ,  2 4 8 ( 4 . 3 9 ) .  294(4 .14 ) ,  

3:1(4.Z:). 396(4 .14 )  had i t s  s t r u c t u r e  e l u c i d a t e d  by two r e s e a r c h  
1 0 0 , 1 0 1  

g r o u p s  . S e v e r a l  s y n t h e s e s  have been  r e p o r t e d  t o  conf i rm 
,102-109 

t h i s  s t r u c t c r e .  Two of t h e  most  r e c e n t  of t h e s e  w i l l  b e  d i s c u s s e d  

h r i e f l y .  The method used  by Ban and seo109 ?an  b e  sumrrar i sed  as 

f o l l o w s :  3- (2-bromoethyl ) - indole  ( 8 1 )  was condensed  w i t h  Z-chloro- 

5 - e t h y l p y r i d i n e  ( 8 4 )  t o  g i v e  ( 8 5 )  d i r e c t l y ,  p r o b a b l y  v i a  ( 8 5 ) .  

Oehydrogena t ion  . . a f f o r d e d  f l a v o p e r e i r i n e  p e r c h l o r a t e  (82A).  . . . .  . ,  . 
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I n  t h e  s e c o n d .  c o n d e n s a t i o n  o f  t h e  a . 0 - u n s a t u r a t e d  k e t o n e .  (57 )  - 

w i t h  d i h y d r o - 0 - c a r b o l i n e  ( 8 8 )  a f f o r d e d  ( 8 9 )  i n  good . y i e l d . -  Vfolff- 

K i s h n e r  r e d u c t i o n  o f  t h i s  p r o d u c t  f o l l o w e d  by  d e h y d r o g e n a t i o n  g a v e  

110  f l a v o p e r e i r i n e  . 

( 8 7 )  

S e m p e r v i r i n e  ( 9 0 )  

S e m p e r v i r i n e  ( 9 0 )  h a s  been  i s o l a t e d  f rom Gelsemium e l e g a n s ,  

G_. s e m p e r v i r e n s  ( L o g a n i a c e a e ) ,  Nos tuea  b u c h h o l z i i  and ~ . s t i m u l a n s  

3 ( L o g a n i a c e a e )  . 

111 
S t r u c t u r a l  p r o p o s a l s  were  b a s e d  on work from 'Woodward's l a b o r a t o r y  

and t h e r e  a r e  f o u r  r e p o r t s  o f  s y n t h e s e s  112-115. The ~ e n e r a l  method 

used  e a r l i e r  by Ban and ~ e o l ' ~  was e x t e n d e d  t o  t h e  s y n t h e s i s  of 

sempervi r ine115.  3 - ( 2 - B r o ~ r o e t h y l ) i n d o l e  was condensed  w i t h  

3-chloro-5,6,7,8-tetrahydroisoquinoline and t h e  p r o d u c t  c y c l i s e d  

w i t h  P0C13. The f i n a l  s t e p  i n v o l v e d  d e h y d r o g e n a t i o n  u s i n g  t e t r a -  

ch lo ro -o -benzoqu inone .  



F l a v o c a r ~ i n e  ( 9 1 )  

P l e i o c a r v a  m u t i c a  (Apocynaceae)  is t h e  o n l y  p l a n t  r e p o r t e d  
108  

s o  f a r  which  c o n t a i n s  f l a v o c a r p i n e  . T h i s  y e l l o w  z w i t t e r i o n i c  

s u b s t a n c e  c o u l d  b e  deca rboxy  l a t e d  t o  y i e l d  f l a v o p e r e i r i n e .  A 

d e t a i l e d  s t u d y  o f  i t s  UV i n  c o n j u n c t i o n  w i t h  a p p r o p r i a t e  models  

e s t a b l i s h e d  t h e  l o c a t i o n  of  t h e  c a r b o x y l i c  g roup .  The s t r u c t u r a l  

p r o p o s a l  was s u p p o r t e d  by NMR d a t a  and MS s t u d i e s ,  e s p e c i a l l y  on 

t h e  r educed  compound. S t r u c t u r a l  c o n f i r m a t i o n  was f i n a l l y  by 

s y n t h e s i s .  T h i s  i n v o l v e d  c o n d e n s a t i o n  of  3 - ( 2 -  brornoethy1) indole  

w i t h  4-carboxamido-2-chloro-5-ethylpyridine and t h e n  dehydrogena- 

t i o n ,  h y d r o l y s i s  and t h e n  p a s s a g e  t h r o u g h  i o n  exchange  r e s i n  t o  

y i e l d  t h e  n a t u r a l  p r o d u c t .  T h i s  a p p r o a c h  is  a n  a p p l i c a t i o n  o f  t h e  

109 . Ban-Seo method . 
7 .  DIMERIC ALKALCIDS 

S e r a e n t i n i n e  ( 92 )  

S e v e r a l  R a u v o l f i a  s p e c i e s  c o n t a i n  t h i s  a l k a l o i d ,  namely E. 
d e g e n e r i .  2. l i n g u s t r i n a ,  2 .  m a u i e n s i s ,  R . s a n d w i c e n s i s .  A. s e r p e n -  

t i n s .  R t e t r a u h y l l a  and 2. v o c i t o r i a .  - - 3 

E a r l y  x o r k  on t h i s  d i o e r i c  a l k a l o i d  i n v o l v e d  s e l e n i u m  

d e h y d r o g e n a t i o n  t o  y i e l d  a l s t y r i n e  ( 7 7 )  which  was o b t a i n e d  a l s o  

from a l s t o n i n e  ( 7 6 )  unde r  similar c o n d i t i o n s .  A l so  KOH f u s i o n  
93 

g a v e  indo le -2 -ca rboxy l i c  a c i d  and l-oxo-1.2-dihydro-0-oarboline. . 
The UV of t h i s  d e e p - y e l l o w  b a s e  was v e r y  i n s t r u c t i v e  i n  t h a t  i t  

s u e g e s t e d  a n  a d d i t i o n  s p e c t r u m  o f  a l s t o n i n e  and a yohimbine- type  

conpound,  and a l s o  i n d i c a t e d  t h e  p r e s e n c e  of o n l y  one  p-alkoxy- 

a c r y l i c  e s t e r  f u n c t i o n .  T h i s  a l k a l o i d  and i t s  d e r i v a t i v e s  have  

been  s u b j e c t  t o  e x t e n s i v e  220 IvXz NMR and MS a n a l y s i s ,  and i n  t h e  

c a s e  of t h e  l a t t e r ,  some d e u t e r a t i o n  e x p e r i m e n t s  as w e l l .  An e a r l y  
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s t r u c t u r a l  proposa l  involved a  l i n k  between C-17 and C-14' of 

the  two u n i t s ,  but  a s  pointed out  i n  a  comprehensive review of a l l  
116 

the  a v a i l a b l e  evidence . f u r t h e r  d a t a  a r e  requi red  f o r  s t r u c t u r a l  

confirmation,  and t h e  p a r t i a l  s t r u c t u r e  (92) is the  c u r r e n t  

s i t u a t i o n .  

Usambarensine (93)  

A second dimeric  s t r u c t u r e  conta in ing  t h e  p-carboline moiety 

i s  usambarensine. It co-occurs wi th  5,6-dihydrousambarensins and 

t h e i r  quaternized-N-methylated d e r i v a t i v e s  i n  Strychnos usambarensis 

(Strychnaceae) .  S t r u c t u r a l  assignment was based on MS, UV and I R  

data117. 
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