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RP-HPLC SEPARATION OF HIGHLY CHARGED 
QUATERNARY AMMONIUM SALTS 

F. P. Schmidtchen and H. Oswald 
Lehrstuhl f u r  Organic Chemie 

und Biochemie der TU Munchen 
8046 Garching 

L ich ten b ergstrasse 4 
Federal Republic of Germany 

ABSTRACT 

The reverse  phase HPLC separa t i on  o f  p o l y c a t i o n i c  v io logenes 1 - 4 
and m a c r o t r i c y c l i c  quaternary  ammonium s a l t s  5 - 8 u s i n g  i o n  p a i r  
c o n d i t i o n s  i s  d e s c r i b e d .  Whereas t h e  compounds 1 - 4 c o u l d  be  
a n a l y s e d  on any o f  4 s t a t i o n a r y  RP-18 phases  t e s t e d ,  t h e  cage 
compounds 5 - 8 were  much more  s e n s i t i v e  t o  t h e  s o u r c e  o f  t h e  
m a t r i x  m a t e r i a l .  Opt ima l  separa t i on  c o n d i t i o n s  f o r  t h e  l a t t e r  up 
t o  e i g h t f o l d  p o s i t i v e l y  charged macrocycles employ sodium pe rch lo -  
r a t e  i n  a c i d i c  aqueous methanol us ing  Nuc leos i l  RP-18 o r  L i c h r o -  
spher CH-18 columns. 

INTRODUCTION 

I n  t h e  course o f  our work d i r e c t e d  towards  t h e  syn thes i s  o f  a r t i -  

f i c i a l  a n i o n  r e c e p t o r s  we d e v e l o p e d  t h e  concept o f  p o l y c a t i o n i c  

po l ymacrocyc l i c  cage compounds 5 - 8 (1). The syn thes is ,  charac- 

t e r i s a t i o n  and c o n t r o l  o f  p u r i t y  o f  t h e s e  m u l t i p l y  c h a r g e d  com- 
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994 SCHMIDTCHEN AND OSWALD 

pounds r e q u i r e s  q u i c k  and r e l i a b l e  a n a l y t i c a l  and p r e p a r a t i v e  

s e p a r a t i o n  methods. I n i t i a l  a t t e m p t s  t o  make use o f  t h e  mos t  
prominent p roper t y  o f  t h e  a r t i f i c i a l  r e c e p t o r s  and t h e  i n t e r m e -  

d i a t e s  i n  t h e i r  synthesis,  t h e i r  permanent p o s i t i v e  charge, i n  i o n  

exchange- o r  e l e c t r o p h o r e t i c  a n a l y s i s  f a i l e d  t o  g i v e  a c c e p t a b l e  

r e s u l t s  due t o  poor r e s o l u t i o n .  I on  p a i r  chromatography on reve r -  
se phases i n  c o n t r a s t  s h o u l d  i n  a d d i t i o n  t o  i t s  dependence on 

cha rge  be s e n s i t i v e  t o  t h e  p o l  a r i  z a b i  li t y  and h y d r o p h o b i c i t y  o f  
the  compound and thus  appears more p romis ing  f o r  t he  separa t ion  o f  

s t r u c t u a l l y  r e l a t e d  molecules. We now r e p o r t  on our exper ience t o  
separate hydrophobic v io logene- type compounds 1 - 4 and more hy- 
d r o p h i l i c  polyammonium s a l t s  5 - 8 v i a  i o n  p a i r  RP-HPLC. 

EXPERIMENTAL 

The viologenes 1 - 4 were e i t h e r  commerc ia l l y  a v a i b l e  (1, 2,Sigma) 
o r  were obtained accord ing  t o  known methods (5). The syn thes is  o f  

m a c r o t r i c y c l i c  ammonium s a l t s  5 - 8 has been d e s c r i b e d  (6,7). 

Chromatographic analyses were performed us ing  a Merck-Hi t a c h i  HPLC 
so lven t  d e l i v e r y  system (model 655A-11 pump a t tached t o  a 655A-71 
low pressure g rad ien t  dev i ce )  connected t o  a Rheodyne 7125 i n j e c -  
t o r  and a Knauer model 9700 U V - d e t e c t o r .  The co lumns  (250 x 4mm) 

were purchased: Hyperchrome Nuc leos i l  100 RP-18, 7 /urn ( B i s c h o f f ) ,  
H ibar  Lichrospher 100 CH 18/2, 5/um (Merck), U l t rasphere  I.on p a i r  
C-18 I P ,  5 /urn (Beckman). S t a n d a r d  a n a l y s i s  b e f o r e  and a f t e r  
p o l y c a t i o n  separa t ion  c o n f i r m e d  t h a t  t h e  co lumns  e x p e r i e n c e d  no 
s i g n i f i c a n t  d e t e r i o r a t i o n  i n  t h e  process. A l l  chemica ls  were rea-  
gent grade and used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

RESULTS AND DISCUSSION - 

Although RP-HPLC deserves i t s  r e p u t a t i o n  o f  be ing  f a s t ,  r e l i a b l e  

and r e p r o d u c i b l e ,  t h e  s e p a r a t i o n  o f  b a s i c  o r  p o s i t i v e l y  c h a r g e d  
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996 SCHMIDTCHEN AND OSWALD 

compounds presents problems assoc ia ted  w i t h  peak shape and peak 

broadening which f r e q u e n t l y  o b s t r u c t s  q u a n t i f i c a t i o n  o f  t he  ana ly -  
s i s .  The r e a s o n  i s  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  a n i o n i c  s i l a n o l  

g roups  i n  t h e  S i 0 2  bead m a t r i x  t h a t  have escaped t h e  c h e m i c a l  

m o d i f i c a t i o n  process. Never the less  q u i t e  acceptab le  separa t ions  o f  
monoammonium s a l t s  can be achieved i f  the  mob i l e  phase con ta ins  

t e r t i a r y  amrnonim s a l t s  i n  a d d i t i o n  t o  an ion i c  i o n  p a i r  reagents 

(2 ) .  These s a l t s  a re  supposed t o  d e a c t i v a t e  t h e  s i l a n o l  groups so 

t h a t  they  do no t  i n t e r f e r e  w i t h  t h e  i o n  p a i r  d i s t r i b u t i o n  between 

mob i l e  and s t a t i o n a r y  phases ( 3 ) .  
This system c o n s i s t i n g  o f  t r ie thy lammonium fo rma te  b u f f e r  (pH 3.5 
i n  water ) ,  sodium heptanesu l fonate  and v a r y i n g  amounts o f  methanol 

t a k i n g  L ichrosorb  RP-18 as t h e  s t a t i o n a r y  phase s u f f i c e d  t o  g i v e  

sa t  i s f  ac t o r y  separa t i ons o f  t he p o 1 y c  a t  i on i c h y d r o  p h o b i  c v i o 1 o - 
genes 1 - 4 (Fig. 1 )  b u t  f a i l e d  t o t a l l y  w i t h  the  cage compounds 

5 - 8. There was no way t o  i m p r o v e  t h e  s e p a r a t i o n  i n  t h i s  sys tem 
by sys temat ic  v a r i a t i o n  o f  t h e  concen t ra t i ons  o f  o rgan ic  m o d i f i e r ,  

ammonium s a l t  a d d i t i v e  o r  i o n  p a i r  reagent. 
We f e l t  t h a t  the  poor shape and excess ive  broadening o f  t h e  peaks 

ob ta ined i n  the  l a t t e r  case c o u l d  r e s u l t  f o rm slow mass t r a n s f e r  

a t t r i b u t a b l e  t o  t h e  p e c u l i a r  p r o p e r t i e s  o f  t h e  s t a t i o n a r y  phase 

used as w e l l  as f r o m  a s p e c i f i c  i n t e r a c t i o n  o f  t h e  h y d r o p h o b i c  
heptanesul fonate i o n  p a i r  reagent  w i t h  the  macro t r i cyc les .  It i s  

w e l l  es tab l i shed  t h a t  t h e  c a t i o n i c  cage compounds b i n d  anions and 
hydrophobic molecules i n  aqueous s o l u t i o n  by i n c l u s i o n  complexa- 

t i o n  (lb,4). The k i n e t i c s  o f  these processes may be slow enough t o  

lead t o  peak broadening i n  the  chromatographic ana lys is .  Thus i t  

seemed necessa ry  t o  v a r y  t h e  e l u e n t  c o m p o s i t i o n  i n  a way t o  ob-  
v i a t e  the  l i m i t a t i o n  f r o m  slow coun te r ion  exchange k i n e t i c s  w h i l e  
r e t a i n i n g  t h e  hydrophobic c h a r a c t e r  o f  t h e  s u b s t r a t e - c o u n t e r i o n  

complexes. 
I n  a d d i t i o n  CPK-model i n s p e c t i o n  shows t h a t  t h e  longes t  mo lecu la r  

d iameter  o f  8 i s  about 40 A. Consequently a s s o c i a t i o n  of counter  
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FIGURE 1: Separat ion o f  v io logenes 1 - 4 on Nuc leos i l  RP 18; F l o w  
1.0 m l / m i n ;  G r a d i e n t :  A / B  = 83 /17- -A/B = 50/50 ( 9  m i n )  h o l d  f o r  
20 m in ,  r e t u r n  t o  s t a r t i n g  c o n d i t i o n s ;  A = 40% CH30H, 30mM t r i -  
ethylammonium fo rmate  b u f f e r  pH 3.50, l O m M  Heptanesulfonate; B = 
70% CH30H, 30mM t r i e t h y l a m m o n i u m  f o r m a t e  b u f f e r  pH 3.50, l O m M  
Heptanesulfonate; UV254-detection. 
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998 SCHMIDTCHEN AND OSWALD 

i o n s  t o  t h e  e i g h t f o l d  p o s i t i v e l y  cha rged  i o n  may e a s i l y  y i e l d  

complexes comparable i n  s i z e  t o  t h e  average pore d iameter  o f  t h e  

s t a t i o n a r y  phase m a t r i x .  One s h o u l d  i n f e r  t h e r e f o r e  t h a t  t h e  
s e p a r a t i o n  o f  t h e s e  compounds i s  s e n s i t i v e  t o  t h e  u n i f o r m i t y  o f  
t h e  c h e m i c a l l y  bonded l a y e r  and i t s  a c c e s s a b i l i t y  w i t h i n  t h e  

s i l i c a  s t r u c t u r e .  

I n i  t i  a1 a t t e m p t s  t o  use o c t y l  - (RP-8) o r  c y a n o p r o p y l  ( C N )  c o a t e d  

s i l i c a  as s t a t i o n a r y  phases were  soon abandoned, because t h e  

r e t e n t i o n  o f  t he  h y d r o p h i l i c  quaternary  ammonium compounds 5 - 8 
was too  poor. Ins tead we focused our s tud ies  on octadecyl  (RP-18) 

coated s i l i c a  and compared commercial columns o f  i d e n t i c a l  dimen- 

s ions b u t  from 3 d i f f e r e n t  manufacturers knowing t h a t  r e t e n t i o n  

data, peak shape and column performance may h e a v i l y  depend on t h e  

source o f  t h e  m a t r i x  m a t e r i a l  a l though nomina l l y  t h e  same m a t e r i a l  
i s  used. The columns are  packed w i h  5 o r  7 /urn spher i ca l  p a r t i c l e s  
o f  100 A average p o r e  s i z e  (where  s p e c i f i e d ,  see e x p e r i m e n t a l  
p a r t )  t h e  s u r f a c e s  o f  w h i c h  a r e  t o t a l l y  c o v e r e d  by  h y d r o c a r b o n  

l a y e r  o r  s p e c i f i c a l l y  designed f o r  i o n  p a i r  ana lys is .  
To op t im ize  the  mob i le  phase we decided t o  va ry  t h e  concen t ra t i on  

of an o r g a n i c  m o d i f i e r  ( s o l v e n t :  me thano l  o r  a c e t o n i t r i l e )  by  a 
g rad ien t  device ho ld ing  t h e  concent ra t ions  o f  b u f f e r  and i o n  p a i r  

reagent constant.  The s e l e c t i o n  o f  t h e  l a t t e r  a d d i t i v e  was guided 

by  t h e  n o t i o n  t h a t  s m a l l  b u t  s t i l l  l i p o p h i l i c  c o u n t e r  a n i o n s  t o  
t h e  h i g h l y  p o s i t i v e l y  cha rged  ammonium s a l t  had t o  be used  i n  

o r d e r  t o  a v o i d  peak b r o a d e n i n g  due t o  s l o w  complex  f o r m a t i o n  

k i n e t i c s .  Most  o f  t h e  u s u a l  h a l i d e -  o r  o x o a n i o n  s a l t s  o f  t h e  

compounds 5 - 8 are  h i g h l y  water  so lub le  and t h e r e f o r e  no t  l i k e l y  

t o  be r e t a r d e d  i n  an i o n  p a i r  c h r o m a t o g r a p h i c  system. However, 
chaot rop ic  anions l i k e  p e r c h l o r a t e  o r  t e t r a f l u o b o r a t e  p r e c i p i t a t e  
these compounds f rom aqueous s o l u t i o n s  these s a l t s  being r e a d i l y  

s o l u b l e  i n  d i p o l a r  s o l v e n t s  l i k e  a c e t o n i t r i l e  o r  n i t r o m e t h a n e .  
P i l o t  exper iments t a k i n g  sodium p e r c h l o r a t e  as an i o n  p a i r  add i -  
t i  ve i n  t h e  mobi l e  phase i n d e e d  f u r n i s h e d  a c c e p t a b l e  r e t e n t i o n  
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CHARGED QUATERNARY AMMONIUM SALTS 999 

-- T a b l e  1: R e t e n t i o n  d a t a  ( k  - v a l u e s )  of polyamrnonium compounds 
1 - 8 under  s t a n d a r d i z e d  c h r o m a t o g r a p h i c  c o n d i t o n s :  

s t a t i o n a r y  phase: 250 x 4 mm RP-18 co lumn;  l i n e a r  

g r a d i e n t  p r o f i l e  100% A - 100% B (30  min),  h o l d  10 

min ,  r e t u r n  t o  A; A: lOv /v% methano l ,  30mM NaC104, 

30mM HCOOH; 6: 60v /v% methano l ,  30mM NaC104, 30mM 

HCOOH; Flow: 1.0 ml/min; Detec t ion :  UV254 

Nuc leos i l  L ichrospher  U l t rasphere  

0.1 
7.7 

1 .o 
5.7 
9.3 

6.7 
8.8 

11.4 

0.1 
8.6 

0.8 

6.4 
9.9 
7.3 
9.8 

13.7 

0.1 
9.08 

5.0 
6.3 

10.4 
8.0 
8.0 

14.7 

values w i t h  the  h y d r o p h i l i c  ammonium macrocycles 5 - 8 on RP-18 
s t a t i o n a r y  phases. The optimum concen t ra t i on  of p e r c h l o r a t e  was 30 

mM c o n s i d e r i n g  t h e  o p p o s i n g  i n f l u e n c e s  o f  i t s  c o n c e n t r a t i o n  on 

sample  r e t e n t i o n ,  r e q u i r e m e n t  o f  o rgan ic  m o d i f i e r ,  v i s c o s i t y  o f  

t he  e luen t  and cos t  per ana lys is .  
The r e t e n t i o n  da ta  o f  t h e  m u l t i p l y  charged ammonium compounds 1-8 

under standardized chromatograph ic  c o n d i t i o n s  u s i n g  p e r c h l o r a t e  

coun te r ion  and methanol as an organ ic  m o d i f i e r  are g iven i n  Table 

1 .  
These f i g u r e s  r e v e a l  t h a t  a v a r i e t y  o f  p o l y c a t i o n i c  ammonium 

compounds i s  i n d e e d  s e p a r a b l e  by  means o f  i o n  p a i r  HPLC u s i n g  

pe rch lo ra te  as a counter  anion. The columns tested, however, show 

g rea t  d i f f e r e n c e s  i n  t h e i r  u t i l i t y  i n  t h i s  process. Al though t h e  

- 
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1000 SCHMIDTCHEN AND OSWALD 

sequence o f  e l u t i o n  of t h e  compounds i s  q u a l i t a t i v e l y  the  same f o r  

any o f  the  columns major  d e v i a t i a t i o n s  i n  t h e i r  r e l a t i v e  r e t e n t i o n  

a r e  observed.  A p p a r e n t l y  t h e  o v e r a l l  h y d r o p h o b i c i t y  o f  t h e  com- 

pound dominates i t s  r e t e n t i o n  behaviour r a t h e r  than the  number o f  

cha rges  as can be deduced f r o m  t h e  d a t a  o f  t h e  v i o l o g e n e s  1 - 4 

and t h e  m a c r o c y c l e s  5 - 8. I n  g e n e r a l  t h e  c a p a c i t y  f a c t o r s  i n -  
c r e a s e  w i t h  t h e  same compound b e i n g  a n a l y z e d  on t h e  N u c l e o s i l - , ’  

L ichrospher o r  U l t rasphere  columns. 

D i f f e r e n c e s  i n  t h e  number o f  t h e o r e t i c a l  p l a t e s  and peak shape 

a r e  even more pronounced. Q u a l i t a t i v e l y  t h e  n u c l e o s i l  and 

Lichrospher columns are ve ry  much a l i k e  concerning t h e i r  e f f e c t s  
on peak b r o a d e n i n g  and shape whereas  t h e  U l t r a s p h e r e  co lumn i s  
much worse i n  t h i s  respect,  p a r t i c u l a r l y  w i t h  t h e  l a r g e r  compounds 

7 and 8. A q u a n t i t a t i v e  eva lua t i on  o f  t h e  change i n  peak shape i s  

g i v e n  i n  Tab le  2. 

Obviously any column exper iences a decrease i n  nth and an enhance- 

ment o f  peak de format ion  b u t  t h e  excessive e f fec t  observed w i t h  

U l t rasphere  makes even peak i d e n t i f i c a t i o n  r a t h e r  d i f f i c u l t .  The 

-- Table 2: Comparison o f  t h e o r e t i c a l  p l a t e  numbers nth and asymme- 

t ry f a c t o r s  ASF f o r  an a c i d i c  compound phenylaceteate 9 

and t h e  s t r o n g l y  bas ic  octaammonium s a l t  8 us ing  i s o c r a -  
t i c  c o n d i t i o n s  (9 :  35v /v% CH30H, NaC104, H C O O H  30mM 

each; 8: 48% CH30H, NaC104, HCOOH 30mM each; F l o w  1.0 

m l  /min 1 

co lumn/par t i c le  s i z e  9 8 
k n t h  ASF k n t h  ASF 

Nucleosi l /7/um 4.8 8500 1.2 4.4 710 3.0 

L i  chrospher/5/um 6.1 17500 1.05 3.3 1160 4.6 

U1 trasphere/5/um 7.5 21000 1.35 21.7 240 4.1 
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FIGURE 2: S e p a r a t i o n  o f  m a c r o t r i c y c l i c  ammonium s a l t s  5 - 8 on 
Lichrospher 100 CH-18; Flow 1.0 ml/min; Gradient:  100% A-100% B 
(45 min);  A: 20% v/v CH30H, 3 0 m M  HCOOH, 3 0 m M  NaC104; B: 50% CH30H, 
30mM HCOOH, 30mM NaC104; UV-detection. 

d i m i n u t i o n  o f  r e s o l v i n g  power  i n  t h e  f o r m e r  cases  a f f e c t s  t h e  
s e p a r a b i l i t y  o f  c a t i o n i c  compounds (Fig. 2)  on l y  marg ina l l y ,  be- 
cause t h e  g r e a t  s e n s i t i v i t y  o f  t h e  r e t e n t i o n  o f  p o l y c a t i o n i c  

compounds towards change i n  c o n c e n t r a t i o n s  o f  o r g a n i c  m o d i f i e r ,  
b u f f e r  o r  i o n  p a i r  reagent o f f e r s  s u f f i c i e n t  degrees o f  freedom t o  

assess chromatographic c o n d i t i o n s  f o r  t h e  separat ions o f  any t w o  
sample components. 
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