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HIGH EFFICIENCY LIGAND EXCHANGE 
CHROMATOGRAPHY OF AMINO ACID 

ENANTIOMERS 

D. Charmot, R. Audebert, and C .  Quivoron 
La borato ire de Ph ysico-Ch im ie Macrom olkculaire 

de I’UniversitB P. et  M.  Curie (UA 278)  
ESPCI 10, rue Vauquelin 75231 
Paris Cedex 05 France 

SUMMARY 

We obta ined  r e s o l u t i o n  of a-amino a c i d s  w i t h  an e f f i c i e n c y  
i n  t h e  range of 10 000-25 000 p l a t e s / m  and a s e l e c t i v i t y  f a c t o r  i n  
t h e  range of 1.12-2.5 wi th  packings e a s i l y  prepared by a d s o r p t i o n  
of c h i r a l  polymers on a chromatographic s i l i c a .  

INTRODUCTION 

Ligand exchange chromatography appears  t o  be a powerful t e c h n i -  

que f o r  enantiomer r e s o l u t i o n  ( 1 - 2 ) .  The s e l e c t i v i t y  parameter ,  a ,  

( r a t i o  of the  c a p a c i t y  f a c t o r s  of t h e  two enant iomers)  can u s u a l l y  

be b e t t e r  than 2 ( 3 - 4 ) .  However, w i t h  c h i r a l  packings ,  t h e  f i n a l  

chromatographic r e s o l u t i o n  i s  g e n e r a l l y  poor : f o r  example, t y p i -  

c a l l y  500 p la tes /m f o r  our  packings obta ined  by s i n g l e  a d s o r p t i o n  

of a copper complexed c h i r a l  polymer on a 5pm s i l i c a .  

T h i s  i s  not  due t o  poor f i l l i n g  of t h e  column, nor t o  a slow 

phys ica l  mass t r a n s f e r  t o  t h e  s o l u t e  i n  t h e  s t a t i o n a r y  phase s i n c e ,  
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1770 CHARMOT, AUDEBERT, AND QUIVORON 

f o r  non-complexed s p e c i e s  we observed r e a s o n a b l e  r e s o l u t i o n  ( f o r  

i n s t a n c e  about 16 000 p?ates/m f o r  D20). 

In such a systems. t h e  ?igand i n  t h e  s t a t i o n a r y  phase mainly 

e x i s t s  i n  t h e  form of a complex G Cu S accord ing  t o  t h e  e q u i l i b r i u m  

L 

G C u G + S  4 G C u S + G  [ I 1  

\ h e r e  S is a s o l u t e  and G a c h i r a l  moiety t h a t  i s  g r a f t e d  onto  a 

polymer. G and S ensure  m u l t i d e n t a t e  complexat ion towards copper .  

C o n s e q u e n t l v ,  t h e  mean l i f e t i m e  o f  t h e  s t e r e o c o m p l e x G  Cu S 

i s  g e n e r a l l y  l a r g e  (6) i n  comparison w i t h  t h e  mean r e s i d e n c e  time 

of a non-complexed s o l u t e  molecule when it  e n t e r s  i n t o  t h e  s t a t i o -  

nary  phase. This  e x p l a i n s  the  observed poor e f f i c i e n c y  and t h e  

t a i l i n g  of t h e  peaks. 

To improve t h e  speed of decomplexation of S ,  we have previous-  

l y  shown t h a t  an i n c r e a s e  i n  temperature  was e f f e c t i v e  when t h e  

packing was a g e l  (5) .  We t e s t e d  t h i s  approach w i t h  s i l i c a - s u p p o r -  

ted  polymers. But a b e t t e r  way was t o  in t roduce  i n t o  t h e  mobile  

phase a compound which is a monodentate complexant of copper .  We 

used amnonia, which competes wi th  the  s o l u t e ,  reducing  t h e  l i f e t i m e  

of G Cu S .  But, a t  t h e  same time, t h e  s o l u t e  c o n c e n t r a t i o n  i n  t h e  

s t a t i o n a r y  phase is diminished.  T h i s  l a t t e r  e f f e c t  i s  counterba lan-  

ced by decreas ing  t h e  s o l u b i l i t y  of S i n  t h e  mobile  phase.  And f i n a l -  

l y ,  w e  proposed a t e r n a r y  mixture  water/acetonitrile/amonia. 

EXPERIMENTAL 

We used c l a s s i c a l  chromatographic c o n d i t i o n s  and a p p a r a t u s  

which have p r e v i o u s l y  been descr ibed  ( 3 , 4 ) .  However a s  t h e r e  i s  

a r i s k  of s i l i c a  d i s s o l u t i o n  we added a precolumn, f i l l e d  w i t h  

pure s i l ica .  

A s  s t a t i o n a r y  phases ,  we used l i n e a r  polymers based on a c r y l a -  

mide (A) and a copolymer of acrylamide and of a v i n y l p y r i d i n e  

d e r i v a t i v e  (B) (4 ,5 ,8 ) .  
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AMINO ACID ENANTIOMERS 1771 

In  type  A polymer,  t h e  L-p ro l ine  c a p a c i t y  was 0.86meqlg ( 1 1 %  of 

o r i g i n a l  u n i t s  of t h e  po lyac ry lamide  were g r a f t e d  by L - p r o l i n e ) .  

Fo r  type  B,  t h e  c h i r a l  u n i t s  were 48% i n  t h e  copolymer.  

- CH2-CH- 
I 

C = O  
I 

NH 
I 

The pack ings  were n o t  s y s t e m a t i c a l l y  s a t u r a t e d  w i t h  coppe r  ; 

we s t u d i e d  t h e  i n f l u e n c e  of t h e  pa rame te r  r ( r  = number o f  coppe r  

atoms/number of L -p ro l ine  m o i t i e s ) .  The compos i t ion  of t h e  m o b i l e  

phase  i s  a d j u s t e d  by mixing t h e  a p p r o p r i a t e  volumes of d e i o n i z e d  

wa te r  ( M i l l i p o r e  " M i l l i - Q "  s y s t e m ) ,  a c e t o n i t r i l e  ( a n a l y t i c a l  g r a d e )  

and ammonia ( a n a l y t i c a l  g r a d e ) .  The e l u t i o n  of abou t  20-50ml o f  

e l u e n t  i s  n e c e s s a r y  t o  e q u i l i b r a t e  t h e  column. Under normal  cond i -  

t i o n s ,  p r a c t i c a l l y  no copper  i s  e l u t e d  ; however,  a l i t t l e  p a r t  

of t h e  coppe r  i s  complexed by s o l u t e s  (complexes S Cu S) and can  b e  

d e t e c t e d  by U . V .  s p e c t r o s c o p y  (254nm). I f  t h e  r a t e  i n  a c e t o n i t r i l e  

i n  t h e  e l u e n t  i s  l a r g e  enough (> 50%) t h e  sys t em i s  v e r y  s t a b l e ,  

even f o r  an e l u e n t  c o n t a i n i n g  up t o  0 .4mole/ l  of ammonia. 

INFLUENCE OF TEMPERATURE 

By u s i n g  a po lyac ry lamide  based  g e l  a s  pack ing  we saw t h a t  

column e f f i c i e n c y  s t r o n g l y  i n c r e a s e s  w i t h  t e m p e r a t u r e  ( 5 ) ,  proba-  

b l y  i n  c o n n e c t i o n  w i t h  t h e  improvement o f  t h e  segment m o b i l i t y  

i n s i d e  t h e  g e l .  F i g u r e  1 shows t h a t  t h i s  r e s u l t  c a n n o t  b e  ex tended  
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1712 CHARMOT, AUDEBERT, AND QUIVORON 

N I m  

2000 

1500 

1000 

500 

T "C 
0 10 30 50 70 

Figure 1 : Influence of temperature on the e f f i c i e n c y  

( N / m  i n  plates/metre)  of various packings.  

a )  Polyacrylamide g e l  (0 = 10pm) graf ted  by L-proline 

( 5 )  
b) Polymer A adsorbed on s i l i c a  ( p a r t i s i l  5pm) 

c)  Polymer B adsorbed on s i l i c a  ( p a r t i s i l  5pm) 
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1 

[G,]  mole) 
P 

1173 

1 

[G,]  mole) 
P 

Figure 2 : Separation of D,L-valine. Variation of capacity 

factors versus the inverse of ammonia concentration. 

- Polymer A adsorbed on silica (partisil 5pm) 16% W / W ,  

r = 0 . 4 .  

- Eluent water/acetonitrile ( 4 7 / 5 3 ) w i t h a m m o n i u r n c h l o r i d e  

(0.002M). Room temperature. 

- Column 15cm long, Q46cm L . D .  
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1774 CHARMOT, AUDEBERT, AND QUIVORON 

a 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 
[NH,] mole/ L 

10 0.02 0.04 0.06 0.08 0.10 012 

Figure  3 : Separa t ion  of D.L-valine. Evolu t ion  of t h e  s e l e c t i v i t y  

f a c t o r  v e r s u s  t h e  ammonia c o n c e n t r a t i o n .  Other chroma- 

tographic  c o n d i t i o n s  : s e e  Fig.2. 

t o  supported phases .  Even when t h e  chemical s t r u c t u r e  of t h e  l i n e a r  

polymer i s  v e r y  c l o s e  t o  t h e  one pf t h e  g e l  (a  and b F i g . 1 ) .  t h e  

evolu t ion  of N / m  i s  very d i f f e r e n t .  The a d s o r p t i o n  of l i n e a r  poly- 

pers h i n d e r s  movements of t h e  c h a i n s  and t h e  e f f i c i e n c y  s t a y s  low 

even a t  e leva ted  temperatures .  

TERNARY ELUENTS - INFLUENCE OF AMMONIA CONCENTRATION 

For a given r a t i o n  H O/CH3CN = 4 7 / 5 3  ( v o l / v o l )  we s t u d i e d ,  a s  a 2 
t e s t ,  t h e  r e s o l u t i o n  of D,L-valine f o r  v a r i o u s  l e v e l s  of ammonia 

concent ra t ion .  
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AMINO ACID ENANTIOMERS 1775 

k'  obeys a l aw  i n  t h e  form k '  = a + b/[NH3] ( F i g . 2 ) .  c1 l i n e a r l y  

d e c r e a s e s  w i t h  [ N H  3 (F ig .3 )  b u t  t h i s  d i m i n u t i o n  i s  b a l a n c e d  by t h e  

s t r o n g  i n c r e a s e  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,  f i n a l l y ,  

t h e  ch romatograph ic  e f f i c i e n c y  i n c r e a s e s  l i n e a r l y  w i t h  [NH3] ( F i g . 4 ) .  

However, when t h e  ammonia c o n c e n t r a t i o n  w a s  i n c r e a s e d ,  t h e  chromato- 

g r a p h i c  peaks became s t epped  back and g h o s t  peaks appea red .  Such 

drawbacks c a n  be a v o i d e d  by a d d i t i o n  of e l e c t r o l y t e s  (NH C 1  0.01 

t o  0.7M) t o  be e l u e n t ,  bu t  t h i s  method i s  no l o n g e r  e f f e c t i v e  i f  

[NH ] > 0.4N. We performed expe r imen t s  w i t h  0.04 < [ N H  1 < 0.4N. 

The d e f o r m a t i o n  of t h e  peaks is  r e l a t e d  t o  t h e  e l e c t r o s t a t i c  r e p u l -  

s i o n  between t h e  s o l u t e s  (amino a c i d s  a r e  i n  an  a n i o n i c  form i n  

b a s i c  media) and t h e  n e g a t i v e  c h a r g e s  of t h e  pack ing  s u r f a c e  (pro-  

l i n a t e  and s i l i c a t e  g r o u p s ) .  The e f f e c t  is  l e s s  marked f o r  t h e  po ly -  

mer based  upon v i n y l p y r i d i n e  t h a n  f o r  t h o s e  based on a c y r l a m i d e ,  

which a g r e e s  w i t h  t h e  pK v a l u e  of t h e  s u b s i t u t e d  L - p r o l i n e  ( r e s -  

p e c t i v e l y  10.0 and 8 . 5 ) .  The a d d i t i o n  of s a l t  screems t h e s e  r e p u l -  

s i o n s  and l e a d s  t o  t h e  s o l u t e  p e n e t r a t i n g  a l l  t h e  p o r e s .  

3 

4 

3 3 

I 

INFLUENCE OF THE ACETONITRILE RATIO 

F i g u r e  5 shows t h e  r a p i d  i n c r e a s e  of k '  w i t h  t h e  a c e t o n i t r i l e  

r a t i o  i n  t h e  e l u e n t  f o r  a g iven  ammonia c o n c e n t r a t i o n .  A t  t h e  same 

t ime.  t h e  s e l e c t i v i t y  p r a c t i c a l l y  does  n o t  e v o l v e  which c o n f i r m s  t h e  

permanence of l i g a n d  exchange a s  t h e  mechanism i n  t h e  s e t e r e o s e l e c -  

t i o n .  

The c a p a c i t y  f a c t o r  i s  p r o p o r t i o n a l  t o  t h e  p a r t i t i o n  c o e f f i c i e n t  

of t h e  s o l u t e  i n  i t s  f r e e  form (no t  complexed) between t h e  

s t a t i o n a r y  phase and t h e  mob i l e  phase  ( 7 ) .  C o n s e q u e n t l y , t h e  more 

impor t an t  t h e  h y d r o p h i l i c  behav iour  of t h e  s o l u t e  i s ,  t h e  l a r g e r  

i s  t h e  i n c r e a s e  of k'. 

INFLUENCE OF THE COPPER CONTENT 

With a n  aqueous e l u e n t  we showed t h a t ,  f o r  po lyac ry lamide  based  

polymer ( t y p e  A ) ,  k' obeys a l aw  i n  t h e  form k '  = r / ( l - 2 r )  which i s  
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4 

Figure 4 : Separation of D,L-valine. Variation of the efficiency 

(N/m)  and the resolution factor (R) versus the ammonia 

concentration. Other chromatographic conditions: see 

Fig.2. 
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k' 

30 

20 

10 

0 

D V a l  I 

t -  I -  

O/o CH,CN 
m 

1 60 80 1 

Figure 5 : Separa t ion  of  D , L u a l i n e .  V a r i a t i o n  of t h e  s e l e c t i v i t y  

(a) and the  c a p a c i t y  f a c t o r  ( k '  f o r  D v a l i n e )  v e r s u s  t h e  

a c e t o n i t r i l e  c o n t e n t .  [NH ] = 0.072N, o t h e r  chromatographic  

c o n d i t i o n s  : see  1:ig.Z. 
3 

j u s t i f i e d  from the  equi l ibr ium [ I ]  ( 6 ) .  With t h e  t e r n a r y  e l u e n t ,  k '  

v a r i e s  l i n e a r l y  wi th  r (F ig .6) .  T h i s  s u g g e s t s  t h e  d isappearance  of 

t h e  G Cu C, type of complexes but  suppor ts  t h e  idea  of t h e  format ion  

of G Cu (NH3ln s p e c i e s .  They a r e  now t h e  a c t i v e  c e n t e r s  f o r  t h e  

s t e r e o s e l e c t i o n .  This  i s  i n  accordance wi th  the  d e c r e a s e  of k '  when 

t h e  ammonia c o n c e n t r a t i o n  i n c r e a s e s  (F ig .Z) ,  whi le  c1 v a r i e s  i n  t h e  

i n v e r s e  way (Fig.  3 ) .  

EXAMPLES OF SEPARATION 

U 

1.75 

1.5 

1.25 

3 

The b e s t  chromatographic c o n d i t i o n s  a r e  obta ined  f o r  t h e  

h i g h e s t  v a l u e s  of ammonia c o n c e n t r a t i o n  compatible  w i t h  t h e  absence 

of e l e c t r o s t a t i c  g e l  r e p u l s i o n  e f f e c t s .  
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So l u  t es 

Alanine 

Val i n e  

Leuc i n e  

Ieo leuc ine  

P r o l i n e  

Pipecol  i c  a c i d  

Phenylalanine 

Tryptophan 

OJ r 

Figure  6 : Separa t ion  of D,L-valine. Evolu t ion  of t h e  s e l e c t i v i t y  

0.0 0 1 0.2 0.3 0.4 0.5 

f a c t o r  (k ' )  v e r s u s  t h e  copper c o n t e n t  r .  [NH3] = 0.072N, 

o t h e r  chromatographic c o n d i t i o n s  : see Fig.2. 

- 
k'2 a N2/m 

13.9 1 . 1 2  13 300 

6 . 6 6  I .30 10 600 

6 .12  1 .29  14 000 

6 .58  1.16 14 000 

25 .5  112.4 13 200 

4 . 1 1  1.27 25 000 

2.61 1.39 10 000 

7 . 1 1  1.49 13 300 
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1 1  

mn 

0 10 20 30 

Figure  7 : R e s o l u t i o n  of 5 amino a c i d s .  

- Support  : Polymer A adsorbed on s i l i c a  ( p a r t i s i l  5um) 

16% (W/W), r = 0 . 4 .  

- Column : 15cm long ; 0 . 4 6  cm I . D .  

- Mobile phase : H20/CH3CN 30/70 ; [NH3] = 0.11N ; 

[ N H 4 C 1 ]  = 0.02N 1,5ml/ml. 25OC. 

- S o l u t e s  : I .  D-phe.gly ; 2 .  L-phe.gly ; 3 .  L-pip.acid ; 

4 .  D-pip-acid ; 5.  D-val ; 6 .  D-nor.va1 ; 

7 .  L-nor.va1 ; 8. L - v a l  ; 9. D-ser ; 10. L- se r .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1780 CHARMOT, AUDEBERT, AND QUIVORON 

3 

mn 
0 5 10 15 2 0  

F i g u r e  8 : Reso lu t ion  of 5 amino a c i d s .  

- Support  : Polymer B adsorbed on s i l i c a  ( p a r t i s i l  5pm) 2 10% 

(W/W) ; r = 0.8 

- Column : 15cm long ; 0.46  c m  1.n. 

- Mobile phase : H20/CH3CN 30/70 ; [NH3] = 0.4N ; [NH4C1]=0.002N 

- S o l u t e s  : 1 .  D-phe.ala ; 2. L-phe.ala ; 3. L-pip.acid : 

2ml/mn ; 25°C.  

4 .  D-pip.acid ; 5. D-trp ; 6. D-tyr ; 7. L-trp ; 

8. L-tyr ; 9. L-pro ; 10. D-pro. 

As expected (F ig .7  and 8) t h e  sys t em is powerful .  Table  I 

g i v e s  t h e  s e l e c t i v i t y  and t h e  e f f i c i e n c y  i n  t h e  s e p a r a t i o n  of some 

amino a c i d s  ( c a l c u l a t e d  from t h e  most r e t a i n e d  i somer ) .  

Theses  r e s u l t s  were ob ta ined  w i t h  a t ype  B packing (x = 0.48 ; 

r = 0.8), H20/CH CN 30/70, Ammonia 0.4N, NH4C1 0.002N. 3 
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