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Abstract - Two 8-carboline lactams harmalanine and harmalacidine have 
been isolated from the seeds of Peganum harmala and their structures were 
elucidated as I and I1 respectively through chemical and spectroscopic 
studies. In the case of I, which is the simplest tetracyclic B-carboline 
lactam from any source, detailed nmr ('H and 13C) investigations including 
noe difference. 2D nmr (cosy-45, noesy, 3-resolved) double resonance ex- 
periments and l H - ' 3 ~ - h e t e r o - ~ ~ ~ ~  measurements have been used. 

Peganum harmala (Zygophylaceae) known in vernacular as harmala, is commonly found 

in Indo-Pakistan subcontinent and other parts of ~sia.'-~ Its seeds are narcotic, 

anthelmintic, antispasmodic and employed in cases of asthma and rheumatism in the 

indigenous system of medicine.lj5 Recent investigations have revealed that its 

main alkaloids, harmine, harmaline and tetrahydroharmine which belong to the category 

of hallucinogenics, are also potent reversible inhibitors of monoamine oxidase. 6 

Further, alkaloids of Peganum harmala were found to possess antimicrobial a c t i ~ i t ~ . ~ ' ~  

More recent studies undertaken by Siddiqui et al. in the seed of Peganum harmala 

resulted in the isolation and structure elucidation of two new simple 8-carhaline 

alkaloids harmalldine7 and harmallcine.' The present paper deals with the isolation 

of two 8-carboline lactams harmalanine and harmalacidine from the seed and with 

their structure elucidation through chemical and spectral studies. Harmalanine (I) 



i s  t h e  f i r s t  i n s t a n c e  o f  t h e  i s o l a t i o n  of  a  t e t r a c y c l i c  6 -carbo l ine  l a c t a m  w i t h o u t  

any s u b s t i t u t i o n  i n  r i n g  D from any s o u r c e ,  a l t h o u g h  a  s i m i l a r  l a c t a m  w i t h  an  a l d e -  

hyde f u n c t i o n  a t  C-14 ( n a u c l e f i d i n e )  h a s  been i s o l a t e d  e a r l i e r . 9  The second cons- 

t i t u e n t ,  h a r m a l a c i d i n e  (11) which i s  a  s i m p l e  6 - c a r b o l i n e  h a s  p r e v i o u s l y  been r e -  

p o r t e d  from B a n i s t e r i o p s i s  c a a p i . 1 °  P r i o r  t o  t h e s e  s t u d i e s  o n l y  one t e t r a c y c l i c  8- 

c a r b o l i n e  b a s e  namely h a r m a l i d i n e 7  h a s  been r e p o r t e d  from Peganurn harmala ,  i n  which 

t h e  f o u r t h  r i n g  was l o c a t e d  a t  C-3 and N a ,  w h i l e  t h e  o t h e r s  r e p o r t e d  e a r l i e r  f rom 

t h i s  s o u r c e  were s i m p l e  t r i c y c l i c  8 - c a r b o l i n e s  1-5,11,12 and quinazoline3-5,13,14 

t y p e  of  a l k a l o i d s .  Harmalanine may be c l a s s i f i e d  among t h e  non- i soprena id  t r y p t o -  

phane ( i n d o l o q u i n o l i z i d i n e  group)  a l k a l o i d s ,  b i o s y n t h e s i z e d  t h r o u g h  t h e  c o n d e n s a t i o n  

o f  f i v e - c a r b o n  u n i t  w i t h  t r y p t o p h a n  moie ty .15  On t h e  o t h e r  hand,  i t s  f o r m a t i o n  i n  
, 

n a t u r e  may a l s o  be c o n s i d e r e d  from a  corynanthe  s k e l e t o n  t h r o u g h  t h e  removal  o f  

t h r e e  ca rbons  from C-15 and two carbons  from C-16. A b iomimet ic  t r a n s f o r m a t i o n  o f  

4,21-dehydrogelssoschizine i n t o  5,6-dihydroflavopereirine, t h r o u g h  elimination o f  

t h r e e - c a r b o n s  from C-15, h a s  been demons t ra ted  e a r l i e r . 1 6  It i s  no tewor thy  i n  t h i s  

c o n t e x t  t h a t  harmalan ine  can s e r v e  a s  an  i m p o r t a n t  i n t e r m e d i a t e  i n  t h e  s y n t h e s i s  o f  

p e n t a c y c l i c  Corynanthe - Yohimbe t y p e  o f  a l k a l o i d s .  17 ,18  

The pharmacolog ica l  s i g n i f i c a n c e  o f  t h e  Peganum h a r m a l a . a l k a l o i d s  s t a t e d  a t  t h e  o u t  

s e t  and t h e  f a c t  t h a t  v a r i o u s  o t h e r  8 - c a r b o l i n e s  p o s s e s s  d i v e r s e  b i o l o g i c a l  a c t i -  

v i t y  2,3319-23 r a n g i n g  from a n a l g e s i c , 2 1  a n t i m i ~ r o b i a l ~ ' ~  and a n t i t u m o u r 2 2  p r o p e r -  

t i e s  s u g g e s t  t h a t  harmalan ine  and h a r m a l a c i d i n e  might  s h a r e  t h e s e  e f f e c t s .  

The c rude  b a s e  f r a c t i o n  o b t a i n e d  from t h e  e t h a n o l i c  e x t r a c t  of  t h e  s e e d  o f  Peganum 

harmala  was d i v i d e d  i n t o  a c i d  ( 5 %  a c e t i c  a c i d  - 5 %  h y d r o c h l o r i c  a c i d ;  1:l) s o l u b l e  

and i n s o l u b l e  f r a c t i o n s .  The l a t t e r  on column chromatography ( s i l i c a  g e l )  fo l lowed 

by t h i c k  l a y e r  chromatography on a lumina  y i e l d e d  h a r m a l a n i n e  ( I )  and h a r m a l a c i d i n e  

(11), a s  uniform c o n s t i t u e n t s .  I hks  m o l e c u l a r  fo rmula  C16H14N202 ( h i g h  r e s o l u t i o n  

mass s p e c t r o s c o p y ) .  I t s  uv spec t rum showed maxima a t  205, 220, 270, 377, 395 nm, 

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 (N-H), 2910, 2850 ( C - H ) ,  1670 (amide 

c a r b o n ~ l ) ,  1650 (C=C), i 4 0 a - i 6 0 0  ( 4  p e a k s ,  a r o m a t i c  r i n g ) ,  1020 ( C - o ) ,  860, 840 cm-1 

1 ( a r o m a t i c  r i n g ) .  The H-nmr spec t rum o f  I showed a double  d o u b l e t  a t  5 6 .82  

(5.8.6, 2 .2 )  and two d o u b l e t s  a t  6 6.85 ( J = 2 . 2 )  and 7.45 ( ~ = 8 . 6 )  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 .  It f u r t h e r  showed two, two-proton t r i p l e t s  a t  

6 3.05 (5.7.1) and 4 . 4 2  (5.7.1) 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 .  A 

t h r e e - p r o t o n  s i n g l e t  a t  5 3.86 and a  one-proton s i n g l e t  a t  6 8 . 0 3  which i s  exchange- 

a b l e  w i t h  D20 were due t o  a  methoxy group  and i n d o l i c  NH r e s p e c t i v e l y .  These 
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Table-1 . IH-NMR S p e c t r a l  Data (6H ppm and J / H d  of 6-Carbol i nes  

Pro- Harmal ine7 Tet rahydro -  Harmalanine (I) Harma lac id ine  JTI IV* 
tons  harminee !TI)* 

1 8.17brs 9.67brs 8.03brs 9.09brs 8.80brs 8.61brs 

3 4.07q(6.63 

4 5.59br.s - 7. lObrs 

5 3.81t(8.5) 3.20m 4.42t(7.1) 3 .0 l t (7 .4 )  4.22m 4.20t(6.0) 

6 2.93t(8.5) 2.61m 3.05t(7.1) 2.29t(7.4) 3.64m 3.51 t (6 .0 )  

9 7.45d(8.9) 7.25d(8.5) 7.45d(8.6) 7.44d(3.8) 7.45m 7.40d(7.0) 

l o  6.80dd(8.9,2.1)6.63dd(8.5,2.2) 6.82dd(8.6,2.2) 6.80dd(8.8,2.1) 6.82m 6.92dd(7.0.2.1) 

12 6.93d(2.1) 6.83d(2.2) 6.85d(2.2) 6.85d(Z.i) 6.89m 6.99d(2.1) 

14 2.575 1.38d(6.63 6.21dd(6.8.1 .7) 6.15m 

15 7.32dd(8.8,6.8) 7.30m 

16 6.47dd(8.8,1.7) 6.38rn 

0CH3 3.845 3.75s 3.86s 3.85s 

OH 7.20 4.45 

- 
*spec t ra  recorded on a 400HHz inst rument .  

Table-2. 1 3 t - N H ~  s h i f t s  (6c/ppm) o f  8-Carbol ines 

Carbons ~ a r m a l  ine30  T e t r a h y d r o h a m i n e e  Harrnalanine (I) Harma lac id ine  111)  

a.b,c = Assignments may be  reversed. 



fragment a - fraqment d ( - 0 C H 3 )  
I 

fragment c ( a 3 )  ! - 

L 
; fragment f I - 0 C H 3 )  

:fraqment e 
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Harmalacidine (11) 
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a s s i g n m e n t s  were confirmed by ' H - ~ H  homonuclear  d e c o u p l i n g  e x p e r i m e n t s .  Thus, i r r a -  

d i a t i o n  e t  6 6.82 c o l l a p s e d  e a c h  of t h e  two d o u D l e t s  a t  6 6.85 and 6 7 .45 i n t o  a  

s i n g l e t ,  w h i l e  on i r r a d i a t l o n  a t  6 6 .85 and 7.45 t h e  d o u b l e  d o u b l e t  a t  6 6.82 was 

c o n v e r t e d  i n t o  a  d o u b l e t  w i t h  J 
9, lO 

= 8.6 and J10,12 = 2.2 r e s p e c t i v e l y .  On t h e  

o t h e r  hand,  i r r a d i a t i o n  a t  6 3.05 r e s u l t e d  i n  t l le  c o l l a p s e  of t h e  t r i p l e t  a t  6 4.42 

t o  a s i n g l e t  and v i c e  v e r s a .  The above 'H-nmr s p e c t r a l  d a t a  a r e  comparable w i t h  

t h o s e  o f  h a r m a l i n e 7  ( t a b l e  1) .  However, t h e  s i g n a l  f o r  C3 methy l  g roup  was m i s s i n g  

i n  I, and t h e  p r e s e n c e  of  a n  a d d i t i o n a l  r i n g  ( u n s a t u r a t e d  l a c t a m )  was i n d i c a t e d  

i n s t e a d  by t h e  m o l e c u l a r  fo rmula  (C16H14N202; e l e v e n  d o u b l e  bond e q u i v a l a n c e ) ,  i r  
1 ( v i d e  i n f r a )  and H-nmr s p e c t r u m .  Thus, t h r e e  m u t u a l l y  coupled  one-proton d o u b l e  

d o u b l e t s  were f u r t h e r  observed  a t  6 7.32 ( J = 8 . 8 ,  6 . 8 ) ,  6 6 . 2 1  ( J = 6 . 8 ,  1 . 7 )  and 6 6 .47  

( J = 8 . 8 ,  1 . 7 ) .  I r r a d i a t i o n  at  6 7.32 (H-15) c o l l a p s e d  e a c h  o f  t h e  two d o u b l e  doub- 

l e t s  a t  6 6 . 2 1  (H-14) and 6.47 (H-16) i n t o  a  d o u b l e t  w i t h  J14,16=1.7, w h i l e  i r r a d i a -  

t i o n  a t  6 6.47 and 6 .21  c o l l a p s e d  t h e  d o u b l e  d o u b l e t  a t  6 7.32 i n t o  a  d o u b l e t  i n  

e a c h  c a s e ,  w i t h  J 14,15=6.8, and J15,16 =R.8 r e s p e c t i v e l y .  These o b s e r v a t i o n s  i n d i -  
I I 

c a t e d  t h e  p a r t i a l  s t r u c t u r e  -N-C=CH-CH=CH-CO-k, a l s o  s u p p o r t e d  by t h e  13C-nmr spec-  
I I 

t rum (broad  band and DEPT) which showed an  amide c a r b o n y l  (,s16 163.0)  and t h r e e  

t e r t i a r y  o l e f i n i c  c a r b o n s  99.1,  615 133.6 and 616 1 1 7 . 6 )  a p a r t  from t h e  0- 

c a r b o l i n e  c a r b o n s  ( T a b l e  2). These d a t a  which a r e  comparable w i t h  t h o s e  o f  2- 

p y r i d o n e  2 4 3 2 5  l e d  t o  t h e  ass ignment  o f  t h e  f o u r t h  r i n g  a s  d e p i c t e d  i n  t h e  s t r u c t u r e  
1 I. F i n a l l y ,  t h e  H and 13c-nmr a s s i g n m e n t s  were c o n c l u s i v e l y  e s t a b l i s h e d  t h r o u g h  

two-dimensional  ' H - ~ ~ c  chemica l  s h i f t  c o r r e l a t i o n  exper iment  (hetero-COSY which 

showed c o n n e c t i v i t i e s  of C-5 (6 40.3)  w i t h  H-5 ( 6  4.421 ,  C-6 ( 6  19 .6)  w i t h  H-6 

( 6  3 . 0 5 ) ,  C-9 ( 6  120 .3)  With H-9 ( 6  7.45),C-10 ( 6  1 1 1 . 0 )  w i t h  H-10 ( 6  6 .821 ,  C-12 

( 6  94.7)  w i t h  H-12 ( 6  6 . 8 5 ) ,  C-15 ( 6  1 3 3 . 6 )  w i t h  H-15 ( 6  7 . 3 2 )  and 0CH3 ( 6  5 5 . 6 )  

w i t h  OW3 ( 6  3 . 8 6 ) .  I n  t h e . l i g h t  of  t h e  above d i s c u s s i o n  s t r u c t u r e  I h a s  been a s -  

c r i b e d  t o  h a r m a l a n i n e  which was c o r r o b o r a t e d  by t h e  s i g n i f i c a n t  f r a g m e n t s  a t  m/z 

265.0942, 251.0772, 223.0857, 222.0788, 203.0855 and 194.0895 c o r r e s p o n d i n g  t o  t h e  

l o s s  o f  H, CH CH +CO, C2H40, C H and OCH +C HO r e s p e c t i v e l y .  Demethyla t ion  of  I 3' 3  5  3  3 2  
1 w i t h  h y d r i o d i c  a c i d  y i e l d e d  I11 (M' m/z 2 5 2 ) ,  t h e  H-nmr spec t rum o f  which showed 

a  s i g n a l  a t  6 7.20 f o r  t h e  h y d r o x y l  f u n c t i o n  w h i l e  t h e  s i n g l e t  o f  t h e  methoxy g r o u p  

d i s a p p e a r e d  ( T a b l e  1). 

The m o l e c u l a r  f a r m u l a ,  C12H12N202 o f  h a r m a l a c i d i n e  I1 was d e r i v e d  t h r o u g h  e x a c t  

mass measurement o f  m o l e c u l a r  i o n  a t  m/z 216.0916. It h a s  maxima a t  220, 250, and 



Table-). Connect iv i t ies  Observed i n  the 2-dimensional ~ H - ~ H  Corre la t ion  Spectrum (Cosy-45 p l o t  o f  I) 

Protons (6)  Connected w i t h  ( 6 )  

Table-4. nOe Dif ference Spectral  Data of Harmalenine (I) 

Protons i r r a d i a t e d  (6)  Protons a f fec ted  (6)  
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315 nm i n  t h e  uv spectrum wh i l e  i t s  i r  spec t rum d i s p l a y e d  peaks a t  3400 ( N H ) ,  1560 
1 (amide I I ) ,  1680 (arnide I ) ,  1400-1610 ( 4  peaks a roma t i c  r i n g )  and 1130 cm- (C-0). 

1 The H-nmr spectrum e x h i b i t e d  a double  d o u b l e t  a t  6 6 .80 ( J=8 .8 ,  2 . 1 ) ,  two d o u b l e t s  

a t  6 6.85 ( J = 2 . 1 )  and 6 7 .44 (5=8 .8 )  a t t r i b u t a b l e  t o  H-10, H-12 and H-9 r e spec -  

t i v e l y .  Two t r i p l e t s  ( J=7 .4 )  a t  6 3 .01  and 6 2.29 have been a s s igned  t o  two s e t s  of 

e t h y l e n i c  p r o t o n s ,  H-5 and H-6 r e s p e c t i v e l y  and a t h r ee -p ro ton  s i n g l e t  a t  6 3.85 t o  

a  methoxy group.  I n d o l i c  and amide NH r e s o n a t i n g  a t  6 9.09 and 6 5.59 were exchange- 

a b l e  w i th  D20. These ass ignments  were confirmed through double  resonance  e x p e r i -  

ments. Thus, i r r a d i a t i o n  a t  6 6.80 c o l l a p s e d  each  of t h e  two d o u b l e t s  a t  6 6 .85 

and 7.44 i n t o  a s i n g l e t ,  wh i l e  on i r r a d i a t i o n  a t  6 6.85 and 7.44 t h e  double d o u b l e t  

a t  6 6 .80 was conver ted  i n t o  a doub le t  w i th  J 
9.10 

= 8 .8  and J ~ ~ , ~ ~  = 2.1  r e s p e c t i v e l y .  

On t h e  o t h e r  hand,  i r r a d i a t i o n  a t  6 3.01 r e s u l t e d  i n  t h e  c o l l a p s e  o f  t h e  t r i p l e t  

a t  6 2.29 t o  a  s i n g l e t  and v i c e  v e r s a .  These ass ignments  a r e  comparable w i th  t h o s e  

r e p o r t e d  f o r  t e t r ahyd roha rmine8  and harmal ine7  (Tab le  1). However, t h e  s i g n a l  of 

C-3 methyl  was mi s s ing  i n  11, and t h e  absence  o f  any o t h e r  p ro ton  s i g n a l ,  c a l c u l a -  

t i o n  of double  bond e q u i v a l e n t s ,  and presence  o f  one more oxygen i n  t h e  molecule ,  

l e d  t o  t h e  placement of a  ca rbony l  f u n c t i o n  a t  C-3. I n  t h e  l i g h t  of t h e s e  s p e c t r a l  

d a t a  s t r u c t u r e  o f  ha rma lac id ine  ha s  been deduced a s  I1 which was s u b s t a n t i a t e d  by 

t h e  mass spec t rum which showed s i g n i f i c a n t  f ragments  a t  m/z 201.0663, 187.0633, 

158.0605 and 144.0449 cor responding  t o  t h e  l o s s  of CH3, CH2-NH, C 2 H 4 N 0  and C H N O  3 6 
r e s p e c t i v e l y  fram t h e  molecular  i o n .  I n  conformity t o  t h i s  s t r u c t u r e ,  i t  y i e l d e d  

(I&'; M+ 202) on deme thy l a t i on ,  t h e  'a-nmr spec t rum of which showed a s i g n a l  a t  6 4.45 

due t o  OH whi le  t h e  s i n g l e t  of t h e  methoxy group d l s appea red .  F i n a l  ev idence  of  t h e  

s t r u c t u r e  was provided  by t h e  13c-nm, chemical  s h i f t s  (broad  band and DEPT) (Table  2 )  

which was n o t  r e p o r t e d  e a r l i e r .  

I n  bo th  t h e  8-carbol ines  I a n d I I ,  t h e  10-OCH reg io i somer  could  a l s o  be cons idered  3 
i n  t h e  l i g h t  o f  t h e  observed m u l t i p l i c i t i e s  i n  t h e  'H-nmr s p e c t r a  (Table  1) .  Ins -  

p e c t i o n  of t h e  Dre id ing  model a l s o  showed t h a t  n o e l s  observed  i n  I (Table  4) a r e  

p o s s i b l e  i n  bo th  t h e  i somer s .  However, a  comparison o f  t h e  chemical  s h i f t s  o f  t h e  

a roma t i c  p ro tons  p a r t i c u l a r l y  t h e  downf ie ld  d o u b l e t s  a t  6 7 .45 (J=8:6) and 7.44 

( J = 8 . 8 )  i n  I and I1 r e s p e c t i v e l y  w i t h  t h o s e  r e p o r t e d  f o r  10 and 11-OCH 
3 

i somers  7,8,10a26-28 s u g g e s t s  t h a t ' t h e  placement of methoxy group a t  C - 1 1  i s  more 

p l a u s i b l e  i n  t h e s e  c a s e s .  I n  t h e  10-0CH3 i n s t a n c e s  t h e  downfield doub le t  r e s o n a t e s  

compara t ive ly  u p f i e l d  r ang ing  f ram 7.12-7.27. 26,28 



It h a s  t o  be n o t e d  i n  t h i s  c o n t e x t  t h a t  harmalan ine  and h a r m a l a c i d i n e  were i n i t i a l l y  

o b t a i n e d  th rough  column chromatography,  showing a  s i n g l e  s p o t  on t l c  ( s i l i c a  g e l ,  

1 
CHCL3, MeOH, 9 : l ) .  However, t h e  nmr ( H  and 13c) s p e c t r a l  d a t a  i n d i c a t e d  t h a t  i t  

was a  m i x t u r e  o f  two compounds. A f t e r  t r y i n g  a  number of s o l v e n t  sys tems  on p l a t e s  

c o a t e d  w i t h  s i l i c a  g e l ,  t h e s e  were u l t i m a t e l y  s e p a r a t e d  i n t o  two bands on a lumina  

(CHC1 -MeOH 9 . 5 : 0 . 5 )  and c h a r a c t e r i z e d  a s  I and 11. 
3  

EXPERIMENTAL 

Mel t 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 a r e  un- 

c o r r e c t e d .  Mass s p e c t r a  were r u n  on d o u b l e  f o c u s s i n g  mass s p e c t r o m e t e r  connec ted  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.  Ir ( i n  CHCl ) and uv s p e c t r a  ( i n  MeOH) were measured on JASCO I R A - 1  and 
3  

Shimadzu W 240 s p e c t r o m e t e r s  r e s p e c t i v e l y .  'H-nmr s p e c t r a  were r e c o r d e d  i n  C D C l  
3  

on 300MHz and 4OOMHz i n s t r u m e n t s ,  Model Bruker  Aspect  3000 AM 300 and B r u k e r  Aspect 

3000 AM 400 s p e c t r o m e t e r s ,  w h i l e  13c-nmr ( b r o a d  band and DEPT) s p e c t r a  were r e c o r d e d  

a t  75MHz. The c h e m i c a l  s h i f t s  a r e  i n  6 (ppm) and t h e  c o u p l i n g  c o n s t a n t s  ( J )  a r e  i n  

1 H Z .  The H-nmr a s s i g n m e n t s  a r e  based  on t h e  m u l t i p l i c i t i e s ,  homonuclear  d e c o u p l i n g  

e x p e r i m e n t s ,  2D-J r e s o l v e d  and 2D homonuclear  c a r r e l a t i o n  ( c o s y  45)  ( T a b l e  3) spec-  

t r a l  d a t a .  Assignments  o f  13c-nm, chemica l  s h i f t s  a r e  based  on chemica l  s h i f t  

r u l e s , 2 9  hetera-COSY and comparison w i t h  t h o s e  of  s i m i l a r   compound^.^'^'^^'^^ The 

p u r i t y  of samples was checked on t l c  ( s i l i c a  g e l  SIF-25'1 p r e c o a t e d  aluminium c a r d s ,  

and aluminium oxide  60 PF254 c o a t e d  on g l a s s  p l a t e s ) .  

E x t r a c t i o n  and I s o l a t i o n  of  I and 11: Uncrushed s e e d s  of  Peganum h a m a l a  ( 5  Ke) 

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  d a r k  r e d d i s h  brown r e s i d u e  o b t a i n e d  

from t h e  combined p e r c o l a t e s  on removal  of t h e  s o l v e n t  In 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  t r e a 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  of  5% a c e t i c  a c i d  and 5% hydro- 

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 ,  from 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 up ,  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 31 

( s i l i c a  g e l ,  CHC1. and C H C l  -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 ) .  The C H C l  
3 3 3 

e l u a t e  a f forded  a  f r a c t i o n  showing s i n g l e  s p o t  on t l c  ( s i l i c a  g e l ,  C H C 1 3 ,  MeOH, 9 : l )  

which was u l t i m a t e l y  s e p a r a t e d  i n t o  I and I1 on p l a t e s  c o a t e d  w i t h  A1203 (CHC1 - 
3  

MeOH, 9 . 5 : 0 . 5 ) .  Compound I c r y s t a l l i z e d  from C H C 1 3  a s  r o d s  ( 4 5  mg), mp 1 0 8 - 1 1 0 ~ ~ .  
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+ 
High resolution mass spectroscopy m/z 266.0997 M (calcd. for C16H14N202. 266.1055) 

(12) 265.0942 (M+-1) (loo), 251.0772 (M+-15) (15), 223.0857 (Cl4HllN2O) ( 3 ) .  

222.0788 (C14H10N20) (4), 206.0768 (C15H100) (7), 205.0836 (C15H11N) (I), 

203.0855 (C11H11N202), (I), 197.0754 (C12H9N20, fragment a), (5), 196.0674. 

(C12H8N20) (110, 195.0898 (C13H11N2) (4), 194.0895 (C13H10N2, fragment d), (3), 

193.0774 (C13HgN2) (5), 191.0785 (C14HgN) (11, 190.0830 (C11H12N02), (I), 189.0732 

(C11H11N02) (3), 180.0855 (C13H10N, fragment f), (2), 166.0700 (C12H8N, fragment g) 

(4), 140.0542 (C10H6N, fragment c), (12), 135.0632 (C8H9NO), (6), 116.0616 ( C  H ) 
9 8 

(b), 104.0602 (C8H8) (3).81.0211 (C4H3N0, fragment e) (2), and 70.0391 (C4H60, 

fragment b) (10). 

Demethylation of Harmalanine I: Harmalanlne I (20 mg) was refluxed with HI for 48 h. 

The mixture was then poured into crushed ice and extracted with ethyl acetate. On 

usual work up I11 was obtained showing a single spot on tlc mp 179'~; uv A (MeOH) max 
nm: 205, 220, 285, 365. Ir v CHCl cm-l: 3350 (OH, NH), 2850 (C-H), 1690 (amide max 3 

carbonyl) 1410-1640 (aromatic ring). Eims m/z (rel.int. ) 252 M+ (2). 235(2), 205(2), 

and 185 (3). 

Harmalacidine XI crystallized from CHCl as rods (30 mg), mp 200-201°c. EIMS m/z 
t 

3 
(rel.int.) 216.0916 M (calcd. for C12H12N202 216.0898) (loo), 201.0675 (M-15, 

fragment a) (20), 187.0646 (M-29, fragment d) 4 185(10), 173(12), 172(6), 

158.0607 (M-58, fragment c), (951, 156(7), 144.0451 (M+-72, fragment b) (22), 

129(12), 116(20), 111(5), 101(10) and 89(22). 

Demethylation of Harmalacidine 11: Harmalacidine I1 (15 mg) was refluxed with HI for 

24 h. The mixture was then poured into H20 and extracted with ethyl acetate. On 

usual work up pure IV of mp 138'~ was obtained; uv Amax(MeOH) (nm): 212, 220, 290, 

360. Ir vmaxCHC13 cm-l: 3200-3500 (OH and NH), 1680, 1620 (amide I and I1 bands), 
+ 

1400-1600 (4 peaks, aromatic ring). Eims m/z (rel.int.) 202.0793 M (calcd. for 

C1,HloN202 202.0742), (lo), 185 (M-17) (lo), 161 (M-41) (5), 146(M-56) (20) and 

128 (M-74) (40). 
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