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- SOLVENT COMPOSITION EFFECTS I N  THE CHROMATOGRAPHY OF 

- ALKALOIDS IN THE-~YSTEMS WATER + METHANOL/SILANIZED SILICA 

Edward Soczewinski and Tadeusz Dzido 

I n s t i t u t e  of Basic  Chemical Sc iences  
Medical Academy 

S t a s z i c a  6 ,  20-081 Lubl in  Poland 

Department of I n o r g a n i c  and A n a l y t i c a l  Chemistry 

For systems of t h e  type  s i l a n i z e d  s i l i c d i n a r y  aquo-organic  s o l v e n t ,  

l i n e a r  l o g  k ' v s .  % H20 p l o t s  are o f t e n  o b t a i n e d ,  t h e  l i n e s  s p r e a d i n g  fanwise 

i n  t h e  d i r e c t i o n  of i n c r e a s e d  c o n c e n t r a t i o n  of  w a t e r .  An example of  such  

p l o t s  f o r  a group of b a r b i t u r a t e s  i s  r e p o r t e d .  For s o l u t e s  which have more 

d i f f e r e n t i a t e d  s t r u c t u r e s  ( e s p e c i a l l y  i n  terms of t h e  number and type  of  

h y d r o p h i l i c  groups)  less r e g u l a r  r e l a t i o n s h i p s  can  be o b t a i n e d ,  as i l l u s t r a t e d  

by l o g  k'  vs .  % H20 p l o t s  of e i g h t  a l k a l o i d s .  

INTRODUCTION 

The r e t e n t i o n  of s o l u t e s  chromatographed i n  systems w i t h  nonpolar ,  chemi- 

c a l l y  bonded s t a t i o n a r y  phases  i s  u s u a l l y  c o n t r o l l e d  by a d d i t i o n  of  p o l a r  

s o l v e n t s  (methanol, a c e t o n i t r i l e ,  e t c . )  t o  water (1); o t h e r  methods i n v o l v e  

Lhe use of b u f f e r  s o l u t i o n s  ( 2 )  o r  i o n - p a i r i n g  r e a g e n t s  (1 ,3) .  The e f f e c t  o f  

s o l v e n t  composi t ion,  i n  t h e s e  sys tems,  can  be f r e q u e n t l y  d e s c r i b e d  by t h e  semi- 

e m p i r i c a l  equat ion:  

l o g  k' = c o n s t .  + (n % H20) 
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An analogous equat ion  was r e p o r t e d  much e a r l i e r  f o r  h a t c h  e x t r a c t i o n  sys-  

tems ( 4 )  and,  a l though i t  w a s  p r i m a r i l y  d e r i v e d  f o r  i d e a l  s o l v e n t  mixtures  ( 5 ) ,  

i t  has been shown t h a t  i t  d e s c r i b e s ,  over  more o r  l e s s  broad composi t ion r a n g e s ,  

t h e  solvent composi t ion e f f e c t s  in such s t r o n g l y  i n t e r a c t i n g  mixtures  a s  wdtcr  

and dimethyl s u l f o x i d e  ( 6 ) .  The l i n e a r  r e l a t i o n s h i p s  between l o g  k '  (RM i n  paper  

and th in- layer  chromatography) and s o l v e n t  composi t ion  have been widely used 

Lo determine e x t r a p o l a t e d  v a l u e s  of RM f o r  t h e  Hansch a n a l y s i s  of q u a n t i t a t i v e  

s t r i i c t u r e  - a c t i v i t y  r e l a t i o n s h i p s  ( 7 ) .  

The equat ion  has a l s o  been r e p o r t e d  t o  apply  t o  l i q u i d - s o l i d  systems of 

t h e  type w a t e r  + methanol /s i lnnized s i l i c a ,  i n  which hydrophobic  i n t e r a c t i o n s ,  

dctermined by s o l u t i o n  phenomena i n  t h e  mobile  phase ,  p l a y  a n  important  r o l e  

(1,8). For s o l u t e s  of  analogous molecular  s t r u c t u r e ,  such  as pcilynuclear 

hydrocarbons (9,lO) o r  a l i p h a t i c  a l c o h o l s  (8) ,  t h e  k' v s .  % 1120 l i n e s  u s u a l l y  

spread  fanwise i n  t h e  d i r e c t i o n  of i n c r e a s i n g  c o n c e n t r a t i o n  of  water  owing t o  

i n c r e a s i n g  hydrophobic i n t e r a c t i o n s .  Other  examples of such  r e l a t i o n s h i p s  

a r e  given i n  F igure  1, i n  which t h e  d a t a  publ i shed  by Tjaden e. (11) a re  

p l o t t e d  i n  the  c o o r d i n a t e  system l o g  k '  v s .  % MeOH; s i n c e  t h e  solut-es  from 

tlic b a r b i t u r a t e  groups have s i m i l a r  s t r u c t - u r e s  and d i f f e r ,  p r i m a r i l y ,  by hydro- 

cdrbon r s d i c a i s ,  t h e  l i n e s  converge t o  t h e  r i g h t  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  

of melhanol ,  i n  accordance wi th  t h e  o h s e r v a t i o n  t h a t  ARM (CH2) d i m i n i s h e s  as 

water  i s  d i l u t e d  w i t h  p o l a r  o r g a n l c  s o l v e n t  (8) .  

EXPERIMENTAL 

In  t h e  p r e s e n t  paper  w e  i n v e s t i g a t e d  a group of  s o l u t c s  - a l k a l o i d s  - 
w i t h  g r e d t e r  d i f f e r e n c e  i n  t h e i r  molecular  s t r u c t u r e s .  The a l k a l o i d s  were 

chromdtogrdphed u s i n g  a l i q u i d  c h r o m a t o g r q h  w i t h  a pneumatic pump dnd a 

var iable-wdvelength UV d e t e c t o r  (VSU-1, Zeiss, J e n a ,  G.D.R.). A s t a i n l e s s  

steel  column, 1 2  c m  x 3.5 mm I . D . ,  was packed w i t h  Lichrosorh  RE'-2, 1 0  pm 

(Merck, Darmstadt ,  F.R.C.) u s i n g  t h e  s l u r r y  technique  a f t e r  Br i s tow (12). The 

s o l u t e s  were i n j e c t e d  w i t h  a Hamilton s y r i n g e  (5 p1 of 0 .2% niethdnol s o l u t i o n s ) ;  

t h e  flow rate was 0.5 - 1 ml/min. The dead volume of  t h e  column w d s  determined 

u s i n g  water a s  t h e  tes t  s o l u t e .  

RESULTS AND DISCUSSION 

The exper imenta l  r e s u l t s  are p r e s e n t e d  i n  Figure  2 as l o g  k' v s .  % MeOH 

p l o t s ,  The p l o t s  a r e  s t r a i g h t  l i n e s  o r  on ly  s l i g h t l y  curved,  and t h e  t y p i c a l  

tendency t o  s p r e a d i n g  w i t h  i n c r e a s e d  water  c o n t e n t  i s  a l s o  a p p a r e n t ;  however, 

t h e  p l o t  of b r u c i n e  c r o s s e s  t h o s e  of c i n c h o n i d i n e  and a c o n i t l n e .  

t h e  s l o p e s  are more d i f f e r e n t i a t e d  than  i n  F i g u r e  1. 

Genera l ly ,  
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Figure 1. Log k' vs. % MeOH plots, barbiturates: 1-barbital; 2-heptobarbital; 
3-allobarbital; 4-brallobarbital; 5-cyclobarbital; 6-hexobartital; 
7-heptabarbital; 8-pentobarbital; 9-secobarbital. 

Chromatographic System: Water + methanol/silanized silica. For 
details of experimental technique cf. reference 11. 

The experimental results indicate that, for more complex, polyfunctional 

compounds, the log k' vs. composition plots are less regular than for con- 

generic solutes like polynuclear hydrocarbons (9, lo), homologous series ( 8 )  

and groups of solutes whose structures differ by nonpolar substituents (alkyl, 
alkenyl, phenyl, etc.)as in the case of the barbiturates of Figure 1. 

congeneric solutes both the slope and the log k' values increase with the 
hydrophobicity of the nonpolar part of the molecule; this leads to fanwise 

For 
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log k'. 

16 - 
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Figurc 2 .  Log k' vs. % MeOH plots of eight alkaloids: l-caffeine; 2-narceine; 
3-colchicine; 4-santonine; 5-codeine; 6-brucine; 7-cinchonidine: 
8-aconitine. 

Chromatographic System: Water + methanol/octadecyl silica. 

spreading of the lines. The introduction of  an additional hydrophilic group 

may weaken   he hydrophohic interactions in an individual manner thus causing 
more diverse log k' vs .  composition plots. This is even advantageous from 

the viewpoint of selectivity. 

ly cause complications in gradient elution (13). 

However, crossing of the plots may occasional- 
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