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LIGABD-EXCHANGE CHROMATOGRAPHY 0% RACEI'ILATES 
X I .  COMPLETE RESOLUTION 

OF SOME CHELATING RACM/IIC C O L P O U N D S  
AND MATURE OF SOHPTION ENANTIOSELECTIVITY 

V.A. Davankov, Yu.A. Zolo tarev  and A . A .  Kurganov 
I n s t i t u t e  of Organo-Elenent Compounds, 

Academy of  Sc iences ,  Moscow 117813, U.S.S.R. 

ABSTRACT 

The r e s u l t s  of a s y s t e m a t i c  s tudy  a r e  summarized on 
chromatographic r e s o l u t i o n s  o f  raceinic amino a c i d s  
u s i n g  l i g a n d  exchange on c o p p e r ( I 1 )  ion-charged poly- 
s t y r e n e  type  r e s i n s  c o n t a i n i n g  r e s i d u e s  of o p t i c a l l y  
a c t i v e  p r o l i n e  (I), nydroxyprol ine (11)) a l l o - h  droxy- 
p r o l i n e  (111) and a z e t i d i n e  c a r b o x y l i c  a c i d  ( I V Y .  Pos-  
s i b l e  v a r i a n t s  of t h e  e n a n t i o s e l e c t i v e  complex forma- 
t i o n  i n  t h e  r e s i n e  phase a r e  d iscussed .  

ceinic amino a c i d s  as wel l  as members of o t h e r  c l a s s e s  
o f  c h e l a t i n g  o r g a n i c  compounds a r e  given.  

S e v e r a l  examples of q u a n t i t a t i v e  r e s o l u t i o n s  o f  ra- 

INTRODUCTION -------- 
The enormous p o s s i b i l i t i e s  o f  l igand-exchange chro- 

matography (LEC)  i n  s u c c e s s f u l  s e p a r a t i o n  of compounds 
wi th  very  similar physico-chenical  p r o p e r t i e s  such as 
isomers  have r e c e n t l y  been reviewed ( 1 ) .  Most convin- 
c i n g  a r e  advances i n  s e p a r a t i n g  o p t i c a l  isomers  by LEC 
on o p t i c a l l y  a c t i v e  complex-f orming r e s i n s .  Bes ides  
t n e  s e r i e s  o f  communications o f  t h e  p r e s e n t  a u t h o r s  
( Z ) ,  some papers  on t h i s  s u b j e c t  appeared by Bernauer 
(3), Angel ich i  e t  a l .  (41, Tsuchida e t  al .  (51, Lefeb- 
v r e  e t  a l .  (6)) Jozefonvicz e t  a l .  ( 7 , 8 ) .  

1191 
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119 2 DAVANKOV, ZOLOTAREV, AND KLJRGANOV 

Due t o  t h e  s y n t h e s i s  and t ho rough  i n v e s t i g a t i o n  o f  
r e s i n s  c o n t a i n i n g  r e s i d u e s  of c h i r a l  h e t e r o c y c l i c  d- 

amino a c i d s  i n  a c r o s s - l i n k e d  p o l y s t y r e n e  matrix, a 
comple te  r e s o l u t i o n  of s e v e r a l  r a c e m a t e s  bo th  i n  ana- 
l y t i c a l  and  p r e p a r a t i v e  exper i inents  h a s  become a rea- 
l i t y .  I t  i s  t h e  a i m  of t h e  p r e s e n t  p a p e r  ( 9 )  t o  com- 
p a r e  t h e  r e s o l v i n g  power of  t h e  most  p r o m i s i n g  r e s i n s  
based upon L - p r o l i n e  ( I ) ,  L-hydroxyprol ine  ( I I ) ,  L - a l -  
l o -hydroxypro l ine  (111) and L - a z e t i d i n e  c a r b o x y l i c  
a c i d  ( I V )  which were d e s c r i b e d  i n  (10)  

Q-CH2- 6 - C H  2 - ( H j C H 2 -  $;';;- 
/ / / 

-N  CH2- N CH -N H -N 

c H * ~ O O H  a O O H  'QOOH ' G O O H  

I 
OH 

I1 I11 I V  

and t o  p r e s e n t  new examples  of  comple t e  r e s o l u t i o n  of  
amino a c i d  r a c e n a t e s  as w e l l  as some members of o t h e r  
classes of o r g a n i c  compounds. 

RESULTS 

The r e s i n s  o f  t h e  above s t r u c t u r e  of e l e m e n t a r y  
u n i t s  a f t e r  b e i n g  s a t u r a t e d  w i t h  c o p p e r ( 1 1 )  i o n s  t o  
form b i s - c h e l a t e s  w i t h  two f i x e d  l i g a n d s ,  d i s p l a y  a 
h i g h  a f f i n i t y  f o r  mob i l e  amino ac id  t y p e  l i g a n d s  and 
B d e f i n i t e  d i s c r i m i n a t i n g  a b i l i t y  between t h e  e n a n t i o -  
mers  of  t h e  l a t t e r .  E n a n t i o s e l e c t i v i t y ,  d, which i s  
expres sed  i n  t h e  form of  t he  r a t i o  of  t h e  two e n a n t i o -  
mers r e t e n t i o n  volumes i s  g i v e n  i n  Table  1. A s  a gene-  
r a l  r e g u l a r i t y ,  t h e  i n c r e a s e  i n  t h e  v a l u e  of  & can be  
p o i n t e d  o u t  w i t h  t h e  growing s t e r i c  r e q u i r e m e n t s  of  
t h e  asymmetr ic  carbon atom s u b s t i t u e n t ,  i. e. t h e  ri- 
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TABLE 1 
E n a n t i o s e l e c t i v i t y ,  k='VD-Vo)/(VL-Vo), of Res ins  I-IV 

Racernat e 

Alanine 
Aminobutyric a c i d  
Norval i n e  
Norleucine 
V a l  i n  e 
I s o v a l i n e  
L eucine 
I s o l e u c i n e  
S e r i n e  
Threonine 
al lo-Threonine 
Homoserine 
Me t h i o n i n e  
Asparagine 
Glutamine 
Phenyl gl ycine  
Phenyl a l a n i n e  
d -Phenyl -c -a1 a n i n  e 
Tyro s i n e  
Phenyl s e r i n e  
P r o l i n e  
Hydroxyprol i n e  
al lo-Hydroxyprol ine 

I 
1.08 
1 .17  
1 - 3 4  
1 a54 
1 .29  

1 .27  
1 .50  
1.09 
1.38 
1 .55  

1.04 
1 .18  
1 . 2 0  
1 .67  
1 .59  

2.46 

4.05 

2.32' 
3.85 

A z e t i d i n e  oarboxyl ic  a c i d  
Orni t  i n e  1 .o 
Lysine  1 .I0 

R e s i n  
I1 

1 .04  
1.22 
1.65 
2.20 
1.61 
1.25  
1.70 
1 .89  
1 .29  
1.52 
1 . 4 5  
1.25 
1.22 
1 .17  
1.50 
2.22 
2.89 
1.07 
2.23 
1.82 
3.95 
3.77 
1. 65x 
2.25 
1 .o 
1 .22  

I11 
1.04 
1.18 
1 .42  
1.46 
1 .58  

1 .54  
1 .74  
1 .24  
1 .48  

1.52 
1 .20  
1 40 
1 .78  
3 .10  

2.36 

1.84 
1.63 
1 48 

1 . 2 0  

1 .33  
H i  s t  i d i n e  2 . 7 0 ~  2 . 8 - 8 . 0 % ~  1.32 
Tryptophane 1.40 1.8-3.lXx 1.10 
A s p a r t i c  a c i d  1.10" 1.0 1.23' 
Glutamic a c i d  1.60x 1.22x 1.45' 

D-Enantiomer e l u a t e d  ahead of t h e  L-isomer. 
The v a l u e  depends on t h e  NH40H conc. i n  t h e  xx  

IV 
1.06 
1.29  
1 .24  
1 .40  
1.76 

1 .24  
1 .68  
2.15 
1 .28x 

1.29 
1 .44  
1.25 
1 .38  
1.86 

1 a78 

2.48 
2.25 
1. 46' 

1 .o 
1.06 
1.  8 O X  

1 .13x 
1.2gX 

1.13 

e l u e n t  . 
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1194 DAVANKOV, ZOLOTAREV, AND KURGANOV 

s i n g  l e n g t h  of t h e  s i d e  c h a i n  o r  i n t r o d u c t i o n  of a r o -  
ma t i c  sys tems i n t o  i t .  Branching  of  t h e  s i d e  r a d i c a l ,  
e s p e c i a l l y ,  a t  i t s  8-carbon atom enhances  e n a n t i o s e -  
l e c t i v i t y .  The same i s  t rue  f o r  t h e  in€Luence  o f  a 
hydroxy group a t t a c h e d  t o  t h e  B-C-atom (compare S e r  
and Thr wi th  A l a  and A b u ) .  C o n t r a r y  t o  t h i s ,  a 8-hyd- 
roxy  s u b s t i t u e n t  (Hse)  o r  o t h e r  p o l a r  g roup ings  i n  
t h e  Y-pos i t ion  (Met ,  Asn) canno t  e f f e c t  f a v o u r a b l y  the  
s e p a r a t i o n  s e l e c t i v i t y .  I s o v a l i n e  and d-phenyl-d--ala- 
n i n e  c o n t a i n i n g  two s u b s t i t u e n t s  a t  t h e  asymmetr ic  C-  

atom a r e  r e s o l v e d  worse t h a n  t h e i r  i s o m e r i c  ainino 
a c i d s .  

The s t r u c t u r e  of t h e  r e s i n - f i x e d  l i g a n d s  has a 
s t r o n g  impact  on i t s  r e s o l v i n g  a b i l i t y .  On t r a n s i t i o n  
from r e s i n  I t o  r e s i n  11, e n a n t i o s e l e c t i v i t y  i n c r e a -  
s e s  by a f a c t o r  o f  2 i n  t h e  chromatography of  DL-Val 
( t h e  v a l u e s  of d are 1 .29  and 1 . 6 1 ,  r e s p e c t i v e l y )  i n -  
s p i t e  of t h e  f a c t  t h a t  t h e  ;Y-OH group i n  t h e  f i x e d  
hydroxypro l ine  l i g a n d  f o r  s t e r i c  reasms i s  d e p r i v e d  
o f  t h e  a b i l i t y  t o  i n t e r a c t  w i t h  t h e  c h e l a t e d  Cu(I1) 
i o n  and wi th  t h e  mob i l e  l i g a n d  (Val) i n  t h e  s o r p t i o n  
complex. D e c r e a s i n g  t h e  r i n g  s i z e  of r e s i n - f i x e d  li- 
gand ( r e s i n  I V )  r e s u l t s  i n  a similar unexpec ted  impro- 
vement of  s e p a r a t i o n  o f  v a l i n e  enant iorners  (d = I .  7 6 ) .  

The r e s i n s  unde r  i n v e s t i g a t i o n  d i s p l a y  a h i g h  enan- 
t i o s e l e c t i v i t y  on chromatography o f  a rorna t ic  amino 
a c i d s  ( P h g l ,  Phe,  S e r ( P h ) ,  Tyr)  and o n l y  a poor  r e s o -  
l u t i o n  o f  diamino ( O m ,  Lys)  and d i c a r b o x y l i c  (Asp,  
Glu) amino a c i d s .  I t  i s  no tewor thy  t ha t  t h e  b a s i c  com- 
pounds p o s s e s s  an e x c e p t i o n a l l y  h i g h  a f f i n i t y  ( l a r g e  
r e t e n t i o n  volumes) ,  while a c i d  compounds, on the con- 
t r a r y ,  a v e r y  low a f f i n i t y  f o r  r e s i n  coppe r  chelates .  
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Among t h e  b e s t  r e s o l u t i o n s  obse rved  a r e  t h o s e  of 
t h e  h e t e r o c y c l i c  amino ac ids ,  five-membered n e t e r o c y c -  
l e s  a p p e a r i n g  t o  produce  t h e  h i g h e s t  e n a n t i o s e l e c t i -  
v i t y .  Thus, i n  t h e  ch rona tography  o f  racernic  a z e t i d i -  
n e  c a r b o x y l i c  a c i d ,  p r o l i n e  and d - p i p e c o l i n i c  a c i d  on 
t h e  ELHyp r e s i n  (11) i n  i t s  coppe r  form,  t h e  inaxinal  
v a l u e  o f  ( 2 . 2 5 ,  3.95 and 1 . 2 5 ,  r e s p e c t i v e l y )  i s  t h a t  
shown by p r o l i n e .  

I n t e r e s t i n g  p e c u l i a r i t i e s  i n  t h e  e l u t i o n  o r d e r  o f  
enan t iomers  of  b i d e n t a t e  and t r i d e n t a t e  a n i n o  a c i d  li- 
gands  r e n d e r  some i n f o r m a t i o n  on t h e  p o s s i b l e  s t r u c t u -  
r e  o f  t h e  s o r p t i o n  complexes. A s  a r u l e ,  t h e  r e s i n - f i -  
xed  l i g a n d s  of  t h e  L-conf i g u r a t i o n  p r e f e r  f o r m i n g  m i -  
x ed - l igand  s o r p t i o n  complexes w i t h  b i d e n t a t e  n o b i l e  
l i g a n d s  of D-conf igu ra t ion .  Thus, o f  t h e  two p o s s i b l e  
d i a s t e r e o m e r i c  s o r p t i o n  complexes produced  upon i n t e r -  
a c t i o n  of t h e  L - p r o l i n e  c c n t a i n i n g  r e s i n  I w i t h  a s o -  
l u t i o n  of  racernic  p r o l i n e ,  RLPro-Cu-LPro and %Pro-  
Cu-DPro ( F i g .  l), t h e  l a t t e r  i s  more s t a b l e ,  t he  d i f f e -  
r e n c e  i n  t h e  thermodynamic s t a n d a r d  f r e e  ene rgy ,  S A G o ,  
b e i n g  a b o u t  835 ca l /mol .  T h i s  d i f f e r e n c e  is m a i n l y  due 
t o  t h e  f a c t  t h a t  t h e  &- rad ica l  of t h e  L-amino a c i d  has 
t o  i n t e r f e r e  w i t h  t h e  s t r o n g l y  b inded  w a t e r  molecu le  
i n  t h e  uppe r  a x i a l  Cu(I1) c o o r d i n a t i o n  p o s i t i o n ,  where- 
as t h e  D-amino a c i d  has t o  d i s p l a c e  j u s t  t h e  lower  wa- 
t e r  molecule  which c o o r d i n a t i o n  was weaker  anyway, be -  

c a u s e  of  i t s  i n t e r f e r e n c e  w i t h  t h e  r e s i n - f i x e d  l i g a n d  
benzy l  r a d i c a l  [ 1 1 ) .  

T y p i c a l l y  t r i d e n t a t e  amino ac id  l i g a n d s  H i s ,  O m ,  
Asp, a l lo-Hyp,  as w e l l  as Lys and Glu a r e  l i a b l e  t o  
form a d d i t i o n a l  c o o r d i n a t i o n  bonds engag ing  one  of t h e  
two axial p o s i t i o n s  of t he  Cu(l1) i o n  c o o r d i n a t i o n  oc- 
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t ahedron .  Howewver, t h e  l o w e r  of  t h o s e  two p o s i t i o n s  
i s  s t e r i c a l l y  h i n d e r e d  by t h e  9-benzgl  r a d i c a l  o f  t h e  
f i x e d  l i g a n d  (11) .  T h e r e f o r e ,  o n l y  mob i l e  l i g a n d s  ha- 
v ing  L - c o n f i g u r a t i o n  have t h e  p r i v e l e g e  t o  fully r e v e -  

a l  t h e i r  t r i d e n t a t e  n a t u r e  ( F i g .  2 )  when f o r m i n g  s o r p -  
t i o n  complexes w i t h  t h e  f i x e d  l i g a n d s  o f  L -conf igu ra -  
t i o n  i n  r e s i n s  I ,  I1 and I V .  I n  t h i s  case D-enant io-  
mers of t h e  t r i d e n t a t e  n o b i l e  l i g a n d s  form weaker  s o r p -  
t i o n  complexes and a r e  e l u a t e d  f i r s t .  

FIGURE 3 
- S t r u c t u r e  of the l e s s o s t a b l e  s o r p t i o n  complex 
RLaHyp-Cu-LaHyp; 6 A G  = 285 ca l /mol .  
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The s i t u a t i o n  becomes comple t e ly  d i f f e r e n t  w i t h  r e -  
of  which i s  tri- s i n  I11 t h e  f i x e d  a a H y p - t y p e  l i g a n d  

d e n t a t e  i t s e l f  a n d  e f f e c t i v e l y  b l o c k s  w i t h  i t s  Y-hyd- 
roxy  group t h e  uppe r  ax ia l  p o s i t i o n  of  t h e  Cu(1I) i o n .  
Here,  t h e  mob i l e  L - l igands  a r e  d e p r i v e d  o f  t h e  p o s s i -  
b i l i t y  t o  forin u n u s u a l l y  s t a b l e  s o r p t i o n  complexes 
( P i g .  3) and a re  e l u a t e d  ahead  o f  t h e  D-isomers ,  j u s t  
l i k e  i n  t h e  case w i t h  a l l  t h e  t y p i c a l l y  b i d e n t a t e  ami- 
no a c i d s .  Alone L - a s p a r t i c  and L - g l u t a n i c  a c i d s  manage 
t o  produce s t a b l e r  s o r p t i o n  complexes t h a n  t h e i r  D-en- 
a n t i o m e r s  d o ,  p r o b a b l y  as a r e s u l t  o f  a hydrogen  bond 
f o r n a t i o n  between t h e  3 - c a r b o x y  group and t h e  f i x e d  
l i g a n d  hydroxy group c o o r d i n a t e d  i n  t h e  axial  p o s i t i -  
on. 

copper  form of c h i r a l  r e s i n s  (10) v a r y  i n  a wide ran- 
ge. ( T h i s  may be p romis ing  i n  t h a t  u s i n g  ammonia g r a -  
d i e n t  e l u t i o n  i t  w i l l  be p o s s i b l e  t o  a n a l y s e  m i x t u r e s  
of s e v e r a l  amino a c i d s . )  However, c h o o s i n g  t h e  p r o p e r  
d e g r e e  o f  s a t u r a t i o n  OP t h e  r e s i n  w i t h  m e t a l  i o n s  ( 1 2 )  
one can  make t h e  f i r s t  enan t iomer  l e a v e  t h e  chromato-  
g r a p h i c  column w i t h i n  1.5-3 v o i d  volumes.  I n  t h i s  ca-  
s e  b o t h  t h e  s e p a r a t i o n  from accompanying i m p u r i t i e s  
and t h e  r e s o l u t i o n  of two e n a n t i o m e r s  a r e  accompl ished  
i n  a s h o r t  p e r i o d  of t ime.  F ig .  4 p r e s e n t s  a s e t  o f  
examples of  b a s e - l i n e  r e s o l u t i o n s  which can  be  e a s i l y  
ach ieved  i n  sys t ems  d i s p l a y i n g  s e l e c t i v i t y  o f  d21.5 
( T a b l e  1 ) .  

R e t e n t i o n  volumes of  d i f f e r e n t  amino a c i d s  on t h e  

It  shou ld  be emphasized t h a t  u s i n g  l igand-exchange  

chromatography t e c h n i q u e s  no p r e l i m i n a r y  chemica l  mo- 
d i f i c a t i o n s  of amino and ca rboxy  g roups  o f  t h e  star- 
t i n g  r acemate  are needed,  which are i n d i s p e n s a b l e  i n  
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r e s o l u t i o n s  u s i n g  gas  chromatography. Moreover, LEC 
has  d o u b t l e s s  advantages i n  p r e p a r a t i v e - s c a l e  exper i -  
ments: a 1 1 column c o n t a i n i n g  300 g of r e s i n  I1 g r a -  
n u l a e ,  0.1-0.3 mm i n  diameter ,  i s  capable  of r e s o l v i n g  
up t o  20  g of DL-proline o r  6 g of  DL-threonine i n  one 
e l u t i o n  c y c l e  ( v a l u e s  o f  k 3 . 9 5  and 1.52, r e s p e c t i v e -  

F i n a l l y ,  one has t o  b e a r  i n  mind t h a t  LEC is a ge- 
l y )  * 

n e r a l  method f o r  s e p a r a t i n g  compounds which a r e  a b l e  
t o  form l a b i l e  complexes wi th  t r a n s i t i o n  meta l  ions .  
Thus t h e  asymmetric r e s i n s  d e s c r i b e d  i n  t h i s  paper  can 
be employed i n  r e s o l v i n g  many c h e l a t i n g  a g e n t s ,  o t h e r  
than &-amino acids .  Fig.  5 g i v e s  examples of 6uccess- 
ful r e s o l u t i o n s  from t h e  f o l l o w i n g  c l a s s e s  o f  o rganic  
compounds: OL -hydroxy a c i d s ,  p-amino a c i d s ,  1,2-diami- 
n e s t  1 , 2  -amino a lkohols .  

FIGURE 4 
Chromatography of ca  1 mg racemic amino a c i d  on a 
7 . 8 ~ 1 4 0  mrn column c o n t a i n i n g  6.3 m l  L-hydroxyproline 
r e s i n  I1 ( c a p a c i t y  3.86 mmol/g, degree o f  c r o s s - l i n -  
k i n g  6 9, p a r t i c l e s  of i r r e g u l a r  shape c a  5 0 ~ ) .  De- 
t e c t o r  Uvicord I (LKB) without  l i g h t  f i l t e r .  
For  each racemate a r e  given: copper conten t  of t h e  
r e s i n  i n  $ t o  t h e  t h e o r e t i c a l  v a l u e  of 1.93 mmol/g, 
ammonia c o n c e n t r a t i o n  i n  t h e  e l u e n t  i n  mol / l ,  flow 
r a t e  i n  ml/h. Pro: 65, 1.0,  20;  Hyp: 65, 0.5,  20; 
aHyp: 55, 0.05, 20;  Thr: 80, 0.05, 20;  V a l :  65, 0.1, 
13; Nva: 65, 0.05, 16; I l e :  65, 0.1, 13; Phgl: 65, 
0.1, 13; Phe: 45, 0.1, 20; H i s :  30, 0.5, 25;  Tyr: 65, 
0.1,  16; Trp: 30 ,  0.4 ,  20 ;  Ser (Ph) :  45, 0.05, 14. 
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FIGURE 5 
Chromatography o f  d i f f e r e n t  r acemates  on L-hydroxy- 
p r o l i n e  r e s i n  I1 ( c a p a c i t y  3.86 mmol/g, d e g r e e  of 
c r o s s - l i n k i n g  6 5 ,  p a r t i c l e s  of  i r regular  shape c a  50 
pm). D e t e c t o r  Uvicord 111 (LKB) a t  206 nm. 
1 :  B-Phenyl- j -a lanine (A = I  . 7 8 ) ,  column 5x280 mm, 

2: Mandel ic  acid ( a = q . 6 5 ) ,  column 5x280 mm, 100 $ Cu, 

3:  2 -Aminopro$ahl- l  ( d. =7.0)  , column 7 . 8 ~ 1 4 0  mm,  

4: N - B e n z y l - p r o p y l ~ ~ e d i ~ i n e - l , 2  ( d ,  = 2 . 5 0 ) ,  column 

90 $ Cu, 0.05 M NH , 10 m l / h .  

0.01 M ( N H  ) PO4, 10 ml/h. 

5 9  $ Cu, 0.05 NH , 15 m l / h .  

7 . 8 ~ 1 4 0  mm, 50 $ Cu, 0.05 NH3, 15 rnl/h. 
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