
T H E  C O N N E C T I O N  B E T W E E N  T H E  I O N I Z A T I O N  

O F  A L K A L O I D S  A N D  T H E I R  B A S I C I T I E S  

T .  A r t y k o v a ,  K h .  N.  A r i p o v ,  
a n d  T .  T .  S h a k i r o v  

CONSTANTS 

UDC 547.94 +541.132 +541.132.3  

On p e r f o r m i n g  a s e r i e s  of e x p e r i m e n t s  on the po lybu f f e r  d i s t r i b u t i o n  of the a l k a l o i d s  of V. e r e c t a  b e -  
tween  c h l o r o f o r m  and b u f f e r  so lu t i ons  with d e c r e a s i n g  pH va lues ,  we have found that  t h e r e  i s  the fo l lowing 
sequence  of p a s s a g e  of the b a s i c  a l k a l o i d s  into the b u f f e r  so lu t ion  which  i s  r e p e a t e d  in a l l  c a s e s :  

pH of Passage of the Alkaloids of V. erecta 
Alkaloid pH of passage into the buffer 
Tombosine 5,5-- 6,0 
Vinc anidine 5.0--5,5 
Akuamm idine 4.5--5.0 
Vincarine 3,5-4.5 
Vincanine 3,0--3~5 
Vincamine 2.0--3,0 
Ervamine 10% H2SO~ 

It  is  c l e a r  tha t  on p a s s i n g  f r o m  t o m b o s i n e  to e r v a m i n e  the b a s i e i t i e s  o f t h e a l k a l o i d s d e c r e a s e  [1]. In 
v iew of the fac t  tha t  in  an  o r g a n i c  p h a s e  the a l k a l o i d s  m u s t  be p r e s e n t  in the f o r m  of f r e e  b a s e s ,  and in a 
bu f f e r  so lu t ion  in the f o r m  of s a l t s ,  we a s s u m e d  tha t  the d i s t r i b u t i o n  of the a l k a l o i d s  in the two p h a s e s  should  
be  g o v e r n e d  by the i o n i z a t i o n  c o n s t a n t s ,  s i n c e  i t  i s  known [2] that ,  in the f i r s t  p l ace ,  p r e c i s e l y  ha l f  the a l k a -  
l o i d s  a r e  p r e s e n t  in the s a l t  f o r m ,  when pH =PKa; in the s econd  p l ace ,  90°?o of the a l k a l o i d s  a r e  p r e s e n t  in 
the f o r m  of the f r e e  b a s e s ,  when pH =pK a +1;and,  in the t h i r d  p l a c e  90% of the a l k a l o i d s  a r e  in the s a l t  f o r m  
when pH =pK a -  1. Consequen t ly ,  we d e t e r m i n e d  the pK a va lue s  of the a l k a l o i d s  of V. e r e c t a  p o t e n t i o m e t -  
r i c a l l y  by  a l i t e r a t u r e  me thod  [3] (Table  1). In view of the fac t  tha t  the f r e e  a l k a l o i d s  a r e  p r a c t i c a l l y  in-  
so lub le  in w a t e r ,  we u sed  a 20% so lu t i on  of  m e t h a n o l  in d o u b l e - d i s t i l l e d  w a t e r  a s  the  so lven t .  As  fo l lows  
f r o m  the l i t e r a t u r e  i n f o r m a t i o n ,  in such  c a s e s  the pK a va lue s  of the a m i n e s  d e c r e a s e  by about  10% [4]. 

T i t r a t i o n  was  p e r f o r m e d  with a 0.01 N so lu t ion  of h y d r o c h l o r i c  ac id .  The end of the t i t r a t i o n  was  d e -  
t e r m i n e d  f r o m  the l a r g e s t  j ump  in po t en t i a l  in the r e l a t i v e  AV =f(ApH) [2]. 

It did not a p p e a r  p o s s i b l e  to e s t a b l i s h  the r e l a t i o n s h i p  b e t w e e n  the pK a va lue  and the pH of t r a n s i t i o n  
f r o m  c h l o r o f o r m  into b u f f e r  so lu t i ons .  A s s u m i n g  tha t  the pH of t r a n s i t i o n  into the b u f f e r  so lu t ion  may  d e -  
pend on the pK a va lue  of the b a s e  in c h l o r o f o r m ,  we found the pK a va lue s  of the a l k a l o i d s  in c h l o r o f o r m .  

T i t r a t i o n  was  p e r f o r m e d  with a 0.01 N so lu t ion  of h y d r o g e n  c h l o r i d e  in 

Vincamine 6,62 
Vincanine 7,79 
Vincarine 6,91 
Akuammidine 6,66 
Vincanidine 6,84 
Tombosine 7,54 

T A B L E  1. Ion iza t ion  Con-  
s t a n t s  of the A l k a l o i d s  of 
V. e r e c t a  

pKa values 
20°]0 chloro - 

Alkaloid methanol form 

5,81 
5,72 
5,73 
5.15 
5,91 
6,30 

e thano l .  The p o t e n t i o m e t r i c  t i t r a t i o n  c u r v e  showed a w e l l - d e f i n e d  jump,  
and t h e r e f o r e  i t  was  e a s i l y  p o s s i b l e  to d e t e r m i n e  the end of the t i t r a t i o n .  
The pK a v a l u e s  w e r e  c a l c u l a t e d  by a l i t e r a t u r e  me thod  [3]. 

As  can  be s e e n  f r o m  Tab le  1, in c h l o r o f o r m  a r e l a t i v e  l e v e l i n g - o u t  
of the pK a v a l u e s  t a k e s  p l a c e .  Thus ,  n e i t h e r  in w a t e r  n o r  in c h l o r o f o r m  
a r e  the pK a v a l u e s  of the a l k a l o i d s  connec t ed  with the pH range  fo r  the 
t r a n s i t i o n  of the a l k a l o i d s  f r o m  c h l o r o f o r m  into a bu f f e r  so lu t ion .  

I n f o r m a t i o n  on the m a i n  op ium a l k a l o i d s ,  which is  g iven  in Tab le  2, 
c o n f i r m s  o u r  c onc lu s ion  tha t  the pK a v a l u e s  of the a l k a l o i d s  cannot  quan-  
t i t a t i v e l y  d e s c r i b e  the p r o c e s s  of the d i s t r i b u t i o n  of the a l k a l o i d s  in h e t e r o -  
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TABLE 2. Ionization Con- 
stants of Opium Alkaloids 
and the pH of Transi t ion 

I pH of transi- [_apK tion [5, 6] Alkaloid 

geneous systems of the organic solvent-buffer solutions type and, con- 
sequently, do not reflect the relative strengths of their basicity. For ex- 
ample, the difference between the pK a values of morphine and thebaine 
ApKa=0.87 , while ApH for the transition process is 4 units; pK a for co- 

deine > pK a for morphine, and the pH of the transition of morphine > pK a 
for codeine, as also in the case of the indole alkaloids. Morphin 7871 Codeine 7,95 ', 

Thebaine 7,00 E X P E R I M E N T A L  
Papaverine 5,90 |Do n}~t pass over 
Narcotine 6,18 f at pH= 1.0 Potentiometric  Titration. Titrat ion was per formed on an LPM-60M 

pH-mete r .  Solutions of the substances under investigation in 20% ethanol 
in double-dist i l led water  were  p repared  at concentrat ions of 1.2- 8.0 • 10 -4 M and were t i t ra ted with 0.01 N hydro-  
chloric acid solution (see Table 1). Solutions in chloroform with a concentration of 1" 10 -2 M were t i trated 
with a 0.01 N solution of hydrogen chloride in ethanol (see Table 1). 

SUMMARY 

I. The pK a values of a number of indole alkaloids of Vinca erecta in aqueous ethanolic solution and 
in chloroform have been determined. 

2. It has been shown that the pK a value of an alkaloid in water or in chloroform is not connected with 
the pH of the transition from chloroform into a buffer solution. 

3. It is impossible to estimate the basicity of an alkaloid from its pK a value. 
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