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STUDIES ON THE C H E M I C A L  CONSTITUENTS O F  THE SEEDS O F  PEGANUM HARMALA: 

ISOLATION AND STRUCTURE ELUCIDATION OF TWO B-CARBOLINES - HARMALACININE 

AND NORHARMINE 
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A b s t r a c t  - A new t e t r a c y c l i c  8 - c a r b o l i n e ,  h a r m a l a c i n i n e ,  has  been iso- 
l a t e d  from t h e  s e e d s  o f  Peganum harmala ,  a l o n g  w i t h  norharmine ,  and t h e i r  
S t r u c t u r e s  e l u c i d a t e d  as  I  and I 1  r e s p e c t i v e l y  t h r o u g h  s p e c t r a l  s t u d i e s .  

I n  c o n t i n u a t i o n  o f  s t u d i e s  i n  t h e  c o n s t i t u e n t s  o f  P .harmala  (Zyeophylaceae)  s e e d s ,  1- 3  

two minor 0 - c a r b o l i n e s ,  h a r m a l a c i n i n e  andnorharmine  have been i s o l a t e d  from t h e  neu- 

t r a l  f r a c t i o n .  The s t r u c t u r e s  o f  t h e s e  c o n s t i t u e n t s  have been de te rmined  as  I and 

I 1  r e s p e c t i v e l y  th rough  s p e c t r a l  s t u d i e s .  P r i o r  t o  t h e  i s o l a t i o n  of  I  o n l y  

one t e t r a c y c l i c  e - c a r b o l i n e  l a c t a m ,  harmalan ine  (III)(16-nor-harma1acinine)has been re- 

p o r t e d  from P . h a r m a l a ,  a s  a major  c o n s t i t u e n t  a l o n g  w i t h  h a r m a l a c i d i n e 3  ( I V ) .  Pre- 

v i o u s l y ,  Simple B - c a r b o l i n e s  and q u i n a z o l i n e  t y p e  of  a l k a l o i d s  were i s o l a t e d  from 

t h e  ~ l a n t . ~ - '  

H a n a l a c i n i n e  ( I ) h a s  m o l e c u l a r  fo rmula  C17H16N202 ( M +  2 8 0 . 1 2 1 3 ) .  I t s  uv spec t rum 

showed maxima a t  205,  290,  325,  370 nm i n d i c a t i n g  t h e  p r e s e n c e  o f  e - c a r b o l i n e  skele-  

t o n 7  w h i l e  t h e  i r  spec t rum d i s p l a y e d  peaks  a t  3450 (NH). 3200 ( a r o m a t i c  r i n g ) ,  2910,  

2850 (C-H) 1680 ( a m i d e ) ,  1630 (NF b e n d i n g )  1460-1600 ( a r o m a t i c  r i n g )  and 1100 ( C - 0 ) .  

I t 5  mass spec t rum showed s i g n i f i c a n t  f ragments  a t  m/z 265.0945 a n d  173 .0839  ( a )  c o r r e s -  

ponding t o  t h e  l o s s  o f  CA3 and C H NO. The ' H - n m r  spec t rum showed a double double t  
6 5  

a t  6 6 . 7 9  ( J = 8 . 5 ,  2 .U) and two d o u b l e t s  a t  6 6 . 8 1  ( J = 2 . 0 )  and 7 .48  ( .7=8 .5)  a t t r i b u t -  

a b l e  t o  H-10, H-12 and H-9 r e s p e c t i v e l y .  I t  a l s o  e x h i b i t e d  two,  two-proton rnultip- 

l e t s  a t  6 3 . 2 8  and 4 .44  which were a s c r i b e d  t o  H-6 and H-5 r e s p e c t i v e l y ,  and a three-  

p r o t o n  s i n g l e t  a t  6 3 . 8 6  due t o  a methoxy group .  I t  f u r t h e r  showed a one-proton 

s i n g l e t  a t  6 7 . 6 0  which is exchangeable  w i t h  D 2 0  and is t h u s  a s s i g n e d  t o  t h e  i n d o l i c  

I NH. The H-nmr spec t rum a l s o  showed two d o u b l e t s  ( J=2 .5Hz)  a t  6 6 . 0 5  and 6 . 7 1 w h i c h  

were a s s i g n e d  t o  H-14 and H-16 r e s p e c t i v e l y  i n  r i n g  D. These 'H-nmr s p e c t r a l  data 

a r e  Comparable w i t h  t h o s e  of  harmalan ine3  (111)  ( t a b l e  I )  and were confirmed through 

1 
COSY-45 Spectrum and H-'ti homonuclear  d e c o u p l i n g  e x p e r i m e n t s .  The cosy-45 p l o t  showed 

th rough  bond i n t e r a c t i o n s  o f  H-9 w i t h  H-10, and H-6 w i t h  H-5. However, t h e  s i g n a l  



flagmen t  
9 "7 

of  H-15 i n  harmalan ine  was r e p l a c e d  by a methyl  g roup  s i n g l e t  n t  6 2 . 4 6  i n  I which 

s u g g e s t e d  t h e  p r e s e n c e  of -&=cH-CCH =CH-CO-I!- g roup  i n  ring-D which was conf i rmed  by 
3 

t h e  d o u b l e  resonance e x p e r i m e n t s .  Thus i r r a d i a t i o n  a t  6 6 . 0 5  r e s u l t e d  i n  t h e  c o l l a p s e  

of t h e  d o u b l e t  a t  6 6 . 7 1  t o  a s i n g l e t  and  v i c e  v e r s a .  I n  t h e  l i z h t  o f  t h e s r  

Observations and 13C-nmr s p e c t r a l  d ? + a  s r r u c t u r e  I was a s s i g n e d  t o  harmala-  

c i n i n e .  

8 -Carbo l ine  ( 1 I ) h a s  the compos i t ion  C H N 0  on  t h e  b a s i s  of mass s p e c t r o m e t e r y  (hli 12 10 2 

mje 1 9 8 . 0 7 9 3 ) .  I t s  uv s p e c t r u m  showed maxima a t  2 2 5 ,  2 5 6 ,  285 ,  325 ,  and 370 nm 

c h a r a c t e r i s t i c  of 0 - ~ a r b o l i n e s . ~  I t s  i r  spec t rum d i s p l a y e d  peaks  a t  3000 ( a r o m a t i c  

CH), 2920 ( a l i p h a t i c  CH), 1615 (NH-bending) ,  1450-1600 ( 4  p e a k s ,  a r o m a t i c  r i n g )  and 

1100 ( C - 0 ) .  A l l  t h e  9  d o u b l e  bond e q u i v a l e n t s  i n d i c a t e d  by t h e  m o l e c u l a r  fo rmula  

1 were a c c o u n t e d  f a r  by t h e  0 - c a r b o l i n e  s k e l e t o n .  The H-nmr spec t rum showed 

two one  p r o t o n  d o ~ r b l c i s  a t  6 8 . 4 8  ( J  = 4 .9Hz)  a n d  8 . 0 1  ( J = 4 . 9  Iiz) fo r  H-5 and H-6 

r e s p e c t i v e l y .  I t  a l s o  e x h i b i t e d  a double  d o u b e l t  a t  6 6 . 9 1  ( J = 8 . 3 .  2 . 0 ) ,  and two 

d o u b l e t s  a t  6 6 . 9 8  ( J = 2 . 0 H z )  and 7 . 9 9  ( J -8 .3Hz)  a t t r i b u t a b l e t o  H-10, H-12 and H-9 

r e s p e c t i v e l y  and a t h r e e - p r o t o n  s i n g l e t .  aL 6 3 . 9 3  due t o  t h e  methony g r o u p .  T h e  
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la-nmr s p c o t r a l  d a t a  a r e  comparable w i t h  t h o s e  of h a m i n e  and harm01 ( t a b l e  I ) ,  

however ,  i n  I1 t h e  s i g n a l  f o r  C-3 methyl  g roup  i s  a b s e n t ,  and i n s t e a d  t h e  pre -  

1 s e n c e  of  a p r o t o n  ( 6  8 . 5 0 s )  a t  C-3 was e x h i b i t e d  by t h e  H-nmr spec t rum.  On the  

b a s i s  o f  t h e s e  s p e c t r a l  d a t a  and mass f r a g m e n t s  ( s e e  e x p e r i m e n t a l )  s t r u c t u r e  I1 

h a s  been a s s i g n e d  t o  t h i s  6 - c a r b a l i n e  which i s  i d e n t i c a l  w i t h  norharmine .  I t  i s  

t h e  f i r s t  i n s t a n c e  of  i s o l a t i o n  of  norharmine  from a  n a t u r a l  source  a l t h o u g h  a 

number o f  3-nor-B-carbol ines have been r e p o r t e d  a s  n a t u r a l  p r o d u c t s .  Norhar 

mine h a s  p r e v i o u s l y  been o b t a i n e d  as a  s y n t h e t i c  p r o d u c t .  
1 4 , 1 5  

3,16,17 
The p o s i t i o n  of  methoxy group a t  C-11 i n  h a r m a l a c i d i n e  ( I V ) ,  r e p o r t e d  e a r l i e r ,  

h a s  been f u r t h e r  c o n f i r m e d  th rough  NOE d i f f e r e n c e  s p e c t r o s c o p y .  Thus i r r a d i a t i o n  

o f  H-6 ( 6  2 . 9 2 )  gave t h e  S i g n a l  o f  H-9 ( S  7 . 4 4 ,  1 .52% NOE) and H-5 ( 6  3 . 6 1 ) ;  i n  a 

r e v e r s e  e x p e r i m e n t ,  on i r r a d i a t i o n  a t  6 7 . 4 4 .  t h e  same enhancement (1 .52%)  w a s  ob- 

s e r v e d  f o r  H-6, w h i l e  H-10 ( 6  6 . 8 0 )  was enhanced t o  4 .78%.  I r r a d i a t i o n  a t  6  3 .90  

(OCH3) gave t h e  s i g n a l s  of  b o t h  t h e  p r o t o n s  a t  C-10 ( 6  6 .60)  and C-12 (6 6 . 8 5 ) .  

For  an  e x a c t  assignment  o f  nmr chemica l  s h i f t s  f o r  C-5/H-5 and C-6/H-8 a s  w e l l  as  

o t h e r  p r o t o n s  and c a r b o n s  i n  t h i s  s e r i e s  o f  6 - c a r h o l i n e s , h e t e r o c o s y  s p e c t r a  o f  

r e a d i l y  a v a i l a b l e  a l k a l o i d s  harmine and h a r m a l i n e  have been r e c o r d e d  ( t a b l e  2 ) .  In 

t h e  h e t e r o c o s y  spec t rum of  harmine t h e  most downf ie ld  s i g n a l  a t  6 8 . 1 9  showed 

c o n n e c t i v i t y  w i t h  6 137.5 which is t h e  r e p o r t e d  chemica l  s h i f t  o f  C-5, l8  w h i l e  

t h e  p r o t o n  a t  6  7 . 8 0  was r e l a t e d  w i t h  ca rbon  a t  6 1 1 2 . 0  a s s i g n e d  t o  C-6. Simi-  

l a r l y  t h e  h e t e r o c o s y  spec t rum of  h a r m a l i n e  showed t h a t  t h e  downf ie ld  p r o t o n s  

( 6  3 . 6 5 )  a r e  l i n k e d  w i t h  t h e  carbon a t  6  4 8 . 0  which i s  a t t r i b u t a b l e  t o  C-5 (re-  

p o r t e d  v a l u e  4 1 . 6 ) 1 8  w h i l e  t h e  a r o m a t i c  methy lene  p r o t o n s  (6 2 . 7 0 )  showed through 

bond c o n n e c t i v i t y  w i t h  t h e  carbon a t  6 1 9 . 1  ( i . e .  C-6). In t h e  l i g h t  o f  t h e s e  

o b s e r v a t i o n s  t h e  more downf ie ld  chemica l  s h i f t  o f  t h e  two methylene s i g n a l s  h a s  

been a s s i g n e d  t o  H-5 w h i l e  t h e  p r o t o n s  r e s o n a t i n g  a t  r e l a t i v e l y  u p f i e l d  have been 

a t t r i b u t e d  t o  H-6. I t  may be n o t e d  t h a t  i n  t h e  case of  h a r m a l i n e . h o t h  'H and 13c 

nmr chemica l  s h i f t s  showed some d e v i a t i o n s  from t h e  r e p o r t e d  v a l u e s , 1 8  a l t h o u g h  

t h e  same s o l v e n t  (DMSO-d ) was used .  I t  h a s  been r e p o r t e d  i n  other B k x r h l i n e s  20-22,10,17 
6  

a l s o  t h a t  H-5 r e s o n a t e s  a t  downf ie ld  f o r  i n s t a n c e  i n  can th in-6-one ,19  1-ethyl-8-  

c a r b o l i n e , "  (S)-1-(  1 ' - h y d r o x y e t h y l ) .  6 - c a ~ h o l i n e . ~ ~  n a u ~ l e f i d i n e ? ~  and 9-acetamido- 

3 , 4 - d i h y d r o p y r i d o  ( 3 , 4 - 6 )  i n d o l e f O  and t h e  same h a s  been confirmed i n  t h e  c a s e  of 

h a r m a l a c i d i n e  ( IV)  th rough  NOE d i f f e r e n c e  s p e c t r o s c o p y  as d e s c r i b e d  above .  



T a b l e  1. 'F!- nmr S p e c t r a l  Data ( 6  P P m  and  J / H z )  o f  0 - C a r b o l i n e s  

1 7.603 8.03bz 5 N . O .  N .O .  9 . 8 6 b ' s  9 . 0 9 b ' s  

3 . 0.50s . 

4 5 . 5 9 b r  s 

5  4.44m 4 .42 t17 .1)  8 . 4 8 d I L 9 )  8 .19dl6 .0)  8.13d15.3) 3.61tdl7.4.1.51 

solvent used a-d CDC13, e DbISO-d6 

RO 

H  m3 H  CH 3 

H a r m i n e  R=CH 
3 H a r m a l i n e  

H a r m o l  R=H 
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1   able 2 .  2D H-13c H e t e r o n u c l e a r  C o r ~ l a t l o n  S p e c t r a l  Data o f  Harrnine and 
Harmal i n e  

Harrnine I Harrnaline 
-----------------------------------------+-------------------------------.----- 

! 
6~ c No. H / C  I 6~ 6~ 

I 

----------_--_--_-------------------------L------------------------------------- 
! 

Harmalanine ( 1 1 1 )  N a u c l e f i d i n e  



EXPERIMENTAL 

Melt ing p o i n t s  were r e c o r d e d  on an a i r  b a t h  t y p e  m e l t i n g  p o i n t  a p p a r a t u s  and are 

u n c o r r e c t e d .  Mass s p e c t r a  were run  on double  f o c u s s i n g  mass s p e c t r o m e t e r  connec-  

t e d  t o  PDP 11/34 computer sys tem.  E x a c t  mass measurements  were c a r r i e d  o u t  th rough  

peak matching.  I r  i n  (CHC1 ) and uv s p e c t r a  ( i n  MeOH) were measured on JASCO 3  

IRA-1 and uv 240 s p e c t r o p h o t o m e t e r s  r e s p e c t i v e l y .  'H And 13C-nmrcbroad hand and 

DEPT) s p e c t r a  were r e c o r d e d  on a 300 MHz i n s t r u m e n t .  13c N m r  s p e c t r a l  a s s i g n m e n t s  

have been made p a r t l y  th rough  t h e  appearance  o f  s i g n a l s  i n  t h e  DEPT spec t rum and 

p a r t l y  th rough  t h e  comparison of t h e  chemica l  s h i f t s  w i t h  t h o s e  o f  h a r m a l a n i n e .  
3  

Delay t i m e  f o r  h e t e r o c o s y  was 1 . 5  ms. The p u r i t y  o f  samples  was checked on s i l i c a  

g e l  SiF-254 p r e c o a t e d  aluminium c a r d s .  

E x t r a c t i o n  and I s o l a t i o n  o f  I and 11: Uncrusbed s e e d s  o f  Peganum harmala  ( 5  Kg) 

were r e p e a t e d l y  p e r c o l a t e d  w i t h  methanol  and t h e  dark  r e d d i s h  brown r e s i d u e  ob- 

t a i n e d  from t h e  combined p e r c o l a t e s  oil removal o f  t h e  s o l v e n t  i n  vacuo ,  was b a s i -  

f i e d  and f i l t e r e d .  The l i b e r a t e d  b a s e  f r a c t i o n  t h u s  o b t a i n e d  was r e p e a t e d l y  trea- 

t e d  w i t h  a 1:l m i x t u r e  of  5% a c e t i c  a c i d  and 5% h y d r o c h l o r i c  a c i d .  The a c i d  i n -  

s o l u b l e  p o r t i o n  was p a r t i t i o n e d  between e t h y l  a c e t a t e  and a m i x t u r e  o f  5% a c e t i c  

a c i d  and 5% h y d r o c h l o r i c  a c i d  ( 1 : l ) .  The r e s i d u e  o b t a i n e d  on removal of t h e  s o l -  

v e n t ,  f rom t h e  e t h y l  a c e t a t e  l a y e r  a f t e r  u s u a l  work u p ,  was d i v i d e d  i n t o  p e t r o l e u m  

e t h e r  s o l u b l e  and i n s o l u b l e  p o r t i o n s ,  and t h e  l a t t e r  was s u b j e c t e d  t o  f l a s h  column 

chromatography ( s i l i c a  g e l ,  CHCl and CHC13-MeOH i n  o r d e r  o f  i n c r e a s i n g  p o l a r i t y ) .  3  

The i n i t i a l  CHC13 e l u a t e  a f f o r d e d  a f r a c t i o n  which f u r n i s h e d  I and I1 th rough  t h i n  

l a y e r  chromatography ( s i l i c a  g e l .  CHC13). 

Harmalac in ine  ( I )  (amorphous) ,  Eims m/z ( r e l . i n t . )  281  ( M  + 1 )  ( 7 )  280.1213 M 
+ 

( c a l c d  f o r  C17H16N202 280.1212) ( 5 6 ) .  265.0945 (M+-15) ( 1 4 1 ,  2 5 0 ( 6 ) ,  2 4 9 ( 2 ) ,  

2 3 7 ( 2 0 ) ,  2 1 5 ( 1 4 ) ,  2 0 7 ( 1 3 ) ,  1 9 9 ( 8 ) ,  173 .0839  (CllHllNO. fragment  a )  (SO) ,  1 5 9 ( 1 4 ) ,  

1 5 8 ( 1 3 ) ,  1 4 5 ( 1 8 ) ,  142 .0724  (CllHlO) ( l o ) ,  119.0859 ( C g ~ l l )  (ZG),  1 0 7 ( 3 0 ) ,  1 0 6 ( 2 0 ) ,  

92 .0611  (C7H8), 5 5 ( 1 0 0 ) .  13c N m r  (6). 1 6 7 . 0  (C-17) ,  1 5 7 . 5  (C-11) ,  1 5 5 . 0  (c-31, 

1 3 8 . 0  ( c - 1 5 ) ,  137 .2  (C-13) ,  1 3 7 . 0  (C-2) ,  1 2 7 . 8  (C-8) ,  1 2 1 . 4  (C-g) ,  1 1 8 . 0  (C-16) ,  

1 ( c )  111 .9  ( c - l o ) ,  1 0 1 . 1  ( C - 1 4 ) ,  9 8 . 0  (C-12) ,  5 5 . 6  (OCH3), 48 .2  (C-51, 

2 2 . 7  (C-6) and 1 4 . 1  (C3-CH3). 

Noharmine (11) (mp 2 1 3 - 2 1 5 ~ ~ )  Eims m/z ( r e l . i n t . )  199 ( M  + 1) (GLio), 198 .0793  M+ 

( c a l c d  f o r  C12H10N20 198.0793) ( 4 6 ) ,  1 9 7 ( 1 4 ) ,  1 8 3 ( 1 2 ) ,  1 7 1 ( 2 ) ,  1 7 0 ( 5 ) ,  1 6 7 ( 6 ) ,  

1 5 8 ( 2 ) ,  155.0603 ( M + - C ~ H ~ O )  ( 1 9 ) .  1 4 6 ( 8 ) ,  1 3 4 ( 1 0 ) ,  127.0425 ( M + - O C H ~ - C ~ H ~ N )  ( 1 4 ) ,  
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77(18), 69(64), 67(40), and 55 (100). 
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