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I O N  EXCHANGE HIGH PERFORMANCE LIQUID CRHOMATOGRAPHY 

SEPARATIONS USING A H IGH CONTENT ORGANIC MODIFIER MOBILE PHASE 

Haleem J. Issaq* and Gary M. Muschik 

NCI-Frederick Cancer Research F a c i l i t y  
Frederick, MD 21701 

ABSTRACT 

The separation o f  a mix tu re  o f  s t r u c t u r a l l y  s i m i l a r  compounds was 

achieved using a ca t i on  exchange column and a bu f fe red  mobi le phase r i c h  

i n  an organic mod i f i e r  50-75%. 

mobi le phase a f fec ted  no t  on l y  the  s e l e c t i v i t y  bu t  the  reso lu t ion .  

The add i t i on  o f  d i f f e r e n t  mod i f ie rs  t o  t h e  

INTRODUCTION 

Separations i n  l i q u i d  chromatography (LC) a re  the  r e s u l t  o f  the  

i n te rac t i ons  between the  solute,  t he  mobi le phase and the  s ta t i ona ry  phase. 

When the  i n te rac t i ons  between them are  optimum, the  separations w i l l  be 

optimum, too. 

mobi le phase, pH, b u f f e r  used and i t s  concentrat ion ( i o n i c  strength) and 

In  i o n  exchange chromatography (IEC) the  proper t ies  of the 

* To whom correspondence should be addressed 
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826 ISSAQ AND MUSCHIK 

t h e  a d d i t i o n  o f  o r g a n i c  m o d i f i e r s ,  t y p e  and c o n c e n t r a t i o n ,  w i l l  enhance 

r e s o l u t i o n .  

A l though t h e  mechanism o f  s e p a r a t i o n  i n  a d s o r p t i o n  and p a r t i t i o n  LC 

i s  b e t t e r  understood, sample r e t e n t i o n  i n  IEC i s  l e s s  understood t h a n  

i n  t h e  o t h e r  LC methods (1). 

In t h i s  s tudy  t h e  e f f e c t  o f  t h e  a d d i t i o n  o f  h i g h  percentage o f  an 

o rgan ic  m o d i f i e r  t o  t h e  m o b i l e  phase on t h e  s e p a r a t i o n  o f  s t r u c t u r a l l y  

s i m i l a r  compounds ( F i g u r e  1 )  was probed, u s i n g  a s t r o n g  c a t i o n  exchange 

MP 

#4 

#1 

#5 

PM CH3 oo CH2 - - - -  
F igu re  1. S t r u c t u r a l  formula o f  t h e  5 compounds used i n  t h i s  s tudy.  
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Ion EXCHANGE HPLC a27 

column. 

such as a c e t o n i t r i l e ,  methanol, and t e t r a h y d r o f u r a n ,  was s tud ied .  

Also, t h e  e f f e c t  o f  t h e  a d d i t i o n  o f  d i f f e r e n t  o r g a n i c  m o d i f i e r s ,  

EXPERIMENTAL 

M a t e r i a l s :  

Chemicals. 

procedures, N,N-dimethyl-N'-(2-pyridyl)-N'-(3-thenyl)ethylenediami~e (21, 

N,N-dimethyl - N u - (  2 - p y r i d y l  ) - N o - (  5 -ch lo ro -2 - theny l  )e thy lened iamine  (3), and 

N,N-dimethyl - N '  -( 2 - p y r i d y l  ) - N ' - (  2 - f u r f u r y l  )e thy lened iamine  (4) .  

t e t r a h y d r o f u r a n  (THF) and methanol (MeOH) were g l a s s  d i s t i l l e d  (Bu rd i ck  

and Jackson). 

Me thapy r i l ene  (MP) and py ry lam ine  maleate (PM) were f rom Sigma 

The o t h e r  t h r e e  compounds were syn thes i zed  acco rd ing  t o  p u b l i s h e d  

Acetoni  t r i l e ,  

Apparatus: A modular  HPLC system c o n s i s t i n g  of  Labora to ry  Data Con t ro l  

(LDC) Constametr ic  I and I 1  pumps a t t a c h e d  t o  a LDC Gradient  Master, a 

Chromatronix  dua l  channel UV d e t e c t o r ,  a Rheodyne i n j e c t o r  and a s t r i p  

c h a r t  reco rde r  ope ra ted  a t  0.2 in /min.  was used f o r  t h i s  s tudy.  

column was 250 mm l o n g  x 4.6 mm i.d. prepacked w i th  a l o p  p a r t i s i l - 1 0  SCX 

m a t e r i a l  (Whatman, Inc.).  Experiments were r u n  a t  room temperature u s i n g  

a m o b i l e  phase f l o w  o f  3 ml/min. 

o r g a n i c  m o d i f i e r  i n  a .0005M phosphate b u f f e r  hav ing  a pH o f  7.3. 

m o b i l e  phase was passed th rough  a M i l l i p o r e  0.4511 f i l t e r  and degassed d a i l y  

i n  an u l t r a s o n i c  b a t h  under vacuum b e f o r e  use. D e t e c t i o n  was c a r r i e d  o u t  a t  

254 nm. 

The 

The i s o c r a t i c  m o b i l e  phase was 50-75% 

The 

RESULTS AND DISCUSSION 

The s e p a r a t i o n  o f  me thapy r i l ene  h y d r o c h l o r i d e  f rom feed  and s l e e p  a i d  

t a b l e t s  was r e p o r t e d  u s i n g  a reve rsed  phase c18 column u s i n g  a m o b i l e  phase 
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828 ISSAQ AND MUSCHIK 

Q) 
u) 
C 
0 

Q) 
2 
a 

F i g u r e  2. 

cH30 

0 5 10 115 20 25 

Time (min) 

Pn HPLC chromatogram o f  t h e  f i v e  compounds separated on 
a c a t i o n  exchange volumn u s i n g  75% a c e t o n i t r i l e :  
phosphate b u f f e r  hav ing  a pH o f  7.3. 

25% 0.0005M 

o f  a (1 :1) m i x t u r e  o f  a c e t o n i t r i l e  and 1.1% ammonium ca rbona te  (5). However, 

t a i l i n g  o f  me thapy r i l ene  was observed. 

Due t o  t h e  b a s i c  n a t u r e  o f  me thapy r i l ene  and i t s  s t r u c t u r a l  analogs, 

i t  was dec ided  t o  use a c a t i o n  exchange column r a t h e r  than  a reve rsed  

phase one. P r e l i m i n a r y  r e s u l t s  i n d i c a t e d  t h a t  t h e  a d d i t i o n  o f  an o r g a n i c  

m o d i f i e r  such as methanol, a c e t o n i t r i l e  o r  t e t r a h y d r o f u r a n  t o  t h e  aqueous 

b u f f e r  s o l u t i o n  would p reven t  t a i l i n g  o f  t h e  me thapy r i l ene  peak. A c e t o n i t r i l e  
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ION EXCHANGE HPLC 829 

was s e l e c t e d  as t h e  o r g a n i c  m o d i f i e r  s i n c e  i t  i s  t h e  l e a s t  v i scous  o f  t h e  o t h e r  

two  o r g a n i c  m o d i f i e r s ,  r e s u l t i n g  i n  reduced back p ressu re  and b e t t e r  separa t i on .  

The s e p a r a t i o n  o f  t h e  m i x t u r e  o f  t h e  f i v e  components l i s t e d  i n  F i g u r e  1 

was achieved u s i n g  a 1:3 m i x t u r e  o f  0.0005M phosphate b u f f e r  (pH 7.3) and 

a c e t o n i t r i l e  ( F i g u r e  2). 

I E C  i s  reduced w i t h  an i nc rease  i n  t h e  amount o f  o r g a n i c  m o d i f i e r  added t o  t h e  

m o b i l e  phase ( 6 ) .  

n i t r i l e  f rom 50% t o  75% i nc reased  t h e  r e t e n t i o n  t i m e  f rom 1 3  t o  23 m inu tes .  

It i s  g e n e r a l l y  known t h a t  sample r e t e n t i o n  i n  

However, i n  t h i s  case, i n c r e a s i n g  t h e  volume o f  a c e t o -  

~ 

5 10 15 

Time (min) 

1 

F i g u r e  3. Same as F i g u r e  2 except  t h a t  a 1 : l  a c e t o n i t r i l e :  b u f f e r  m o b i l e  
phase was used. 
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Q) 
In 
E 
0 
P tn al a 

60% THF: Buff. 

1 + 4  

5 

L 
I I I 

10 

75% MEOH: Buff 

L 
I I I I 

10 20 

Time (min) 

F i g u r e  4. Chromatograms o f  t h e  5 component m i x t u r e  u s i n g  a c a t i o n  exchange 
column and 60% THF: b u f f e r  ( l e f t )  and 75% methanol : b u f f e r  
( r i g h t ) .  

A lso,  when t h e  volume o f  t h e  o rgan ic  m o d i f i e r  was i nc reased  f rom 50% 

a c e t o n i t r i l e  t o  75% a c e t o n i t r i l e ,  b e t t e r  r e s o l u t i o n s  were observed, compare 

F igu res  2 and 3. However, when methanol :  b u f f e r  (75:25) and t e t r a h y d r o f u r a n :  

b u f f e r  (60:40) were used as m o b i l e  phases, F i g u r e  4, t h e  separa t i ons  were 

n o t  as good as when a c e t o n i t r i l e  was used i n  t h e  m o b i l e  phase ( F i g u r e  3). 
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ION EXCHANGE HPLC 831 

Also, t h e  s e l e c t i v i t i e s ,  i.e., e l u t i o n  o r d e r  o f  t h e  5 components were 

d i f f e r e n t  u s i n g  d i f f e r e n t  o r g a n i c  m o d i f i e r s .  

A l though s l i g h t  changes i n  t h e  s t r u c t u r e  d i f f e r e n t i a t e s  between t h e  

components o f  t h e  m i x t u r e  s tud ied ,  e s p e c i a l l y  between MP and #4 w i t h  

o n l y  a p o s i t i o n a l  change o f  t h e  th iophene s u b s t i t u t i o n ,  and between # 4  and 

#5 where t h e  s u l f u r  atom was rep laced  b y  an oxygen atom, s e p a r a t i o n  was 

achieved i n  75% a c e t o n i t r i l e :  b u f f e r .  When a c h l o r i n e  atom rep laced  a 

hydrogen atom on t h e  th iophene r i n g  (#1) t h e  r e t e n t i o n  t i m e  d i f f e r e n c e  

between MP and # I  was approx ima te l y  10 m inu tes  i n  t h e  same m o b i l e  phase. 

The r e s u l t s  ( F i g u r e  2), t h e r e f o r e ,  i n d i c a t e  t h a t  I E C  HPCC can be used 

t o  separa te  p o s i t i o n a l  isomers as w e l l  as o t h e r  analogs w i t h  s l i g h t  s t r u c t u r a l  

d i f f e r e n c e s .  

o f  an o r g a n i c  m o d i f i e r  i n  I E C  would l e a d  t o  o t h e r w i s e  unachievable separa t i ons .  

The r e s u l t s  a l s o  i n d i c a t e  t h a t  t h e  use o f  h i g h  percentages 
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