
A P O L A R O G R A P H I C  I N V E S T I G A T I O N  OF T H E  A L K A L O I D S  

OF  P e g a n u m  h a r m a l a  

E .  K.  D o b r o n r a v o v a ,  M. V.  T e l e z h e n e t s k a y a ,  
a n d  T .  T .  S h a k i r o v  

U D C  5 4 7 . 9 4 4 / 9 4 5  + 5 4 3 . 2 5 3 . 4 2 2  

The epigeal par t  of Peganum harmala  L. family Ligophyllaceae contains a number of pharmacological ly  
active alkaloids [1, 2]. There  is information in the l i tera ture  on the spotaneous oxidation of peganine to vasici-  
none [3] and of deoxypeganine to deoxyvasicinone [4]. In the process  of isolating peganine and deoxypeganine 
f rom the plant raw mater ia l ,  the oxidation products are  undesirable impuri t ies  the chromatographic  detection 
of which is difficult in view of the low sensit ivi ty of revelat ion (by the Dragendorff  reagent  and by iodine v a p o r -  
20 and 200 ~g for  deoxypeganine and deoxyvasicinone, respect ively) .  To investigate the lat ter  compounds, we 
have used a polarographic  method the resul ts  of which are  given in the present  paper.  We f i r s t  studied the 
polarographic  proper t ies  of the alkaloids of Peganum harmala :  quinazoline alkaloids (peganine, deoxypeganine, 
vasicinone,  deoxyvasicinone,  andpeganol) and indole alkaloids (harmine and harmaline) [5]. They all fo rm 
catalytic hydrogen waves in aqueous ethanol in the presence  of te t raa lkylammonium salts  and bases  (Table 1). 
Vasicinone, deoxyvasicinone, and harmine showed c lear  diffusion waves in addition to catalyt ic  waves (see 
Table 1). The difference in the values of the half-wave potentials of peganine and vasicinone, and of deoxy- 
peganine and deoxyvasicinone, have been used for the detection of the oxidation products (down to 0.1%) in the 
main substance.  Where the Impuri t ies  a re  present ,  on a po la rogram in 0.1 N (C2Hs)4NOH in 80% ethanol before 
the peganine wave withEi/9. = - 1 . 9 5  V (for deoxypeganine, with El/2 = - 2 . 1 8  V), a dist inct  wave of vasicinone ap- 
pears  with El/z = -  1.70 V (for deoxyvasicinone, with El/2 = -  1.85 V}. By using the method of s tandard solutions 
[6] we es t imated the amount of oxidized fo rm in peganine and deoxypeganine. It was found that the autooxidation 
o f  the bases  takes place during their s torage and during various chemical  operat ions:  evaporation,  elution, etc. 
The t imely convers ion of the bases  into their  hydrochlor ides  stabil izes them [4]: no oxidation products were 
found in solutions of peganine and deoxypeganine hydrochlor ides .  

According to the l i tera ture ,  on the reduction of vasicinone and of deoxyvasicinone, depending on the re-  
agent, e i ther  reduction of the carbonyl group of the quinazoline r ing [7] or  of the C -  N double bond with the re -  
tention of the carbonyl  group [8] takes place. To elucidate the mechanism of the polarographic  reaction,  we de- 
termined the number  of e lec t rons  part icipating in the p rocess  and investigated the products of chemical  reduc-  
tion: dihydrovasicinone,  dihydrodeoxyvasicinone, and the alkaloid peganol [9]. By polarographic microcou-  
lomet ry  [10] we found that the number of e lec t rons  for vasicinone and for deoxyvasicinone was two. The retention 

TABLE 1. Polarographic  Indices of the Alkaloids of Peganum and 
Their  Derivat ives;  C = 1.0 mM 

Name 

Pegartine 
Deoxypeganine 
Vasicinone 
D eox-,/vasicinone 
Dihydrodexoyvasicinone 
Peganol 
Harmine 
Harmaline 
Te~ahy&oharmine 

0.1N (C2Hs)4NI, 80% ethanol 0.1 N (CaH~.)4NOH, 80% ethanol 
diffusion catalytic hy- diffusion catalytic hy- 

wave I w . a _ a v e  drogen wave ~ogen wave 

| Id, l-El/2, Ilim, -E~/2 Id, -El/2,~Iiim, 
[~A [ v ~A v ~A v ~ -Em, v 

3~7 
3,93 
3,97 

3~3 

-- _ 3,41 1 3,28 
1,60 22,01 ' 
1,68 27,51 
1,68 41,66 
176 6,03 

5~,64 
56,33 

1,88 ] 
1,88 
2,02 
1,98 
2,01 
2,06 

2,13 
2,12 

-- -- 2,23 1,95 
2,36 2,18 

170 12.84 2.32 
3,93 1,85 16,77 2,30 
4,03 2,05 15,46 2,30 

w 

333 36768 231 
35,37 2,42 
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of the  d i f fus ion  wave  in the  d i h y d r o  d e r i v a t i v e s  of the  a l k a l o i d s  and i t s  a b s e n c e  in the  c a s e  of  pegano l  ( see  
T a b l e  1) show tha t  the  c a r b o n y l  g roup  u n d e r g o e s  p o l a r o g r a p b i c  r e d u c t i o n  and the  r e a c t i o n  p r o d u c t  i s  the  c o r r e -  
spond ing  c a r b i n o l .  The  r e a l i t y  of t h i s  s c h e m e  was  c o n f i r m e d  by  a s tudy  of the  UV s p e c t r u m  of  the  p r o d u c t  of 
the  e l e c t r o l y s i s  of d e o x y v a s i c i n o n e  a t  a c o n t r o l l e d  po t en t i a l :  i t s  s p e c t r u m  had  only  one m a x i m u m ,  a t  276 nm,  
which  shows  the a b s e n c e  of a qu inazo l inone  s t r u c t u r e  f r o m  i t  [11]. 

F o r  h a r m i n e  the  n u m b e r  of  e l e c t r o n s  found was  two.  In the  c a s e  of h a r m a l i n e  ( d i h y d r o h a r m i n e )  t h e r e  i s  
no d i f fus ion  wave  ( see  T a b l e  1). Consequen t ly ,  in h a r m i n e  the  C -  C double  bond u n d e r g o e s  h y d r o l y s i s  and the  
p r o d u c t  of  the  e l e c t r o d e  r e a c t i o n  i s  d i h y d r o h a r m i n e .  

E X P E  R I M E  N T A  L 

The i n v e s t i g a t i o n  was  p e r f o r m e d  on an L P - 5 5 A  p o l a r o g r a p h .  The  c h a r a c t e r i s t i c s  of the c a p i l l a r y  a t  
hHg 55 c m  w e r e :  m = 2.175 rag"  s e c  - I ,  t = 2 s e c  in 1 N KC1. An e l e c t r o l y z e r  wi th  an i n t e r n a l  anode  was  u s e d ,  
and the  t e m p e r a t u r e  of  the  d e t e r m i n a t i o n s  was  25 • 0.5°C. 

S U M M A R Y  

1. The  p o l a r o g r a p h i c  b e h a v i o r  of s e v e n  a l k a l o i d s  f r o m  P e g a n u m  h a r m a l a  have  been  i n v e s t i g a t e d .  The  
p r o d u c t s  of the  e l e c t r o d e  r e a c t i o n  in  the  r e d u c t i o n  of v a s i c i n o n e  and d e o x y v a s i c i n o n e  a r e  the  c o r r e s p o n d i n g  c a r -  
b i n o l s ,  and in  the  r e d u c t i o n  of h a r m i n e  the p r o d u c t  i s  d i h y d r o h a r m i n e .  

2. The  p o s s i b i l i t y  has  been  shown of u s i n g  the p o l a r o g r a p h i c  me thod  f o r  s t udy ing  the ox ida t ion  of  pegan ine  
and d e o x y p e g a n i n e .  
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