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SEPARATION OF ENANTIOMERS IN 
ION-PAIR CHROMATOGRAPHIC SYSTEMS 

C. Pettersson and G.  Schill 
Department of Analy tical Pharmaceutical Chemistry 

University of Uppsala, Biomedical Center 
P. 0. Box 574 

S-751 23 Uppsala, Sweden 

ABSTRACT 

Enantiomers of ainines and acids have been separated in i o n -  
pair chromatographic systems with chiral agents present in mobile 
or stationary phase. Chiral counter ions s x h  as quinine o r  
camphorsulfonate have been used in liquid solid systems w i t h  
organic mobile phases, while the chiral complexing agents albumin 
and (+)-n-dibutyltartrate have been used in reversed phase 
systems. Regulation of retention and stereoselectivity as we1 1 as 
iinprovement of detection sensi t ivi ty  by the composition of the 
system is  discussed. 

INTRODUCTION 

D u r i n g  the las t  decade much interest  has been focused on the 
devel opment of new techniques for separation of enantiomers 
(optical isomers). The fact  that the two enantiomeric forms of a 
molecule (d rug ,  herbicide, insecticide) might have different 
effects in biological systems (1) has given r ise  t o  a strong 
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270 PETTERSSON AND SCHILL 

demand f o r  a n a l y t i c a l  methods t h a t  enable r e s o l u t i o n  o f  racemic 

m ix tu res  and q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h e  i n d i v i d u a l  
ant ipodes i n  samples o f  d i f f e r e n t  o r i g i n .  

Chroinatography has f o r  a l o n g  t i m e  been used t o  r e s o l v e  
enantiomers and f o r  d e t e r m i n a t i o n  o f  enan t iomer i c  composit ion. The 

chromatographic techn ique  i s  easy t o  operate and has fu r the rmore  
the  advantage t h a t  t h e  d e t e r m i n a t i o n  o f  o p t i c a l  p u r i t y  i s  no t  

dependent on t h e  degree o f  s p e c i f i c  r o t a t i o n  as o t h e r  types o f  
de tec to rs ,  n o t  based on measuring t h e  r o t a t i o n  o f  p l a n p o l a r i z e d  

1 i g h t  can be used. 

enantiomers i n  l i q u i d  Chromatography ( c f .  2,3). C h i r a l  s o l i d  
phases have cons ide rab le  p r a c t i c a l  advantages b u t  t h e  use o f  
c l i i r a l  agents i n  t h e  mob i l e  phase i n  combinat ion w i t h  n o n - c h i r a l  
adsorbents o f t e n  g i ves  more v e r s a t i l e  systeins. Th is  paper presents  
approaches t o  separate enant iorner ic  i o n i c  compounds u s i n g  c l i i r a l  
compl e x i  ng agents i n  i on -pa i  r chroinatographic systems. 

s e p a r a t i o n  o f  i o n i z e d  compounds i n  l i q u i d  chroinatography. A 
charged s o l u t e  (S') i s  r e t a i n e d  i n  t h e  s t a t i o i a r y  phase as a 
n e u t r a l  complex ( i o n  p a i r ,  S C )  with an i o n  o f  oppos i te  charge 

(coun te r  ion, C-). The r e t e n t i o n  can be r e g u l a t e d  by t h e  na tu re  
and t h e  c o n c e n t r a t i o n  o f  t h e  coun te r  i o n  b u t  a l s o  by o t h e r  
complexing agents i n  t h e  mob i l e  phase. The p r i n c i p l e  i s  o u t l i n e d  
i n  t h e  f o l l o w i n g  scheme. 

Many d i f f e r e n t  approaches have been used t o  separate 

Ion p a i r  chromatography i s  a techn ique  comnonly used f o r  

S t a t i o n a r y  phase 

(1) 

M o b i l e  phase s+ , P PS+ 

It i s  a l s o  p o s s i b l e  t o  i n f l u e n c e  t h e  r e t e n t i o n  by a complex ing 
agent i n  t h e  s t a t i o n a r y  phase. 

S t e r e o s e l e c t i v e  separa t i on  can be achieved by a c h i r a l  
coun te r  i o n  o r  by a c h i r a l  complexing agent. Table 1 s u m a r i z e s  
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SEPARATION OF ENANTIOMERS 271 

TABLE 1 

Separa t i on  o f  Enant iomer i  c Compounds i n  Ion -pa i  r Chromatographic 
Systems 

S u b s t r a t e  C h i r a l  agent Mob i l e  References 
phase 

Ca t ions  and anions Counter i o n  i n  Organic  (4-8) 
w i t h  H-bonding m o b i l e  phase 
groups 

Anions o f  c a r b o x y l i c  Albumin i n  Aqueous ( 9 )  
ac ids  mob i l e  phase 

1,Z-Aminoalcohols as ( + ) - d i - n - B u t y l t a r t r a t e  Aqueous (10) 
c a t i o n s  i n  s t a t i o n a r y  phase Organic  (11)  

o r  m b i  l e  phase 
--- 

t h e  ion -pa i  r chroinatographic systems f o r  s e p a r a t i o n  o f  enantiomers 

t h a t  have been s t u d i e d  by our  group. 

SEPARATION OF ENANTIOMERS AS DIASTEREOMERIC I O N  PAIRS 

The separa t i on  i s  based on t h e  f a c t  t h a t  a c h i r a l  c o u n t e r  i o n  

can b i n d  enant iomer ic  subs t ra tes  as d ias te reo ine r i c  i o n  p a i r s ,  
which w i l l  have d i f f e r e n t  d i s t r i b u t i o n  p r o p e r t i e s  i f  t h e  c o u n t e r  

i o n  has a s u i t a b l e  s t r u c t u r e .  The b i n d i n g  f o r c e s  a r e  u s u a l l y  a 

combinat ion o f  e l e c t r o s t a t i c  a t t r a c t i o n  and hydrogen bonding ( c f .  

12), and so l ven ts  o f  low p o l a r i t y  a re  no rma l l y  used t o  o b t a i n  a 
h i g h  degree o f  i o n  p a i r  f o rma t ion .  The i o n  p a i r s  can have 
d i f f e r e n t  d i s t r i b u t i o n  p r o p e r t i e s  due t o  d i f f e r e n c e s  i n  s o l v a t i o n  
i n  t h e  mob i l e  phase o r  t o  d i f f e r e n t  s t r e n g t h  i n  t h e  b i n d i n g  t o  t h e  

adsorbent. 
The method i s  ma in l y  used f o r  s e p a r a t i o n  o f  enan t iomer i c  

amines and acids, b u t  t h e  p r i n c i p l e  has a l s o  been a p p l i e d  t o  
r e s o l u t i o n  o f  enan t iomer i c  meta l  complexes (13) and t h e  amino a c i d  

t r yp tophane  (14). 
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212 PETTERSSON AND SCHILL 

Counter I o n  S t r u c t u r e  and S t e r e o s e l e c t i v i t y  

The s e l e c t i o n  o f  c h i r a l  complexing agents i s  o f t e n  made 

acco rd ing  t o  t h e  " t h r e e  p o i n t  r u l e "  which s t a t e s  t h a t  a t h r e e  
p o i n t  i n t e r a c t i o n  between t h e  c h i r a l  agent and a t  l e a s t  one o f  t h e  

enantiomers i s  necessary t o  o b t a i n  s t e r e o s e l e c t i v e  r e t e n t i o n  (15).  
However, t h e  p r i n c i p l e  i s  no t  r e a d i l y  a p p l i c a b l e  t o  d i a s t e r e o m e r i c  
i o n  p a i r s  and coun te r  i ons  a re  u s u a l l y  se lec ted  as t o  g i v e  a two 

p o i n t  b i n d i n g  w i t h  t h e  s u b s t r a t e s  ( c f .  r e f .  16). Some examples a r e  

g i  ven be1 ow. 
(+)-10-Camphorsulfonic a c i d  has been used as t h e  c h i r a l  

counter  i o n  f o r  separa t i on  o f  enan t iomer i c  arninoalcohols (4,5). 
Szepesi et  al. ( 1 7 )  used t h e  a c i d  t o  r e s o l v e  enantiorners o f  

some a l k a l o i d s .  It i s  a s t r o n g  a c i d  w i t h  r i g i d  s t r u c t u r e  due t o  
t h e  b r i d g e  i n  t h e  r i n g  system. The two p o i n t  b i n d i n g  t o  a c a t i o n i c  

s u b s t r a t e  can be achieved by t h e  charged group and by t h e  hydrogen 
accep t ing  0x0 group t h a t  can g i v e  a s t r o n g  i n t e r a c t i o n  w i t h  a 
hydrogen dona t ing  f u n c t i o n  i n  t h e  s u b s t r a t e  (see F ig .  1). The 
ca inphorsul fon ic  a c i d  and brorno analogues t h e r e o f  g i v e  a f a i r l y  low 

s t e r e o s e l e c t i v i t y  with separa t i on  f a c t o r s  ( a )  o f  about 1.1 ( 4 )  
f o r  enantiorners o f  1,2-aminoalcohols. 

A much h i g h e r  s t e r e o s e l e c t i v i t y  w i t h  a=1.4 f o r  t h e s e  
aininoalcohols can be ob ta ined  w i t h  N-carbobenzoxycarbonyl-glycine- 
L - p r o l i n e  (ZGP) as c h i r a l  coun te r  i o n  ( F i g .  2 )  (8). 

Raceinic s u l f o n i c  and c a r b o x y l i c  a c i d  have been separated w i t h  

o p t i c a l l y  a c t i v e  aminoalcohols  as c h i r a l  coun te r  i ons  i n  t h e  

mob i l e  phase (Fig. 3 )  (6,7). The c h i r a l  s e l e c t i v i t y  i s  h i g h l y  
dependent on t h e  s t r u c t u r e  o f  t h e  c h i r a l  coun te r  i o n  as 

demonstrated i n  a s tudy with 10-carnphorsulfonic a c i d  as s u b s t r a t e  
(Table 2 ) .  A l p r e n o l o l  w i t h  t h e  b i n d i n g  groups (amine and a l c o h o l )  
i n  an a l k y l  c h a i n  gave f a i r l y  low s t e r e o s e l e c t i v i t y .  Q u i n i n e ,  
q u i n i d i n e  and c inchon id ine ,  which a l s o  have a two carbon c h a i n  

between t h e  hyd roxy l  and t h e  arnine, gave c o n s i d e r a b l y  h i g h e r  
separa t i on  f a c t o r s  p robab ly  due t o  t h e  f a c t  t h a t  t h e  b i n d i n g  
groups are s i t u a t e d  i n  a r i g i d  r i n g  system w i t h  b u l k y  groups i n  
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C H 3  
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C H 2  - C H 2  \ 

FIGURE 1. Model f o r  I n t e r a c t i o n  between t h e  (+ ) - lo -  
Cariiphorsul f o n i c  a c i d  and A m i  noal  coho1 s. 

L 

I I I I 1 
MIN 6 0 

FIGURE 2. Separa t i on  o f  (R,S)-a lprenolo l .  
S o l i d  phase: L iChrosorb DIOL. Mob i l e  phase: ZGP 2,5 mM and 
t r i e t h y l a m i n e  1 lrEl i n  dichloroinethane (80 ppm H20) 
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1. 
OH 

QO-CH2-CH-CH2- I NH-CH /CH3 

'CH3 
CH2- CH=CH2 

z .  

FIGURE 3. Counter i o n  s t r u c t u r e s .  
1. a1 p r e n o l o l  
2 .  quin ine,  X = OCH3, [3(R), 4(S), 8(S), 9(R)1 

q u i n i d i n e ,  X = OCH3, [3(R), 4(S), 8(R), 9 ( S ) l  
c inchon id ine ,  X = H, [3(R), 4(S), 8(S), 9 ( K ) ]  

TABLE 2 

I n f l u e n c e  o f  Counter I o n  S t r u c t u r e  on t h e  S t e r e o s e l e c t i v e  
R e t e n t i o n  o f  10-camforsul phonic A c i d  

S o l i d  phase: L iChroso rb  DIOL. Mob i l e  phase: s a l t  o f  c h i r a l  
c a t i o n  i n  m t h y l e n e  c h l o r i d e  t 1-pentanol. 

C h i r a l  s a l t  Content 1-Pentanol a 
mol/L 104 % +/- 

(+)-A1 p r e n o l o l  c h l o r i d e  10 .o 
( - ) - Q u i n i n e  c h l o r i d e  3.0 

(- ) -Qui  n i n e  a c e t a t e  3.5 

( + ) - Q u i n i d i  ne a c e t a t e  3.5 

( -  ) - C i  nc honi  d i  ne a c e t a t e  3.5 

0 0.95 

1 1.33 

1 1.47 

1 0.77 

1 1.24 

k' o f  ( + ) - f o r m  

k' o f  (+ ) - fo rm 
a =  

+I - 
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SEPARATION OF ENANTIOMERS 275 

t h e  v i c i n i t y  o f  t h e  c h i r a l  centers .  S i m i l a r  r e s u l t s  have a l s o  been 
ob ta ined  w i t h  enant io iner ic  ca rboxy l  i c  ac ids  as subs t ra tes .  

Sample S t r u c t u r e  and S t e r e o s e l e c t i v i t y  

A s tudy o f  t h e  s t r u c t u r a l  requi rements f o r  c h i r a l  r e s o l u t i o n  

o f  aminoalcohols w i t h  (+)-10-camphorsulfonic a c i d  as c h i r a l  
coun te r  i o n  i s  presented i n  Table 3 (5) .  No s e p a r a t i o n  o f  
enantiomers was ob ta ined  f o r  compounds w i t h  more t h a n  two a1 k y l  

carbons between t h e  amine and t h e  hyd roxy l  group, which emphazises 
t h e  importance o f  t h e  two p o i n t  b i n d i n g  f o r  t h e  s t e r e o s e l e c t i v e  

r e t e n t i o n  o f  t h e  d i a s t e r e o n e r i c  i o n  p a i r s .  
I n t r o d u c i n g  s u b s t i t u e n t s  i n  t h e  aromat ic  r i n g  o r  hav ing  t h e  

aromat ic  r i n g  d i r e c t l y  bound t o  t h e  asymmetric carbon atom had no 

s i g n i f i c a n t  e f f e c t  on the  s t e r e o s e l e c t i v i t y  i n  i m s t  cases. 
The s i z e  o f  t h e  s u b s t i t u e n t  a t  t h e  n i t r o g e n  seems t o  be o f  

l e s s  importance than  i t s  b i n d i n g  p r o p e r t i e s .  No s t e r e o s e l e c t i v i t y  

was ob ta ined  when an a l k y l a r y l  yroup was a t tached  t o  t h e  amine 
f u n c t i o n ,  w h i l e  separa t i on  o f  enantiomers was ob ta ined  when t h e  
group con ta ined  a p o l a r  f u n c t i o n  e.g. arnide. 

group a l s o  seems t o  be v i t a l  f o r  t h e  separa t i on  o f  e n a n t i o m e r i c  
aini noalcohol  s w i t h  ZPG (N-carbobenzoxycarbonyl-glyci ne-L-pro1 i ne) 

as t h e  c h i r a l  coun te r  i o n  (8). 

u s i n g  q u i n i n e  o r  one o f  t h e  r e l a t e d  aminoalcohols  as c h i r a l  
coun te r  i o n  a l s o  seeins t o  r e q u i r e  a two p o i n t  b i n d i n g  between t h e  
i o n  p a i r  components. The s u b s t r a t e  must c o n t a i n  a p o l a r  f u n c t i o n ,  
bes ide  t h e  c a r b o x y l i c  group, t h a t  can g i v e  f u r t h e r  i n t e r a c t i o n s ,  

e.g. a hydrogen bondiny i n  a d d i t i o n  t o  t h e  e l e c t r o s t a t i c  

a t t r a c t i o n .  Some examples o f  enantiomer separa t i ons  a r e  g i ven  i n  
Tab le  4 (6). 

shows no s t e r e o s e l e c t i v e  s e p a r a t i o n  i n  c o n t r a s t  t o  

A two carbon d i s t a n c e  between t h e  hyd roxy l  and t h e  amine 

The s t e r e o s e l e c t i v e  r e t e n t i o n  o f  enantiomers o f  a c i d s  when 

2-Phenyl p r o p i o n i c  acid, w i t h o u t  a d d i t i o n a l  p o l a r  f u n c t i o n ,  
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TABLE 3 

Separation o f  Enantiomeric Carboxyl ic Acids 

R 1  R2 R3 R4 a 

1 

2 

3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.09 

1.00 

1.00 

1.09 

1.08 

1.08 

1.00 

1.08 

1.09 

1.09 

1.11 

1.11 

1.11 

1.00 

1.00 

S o l i d  phase: LiChrosorb DIOL. Mobile phase: (+)-10-camphorsulfonate 
2.2*10-3 M i n  inethylene ch lo r i de  t 1-pentanol (199+1). 
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TABLE 4 

277 

Separat ion o f  Enan t iomer i c  C a r b o x y l i c  Ac ids  

S o l i d  phase: L iChrosorb DIOL. Mob i l e  phase: q u i n i n e  and a c e t i c  
a c i d  0.30 mM i n  CH2C12 + 1-pentanol  (99+1) 

A c i d  R 1  R2 R3 R4 a 
~~ 

0-Met hylmandel i c -COOH 

a - M e t h o x y - a - t r i f  1 uoro- -COOH 
methy l  phenyl ace t  i c 

T r o p i c  -COOH 

A t r o l a c t i  c -COOH 

2-Phenoxypropionic -COOH 

2 -Pheny lp rop ion i c  -COOH 

Naproxen -COOH 

N - (  ph tha lamic  1-Phenylethy1)-  ac.:H: 
0 

-Ph 

-Ph 

-Ph 

-Ph 

-0Ph 

-Ph 

-Nap hOCH3 

-Ph 

-OCH3 -H 1.18 

-OCH3 -CF3 1.11 

-CHzOH - t i  1.15 

-OH -CH3 1.00 

-H -CH3 1.30 

-H -CH3 1 - 0 0  

-H -CH3 1 - 0 0  

-H -CH3 1.15 

R 1  - R4 a r e  t h e  groups bound t o  t h e  c h i r a l  carbon. 

2-phenoxypropion ic  acid. Even r a t h e r  weakly hydrogen bonding 

f u n c t i o n s  seem t o  be s u f f i c i e n t  f o r  e n a n t i o s e l e c t i v i t y  as 

i l l u s t r a t e d  by t h e  f a i r l y  h i g h  separa t i on  f a c t o r s  ob ta ined  f o r  
methoxyder i  v a t i  ves o f  rnandel i c  acid. The absence o f  c h i  r a l  

r e s o l u t i o n  f o r  a t r o l d c t i c  a c i d  i s  so f a r  no t  expla ined.  The 

r e s o l u t i o n  o f  (+/-)-N-tert-butoxycarbonyl -phenyla lan ine,  

c o n t a i n i n g  a c a r b o x y l i c  and an amide group u s i n g  q u i n i d i n e  as 

c h i r a l  counter  i o n  i s  shown i n  F ig .  4 (6). 
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278 PETTERSSON AND SCHILL 

min 10 5 0 

FIGURE 4. Resolut ion o f  (+/-)-N-t-BOC-phenylalanine. 
So l i d  phase: LiChrosorb DIOL. Mobile phase: qu in id ine  0.35 mM and 
acet ic  ac id  0.35 mt4 i n  inethylene c h l o r i d e  + 1-pentanol [99+11 

Regulat ion o f  Retent ion and S te reose lec t i v i t y  

The capaci ty fac to rs  f o r  the  enantiotners usua l ly  decrease as 
the  concentrat ion o f  the counter i o n  increases, probably due t o  a 
competit ive d i s t r i b u t i o n  o f  the counter i o n  and the  diastereomeric 
i o n  pa i rs  t o  the same adsorpt ion s i t e s  on the s ta t i ona ry  phase. 

Add i t ion  o f  competing p ro to l y tes  o f  t he  same k ind  as the 
so lu te  are f u r t h e r  means t o  a f f e c t  the r e t e n t i o n  (5-7).  The 
p r o t o l y t e  can compete i n  uncharged form o r  as i o n  p a i r  f o r  t he  
b ind ing  capaci ty o f  the s ta t i ona ry  phase. Studies on carboxy l i c  
acids w i t h  quinine as counter i on  have ind ica ted  a complex 
r e t e n t i o n  mechanism (6,7). 
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SEPARATION OF ENANTIOMERS 219 

The r e t e n t i o n  can a l s o  be decreased by a d d i t i o n  o f  p o l a r  
components such as 1-pentanol t o  t h e  mob i l e  phase. The decrease i n  

r e t e n t i o n  i s  u s u a l l y  accompanied by a decrease i n  

s t e r e o s e l e c t i v i t y ,  probably  due t o  a c o m p e t i t i o n  by  1-pentanol  f o r  

t h e  hydrogen bonding groups i n  t h e  i o n  p a i r  components (4-6). The 
e f f e c t  i s  p a r t i c u l a r l y  s t r o n g  f o r  subs t ra tes  hav ing  s t r o n g l y  

hydrogen bonding s u b s t i  t uen ts .  

The water  con ten t  o f  t h e  mobi le  phase a l s o  has a pronounced 

i n f l u e n c e  on r e t e n t i o n  and s t e r e o s e l e c t i v i t y ,  and t h e  e f f e c t  seems 
t o  be dependent on t h e  na tu re  o f  t h e  so lu te .  Systems w i t h  a very 

l w  wate r  con ten t  g i v e  p r a c t i c a l  problems such as l o n g  

e q u i l i b r a t i o n  t i m e  and u n s t a b l e  re ten t i ons .  A water  con ten t  o f  

80-90 p p  can be recommended. It g ives  f a s t  e q u i l i b r a t i o n  and 

cons tan t  r e t e n t i o n  w i t h o u t  s i g i n i f i c a n t  l o s s  o f  s t e r e o s e l e c t i v i t y  

( 7 ) .  
The r e t e n t i o n  and t h e  Chromatographic behaviour  o f  t h e  

d ias te reo ine r i c  i o n  p a i r s  i s  h i g h l y  dependent on t h e  p r o p e r t i e s  o f  

t h e  adsorb ing s t a t i o n a r y  phase. L iChroso rb  DIOL,  a s u r f a c e  
m o d i f i e d  s i l i c a  w i t h  h y d r o p h i l i c  p r o p e r t i e s ,  i s  u s u a l l y  p r e f e r r e d  

as adsorbent s i n c e  i t  g ives  good s t e r e o s e l e c t i v i t y  and b e t t e r  

chromatographic performance f o r  bo th  c a t i o n i c  and a n i o n i c  
enantiomers than  inore hydrophobic  adsorbents (5,7). The c h i r a l  
r e s o l u t i o n  o f t e n  changes s i g n i f i c a n t l y  with t h e  p r o p e r t i e s  o f  t h e  
adsorbent and a change o f  s t a t i o n a r y  phase present  means t o  

o p t i m i z e  t h e  s t e r e o s e l e c t i  v i t y .  

I n d i r e c t  Pho tomet r i c  D e t e c t i o n  i n  Systems w i t h  UV Absorb ing  
Counter Ions 

For  compounds w i t h  low UV a b s o r p t i v i t y  t h e  d e t e c t i o n  

s e n s i t i v i t y  i s  d r a s t i c a l l y  i nc reased  i n  systems w i t h  a UV 

absorb ing  coun te r  i o n  such as quin ine.  It i s  due t o  t h e  f a c t  t h a t  
t h e  i n j e c t i o n  o f  a s o l u t e  g i v e s  r i s e  t o  a d isp lacement  o f  t h e  

e q u i l i b r i a  i n  t h e  i n j e c t i o n  zone and as a consequence t h e  s o l u t e  
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280 PETTERSSON AND SCHILL 

w i l l  m i g r a t e  surrounded by a mob i l e  phase w i t h  another  compos i t i on  
than  t h e  normal ( c f .  r e f .  6). The d e t e c t o r  w i l l  r e g i s t e r  t h e  
change i n  t h e  c o n c e n t r a t i o n  o f  t h e  UV absorb ing mob i l e  phase 

component, which i s  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  t h e  
m i g r a t i n g  so lu te .  

t he  enant iomer ic  forins o f  10-camphorsulfonate i n  a system w i t h  

q u i n i n e  as c h i r a l  coun te r  i o n  (6) .  The d e t e c t i o n  i s  made a t  337 nm 

where 10-camphorsulfonate i s  w i t h o u t  absorbance and t h e  
enantiorl lers a r e  de tec ted  s o l e l y  by changes i n  coun te r  i o n  
concen t ra t i on .  The nega t i ve  peak, S, i s  c h a r a c t e r i s t i c  f o r  t h e  

system (system peak). It w i l l  appear b d t h  t h e  same r e t e n t i o n  on 

An example i s  g iven i n  F ig .  5 which shows t h e  s e p a r a t i o n  o f  

any i n j e c t i o n  i n  t h e  system, independent o f  t h e  na tu re  o f  t h e  

i n j e c t e d  so lute.  
The d e t e c t o r  response i s  p r o p o r t i o n a l  t o  t h e  amount o f  so 

i n j e c t e d .  A q u a n t i t a t i v e  exp ress ion  f o r  t h e  d e t e c t i o n  s e n s i t i v  
i s  g iven by the  c o n d i t i o n a l  molar  a b s o r p t i v i t y .  6 * ,  which i s  

Ute 

t Y  

t h e  peak area i n  absorbance u n i t s  d i v i d e d  by t h e  amount o f  s o l u t e  
i n j e c t e d  ( i n  moles) (6).  

The c o n d i t i o n a l  molar  a b s o r p t i v i t y  has a maxirnum when t h e  
s o l u t e  peak and t h e  system peak c o i n c i d e  and i t  decreases a t  l ower  

and h ighe r  r e t e n t i o n .  However, t h e  c o n d i t i o n a l  m l a r  a b s o r p t i v i t y  
i s  dependent not  o n l y  on t h e  r e t e n t i o n  and t h e  mo la r  a b s o r p t i v i t y  
o f  t he  UV absorb ing mobi le  phase component but  t o  some e x t e n t  a l s o  

on t h e  na tu re  o f  t h e  s o l u t e  (6). 

SEPARATION OF ENANTIOMERS WITH ALBUMIN AS CHIRAL COMPLEXING AGENT 

Albumin i s  one o f  t h e  main t r a n s p o r t  p r o t e i n s  i n  b lood  plasma 
and i t  i s  known t o  g i v e  s t e r e o s p e c i f i c  i n t e r a c t i o n s  w i t h  o rgan ic  
molecules (18). These s t e r e o s p e c i f i c  b i n d i n g  p r o p e r t i e s  o f  a lbumin 
have been u t i l i z e d  i n  l i q u i d  chromatography f o r  s e p a r a t i o n  o f  

o p t i c a l  isomers. I n i t i a l l y  t h e  p r o t e i n  was bound t o  a s o l i d  m a t r i x  
(19-21), b u t  l a t e l y  i t  has a l s o  been used as c h i r a l  a d d i t i v e  i n  
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min 10 5 0 

FIGURE 5. R e s o l u t i o n  o f  (+/-)-10-camphorsulfonic ac id .  
S o l i d  phase: L iChroso rb  DIOL. Mob i l e  phase: q u i n i n e  0.35 mM and 
a c e t i c  a c i d  0.35 mM i n  methylene c h l o r i d e  + 1-pentanol  [99+11. 

t h e  mob i l e  phase (9,22). The b i n d i n g  mechanism i s  n o t  known i n  
d e t a i l  but  it i s  b e l i e v e d  t o  i n v o l v e  e l e c t r o s t a t i c  a t t r a c t i o n ,  

hydrogen bonding and hydrophobic  i n t e r a c t i o n s .  

enantiomers i n  i o n - p a i r  chromatographic systems w i t h  a hydrophobic  

adsorbent and a lbumin as c h i r a l  cornplexi ng agent i n  t h e  aqueous 

mob i l e  phase. D i f f e r e n t  k i n d s  o f  racemic s o l u t e s  have been 

separated, e.g., mono- and d i v a l e n t  c a r b o x y l i c  ac ids  (9 )  and 

t r yp tophane  (9,22). The chromatographic techn ique  has a l s o  been 

used f o r  d e t e r m i n a t i o n  o f  t h e  b i n d i n g  a f f i n i t y  t o  t h e  p r o t e i n  

(23). A coniplete r e s o l u t i o n  o f  t r yp tophane  enantioiners wi th  human 

serum albumin i n  t h e  mob i l e  phase i s  shown i n  F ig .  6 (9). 

Our s t u d i e s  have been concen t ra ted  on separa t i ons  o f  a n i o n i c  
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I 0.002 A 

b I I 1 I 1 

0 1 2 3 4 5 6 WIN 

FIGURE 6. R e s o l u t i o n  o f  D,L-tryptophan. 
S o l i d  phase: L iChrosorb RP-2. Mob i l e  phase: 20 M HSA i n  

3.0 M. D e t e c t i o n :  2 8 0  nm. 
phosphate b u f f e r  pH 6.5 ( , u = O . l ) .  S o l u t e  concen t r a t i o n :  

Regu la t i on  o f  R e t e n t i o n  and S t e r e o s e l a c t i v i t y  

The p r i n c i p l e s  f o r  r e g u l a t i o n  o f  t h e  r e t e n t i o n  i n  an i o n - p a i r  
chromatographic system with a complexi ng agent such as a1 bumi ti i n  

t h e  mobi le  phase have a l ready  been o u t l i n e d  above (eq. 1). The 

r e t e n t i o n  o f  an anion i s  r e g u l a t e d  by t h e  c o n c e n t r a t i o n  o f  a lbumin 
and by the  na tu re  and t h e  c o n c e n t r a t i o n  o f  t h e  coun te r  i o n  i n  t h e  

mob i l e  phase. I nc rease  o f  t h e  c o n c e n t r a t i o n  o f  t h e  p r o t e i n  w i l l  
i nc rease  t h e  b i n d i n g  o f  t h e  an ion  t o  t h e  mob i l e  phase and decrease 
t h e  r e t e n t i o n .  I nc rease  o f  t h e  c o n c e n t r a t i o n  and h y d r o p h o b i c i t y  o f  

t h e  counter  i o n  w i l l  i nc rease  t h e  b i n d i n g  t o  t h e  adsorbent and 
i ncrease re ten t i on .  When t h e  coun te r  i o n  c o n c e n t r a t i o n  i s  
constant ,  albumin (P) i s  used i n  s u f f i c i e n t  excess and t h e  
adsorbent has such pore s i z e  t h a t  a lbumin i s  excluded, t h e  

r e t e n t i o n  o f  t h e  anion, X-, w i l l  f o l l o w  t h e  r e l a t i o n s h i p  ( 9 ) :  
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llk' 
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FIGURE 7. In f luence o f  Albumin on Retent ion and 
S te reose lec t i v i t y  f o r  Enantioqers o f  2-phenoxypropionic acid. 

1 

k '  
O a n d  A = - f o r  (+)- and (-)-enantiomer, respec t ive ly .  

0 = separat ion fac to r .  
S o l i d  phase: L i  Chrosorb RP-18. Mobile phase: HSA i n  phosphate 
b u f f e r  pH 6.5 (p=O.l). Solute concentrat ion:  9.8 10-5M 

( K x P ( ~ )  = b ind ing  constant t o  the b ind ing  s i t e  Pi on albumin, 

ni = number o f  b ind ing  s i t e s  Pi and B i s  a constant). 
The eq. shows tha t  there should be a l i n e a r  r e l a t i o n s h i p  

between l / k ' x  and the albumin concentrat ion. P l o t s  i n  accordance 

w i th  t h i s  eq. f o r  the enantioiners o f  2-phenoxypropionic ac id  are 
shown i n  Fig. 7 (9). The b ind ing  a f f i n i t y ,  ni.KXP(i), can be 
estimated froin the  quot ient  between the slope and the in te rcept .  

might impair  a d i r e c t  Dhotometric de tec t ion  o f  solutes a t  
wavelengths below 280 nm. This d i f f i c u l t y  can be avoided by an 
i n d i r e c t  de tec t ion  technique, using a counter i on  w i t h  absorbance 
a t  wavelengths higher than 280 nm. An example i s  given i n  Fig. 8. 

It shows the separation o f  the enantiomers o f  a carboxy l i c  acid, 
a-met hoxy-a-tr i f 1 uoromet hy 1 phenyl ace t i c  ac i  d, w i t h  a 1 bumi n and 

The use o f  h igh  concentrat ions o f  albumin i n  the mobi le phase 
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S Y S T E M  P E A K  

0 5 10 15 M I N  

FIGURE 8. 
phenylacetic acid. 
Sol i d  phase: Phenyl I iypersi  1. Mobile phase: 
1 -e thy lqu ino l in ium 200 

Resolut ion o f  (+/-)-a-methoxy-a-tr i  f 1 uoromethyl- 

HSA 24 IM + M i n  phosphate b u f f e r  pH 6. 
(/u=O.l). Detection: 32 s" nm. 

detected by the  changes i n  the  concentrat ion o f  the UV absorbing 
counter ion, 1-ethylquinol iniurn, having an absorbance maximum a t  

328 nrn (9). 

phase. However, t h i s  might give r i s e  t o  unpredictable va r ia t i ons  
i n  the s te reose lec t i v i t y  due t o  changes i n  the b ind ing  s i t e s  on 
the p ro te in  molecule (24). 

The re ten t i on  can also be var ied by changing pH i n  the mobile 

Sol Ute St ruc ture  and Stereosel ec t  i v i  ty 

The c h i r a l  b ind ing  s i t e s  on albumin and the mechanism f o r  the  
s te reose lec t ive  re ten t i on  are not known i n  any d e t a i l .  Studies on 
carboxylates have ind ica ted  tha t  a po la r  group, i n  add i t i on  t o  the  
carboxy l i c  funct ion,  i s  necessary t o  ob ta in  s te reose lec t ive  
retent ion.  However, small changes i n  the groups bound t o  the  
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SEPARATION OF ENANTIOMERS 285 

chiral center and changes in the distances between the groups can 
have drastic effects on the separation factors. Some examples are 
given in Table 5. 

they are unequal with respect t o  resolution of enantioiners. 
Differences in amino acid content and amino acid sequence might be 
the reason for the different binding properties (cf.20). 

Studies with albumin from different species have shown t h a t  

SEPARATION OF ENANTIOMERS WITH (+)-DI-n-BUTYLTARTRATE 
AS C H I R A L  COMPLEXING AGENT 

The stereoselective effects of t a r ta r ic  acid esters were 
f i r s t  shown by Prelog et a l .  (25)  in  liquid-liquid 
distribution studi cs on enantiomeric ami noalcohol s. The t a r t a r i c  
acid esters were added t o  the organic phase and an unequal 
distribution of the enantioiners was observed when they were 
distributed as ion pairs with a non-chiral counter ion, e.g., 
hexafl uorophosphate. 

The principle of using esters of ta r ta r ic  acid as chiral 
coinplexing agents was la te r  transferred t o  HPLC (10). The 
dibutylester of ta r ta r ic  acid ( D B T )  i s  applied as stationary phase 
on a hydrophobic adsorbent by pumping DBT equilibrated aqueous 
;nobile phase through the column. Careful thermostatting i s  needed 
t o  obtain stable chromatographic systems. 

A separation of the enantiomers of the physiologically 
important aminoalcohol norephedrine i s  shown in Fig. 9 (10). 
Hexafluorophosphate is  used as counter ion. Results from studies 
of other aminoalcolhols in the same chromatographic system are 
given i n  Table 6. 

the stereoselecti vity, whereas bulky substituents a t  the amine 
group seems t o  decrease the separation factor. 

A resolution model has been proposed (25). I t  i s  based on 
differences in a three p o i n t  hydrogen bonding between the 

The introduction of methyl groups a t  the 2-carbon increase 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



286 PE’ITERSSON AND SCHILL 

TABLE 5 

S o l u t e  S t r u c t u r e  and S t e r e o s e l e c t i v i t y  

S o l i d  phase: 
i n  phosphate b u f f e r  ph 6.5 ( p  = 0.1) 

L iChroso rb  RP-18. Mob i l e  phase: 20 pM HSA 

R3 -C- COOH 

I 
R 2  

S o l u t e  R 1  R2 R3 a 

a-Methoxyphenyl a c e t i c  
a c i d  

T r o p i c  a c i d  

Mandel i c a c i d  

A t r o l a c t i c  a c i d  

2-P henyl  p r o p i  oni c a c i d  

2-Phenoxypropionic a c i d  

2-Methoxymandelic a c i d  

3-Methoxymandelic a c i d  

3-P henyl  1 a c t  i c aci  d 

‘6 H5 

‘gH5 

‘sH5 

‘GH5 

‘tiH5 

‘sH5’ 

CH3 0 - c ~  ti5 

CH3 0-Cg H5 

% H5-CH2 

OCH3 

CH 20H 

OH 

OH 

H 

H 

OH 

OH 

OH 

H 1.30 

H 1.15 

H 1.00 

CH3 1.56 

CH3 1.00 

CH3 2.19 

H 1.00 

ti 1.12 

H 1.16 
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F I G U R E  9. Separation of enantiomers o f  norephedrine. 
Sol id  Phase: Phenyl Iiypersil.  Stationary phase: 
Di-n-butyl-L-tartrate. Mobile phase: 90 nt4 hexafluorophasphate in  
phosphate buffer pH 6.4. 

enantiorneric arninoalcohols and the t a r t a r i c  acid e s t e r .  However, 
r e su l t s  froin experiments with t e r t i a r y  amines have indicdted tha t  
the ch i ra l  complexing e f f e c t  i s  not r e s t r i c t e d  to  aminoalcohols. 

Esters o f  t a r t a r i c  acid can a l so  be used as complexing agents 
in systems with an organic mobile phase and an aqueous s t a t iona ry  
phase. The s t e reose l ec t iv i ty  i s  somewhat higher than tha t  obtained 
with DBT in reversed phase systems (11). 

CONCLUSION 

The ion-pair chromatographic systems with chi ral agents in  
mobile or s ta t ionary  phase can be applied to  separation of  

enantiomeric ions of widely d i f f e ren t  kinds. The systems a r e  
highly v e r s a t i l e  and give good p o s s i b i l i t i e s  t o  a systematic 
regulation o f  retention and s t e reose l ec t iv i ty .  
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