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CHROMATOGRAPHIC RESOLUTION OF AMINO 
ACIDS USING TARTARIC ACID 

PHASE ADDITIVE 
MONO-N-OCTYLAMIDE AS MOBILE 

Wolfgang F. Lindner and Irmgard HirschbiSck 
Institute of Pharmaceutical Chemistry 

University of Graz 
A 4 0 1  0 Craz, Austria 

ABSTRACT 

Chromatographic r e s o l u t i o n  o f  enant iomer ic  amino ac ids  by a c h i r a l  l i g a n d  
exchange system i s  p resented  us ing  a nove l  c h i r a l  mob i l e  phase a d d i t i v e ,  (R,R)- 
t a r t a r i c  a c i d  mono-n-octylamide (TAMOA) which s u f f i c i e n t l y  complexes copper I 1  
o r  n i c k e l  I 1  i ons .  The c h i r a l  system i s  genera ted  by dynamica l l y  c o a t i n g  a re=  
versed phase packing, and shows s e l e c t i v i t y  f o r  many amino ac ids .  Under c e r t a i n  
c o n d i t i o n s  a l s o  norep inephr ine  can be p a r t i a l l y  reso lved .  Re ten t i on  and enan t io=  
separa t i on  mechanisms i n  con junc t i on  w i t h  the  mob i l e  phase compos i t ion  and the  
r a t i o  o f  TAMOA t o  the  meta l  i o n  a r e  d iscussed.  

INTRODUCTION 

A n a l y t i c a l  techniques r e s o l v i n g  &-amino ac ids  o r  enant iomer ic  d e r i v a t i v e s  

the reo f  a r e  becoming o f  i nc reas ing  importance f o r  b iochemica l ,  chemical  and geo= 

chemical s tud ies .  Besides the  w e l l  developed e n a n t i o s e l e c t i v e  GC methods f o r  

d -amino a c i d  d e r i v a t i v e s  (1) t o  de termine t h e i r  D ,L- ra t ios  i n  v a r i o u s  samples 

(e .g .  p r o t e i n  h y d r o l i z a t e )  a l s o  e n a n t i o s e l e c t i v e  systems i n  l i q u i d  chromatography 
have been developed. E s p e c i a l l y  t he  separa t i on  o f  o p t i c a l  isomers us ing  l i g a n d  
exchange l i q u i d  chromatography (CLEC) have become most popu la r  

i n t r o d u c t i o n  by Davankov and coworkers ( i n  1968) ( 2 ) ,  who subsequent ly s t i m u l a t e d  

t h i s  f i e l d  by numerous o r i g i n a l  c o n t r i b u t i o n s  ( 3 ) .  
A t  t h e  beg inn ing  o f  CLEC the  c h i r a l  l i gands  che la ted  by d i v a l e n t  meta l  ions ,  

p r e f e r a b l e  copper I 1  ions ,  were g r a f t e d  on t h e  suppor t  ( o r i g i n a l l y  p o l y s t y r e n e  

s i n c e  i t s  f i r s t  

S5 I 
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552 LINDNER AND HIRSCHBOCK 

f o l l owed  by s i l i c a  g e l )  o f  t h e  s t a t i o n a r y  phase by  cova len t  bondings. Later,1979, 

Lindner,Karger and coworkers ( 4 )  i n t roduced  an a1 t e r n a t i v e  approach o f  c h i r a l  
l i g a n d  exchange chromatography by  adding c h i r a l  meta l  complexing agents t o  t h e  

e l u e n t  thus  c r e a t i n g  a dynamica l l y  and a d s o r p t i v e l y  coated  c h i r a l  s t a t i o n a r y  phase 

us ing  convent iona l  a c h i r a l  column packings, l i k e  RF phases. 

a d d i t i o n s  o f  a L - p r o l i n e  Cu I 1  complex t o  the  mob i l e  phase, us ing  a c a t i o n  ex= 
changer as non-ch i ra l  s t a t i o n a r y  phase ( 8 ) .  Subsequent ly t h i s  CLEC techn ique 

us ing  reversed phase systems which a re  easy t o  handle,  r e l a t i v e l y  s t a b l e  and 

reproducable,  became ve ry  popu lar .  Many e n a n t i o s e l e c t i v e  CLEC systems, genera ted  
by t h e  mob i l e  phase a d d i t i v e  mode, have been pub l i shed  y e t  and a r e  summarized i n  

Tab le  I .  

I n  the  same year  a l s o  Hare and G i l -Av  pub l i shed  a CLEC method based on the  

I t  i s  i n t e r e s t i n g  t o  note,  t h a t  i n  most cases ,..-amino ac ids  and d e r i v a t i v e s  

t h e r e o f  a re  used as c h i r a l  c h e l a t i n g  s e l e c t o r  (SE), and t h a t  copper I 1  i o n s  seem 

t o  be p r e f e r r e d  f o r  t h e  r e s o l u t i o n  o f  razemic molecu les  ( S A )  
o r  dansyl  amino ac ids  (Dns-D,L-AA). Other  t r a n s i t i o n  meta l  ions ,  l i k e  Zn 11, Cd 11, 

N i  11, Hg 11, u s u a l l y  c h e l a t e  much weaker than Cu I 1  w i t h  the  c h i r a l  s e l e c t o r  

(SE) and SA molecules.  The fo rma t ion  o f  f ive-membered c h e l a t e  r i n g s  o f  '.-amino 

ac ids  i s  a l s o  known t o  be p r e f e r r e d  r a t h e r  than six-membered r i n g s ,  as i t  

would be necessary by c h e l a t i n g  8-amino a c i d s .  Thus, 8-amino a c i d s  a re  h a r d l y  

t o  reso lve  by CLEC. Bas ic  cons ide ra t i ons  on t h i s  phenomenon have been made, 

e s p e c i a l l y  on c o v a l e n t l y  bonded c h i r a l  l i g a n d  exchange phases, by Davankov ( 3 )  

us ing  models o f  i d e a l l y  formed mixed c h e l a t e  complexes. However, t h i s  explana- 

t i o n  f i t s  cons ide rab ly  w e l l  t o  the  chromatographic r e s u l t s .  

Theor ies  on c h i r a l  separa t i on  mechanisms, s t e r e o s e l e c t i v e  b i n d i n g  phenomena 

and c h e l a t i o n  i n  the  CLEC mob i le  phase a d d i t i v e  mode seem t o  be more compli: 

cated, s ince  a v a r i e t y  o f  a d d i t i o n a l  e q u i l i b r i a  i n  the  chromatographic system 

have t o  be considered. 

t o  <..-amino ac ids  

Reminding, CLEC dea ls  w i t h  complexat ion  mechanisms, thus  t h e  ( c h i r a l )  

s e l e c t o r  ( S E )  and the  ( c h i r a l )  se lec tand  (SA) have t o  have a c e r t a i n  mo lecu la r  
s t r u c t u r e  t o  f i t  i n t o  t h i s  scheme. Moreover, v a r i a t i o n s ,  e.g. c o o r d i n a t i o n  

and geometry, o f  t he  l i g a n d  s t r u c t u r e  and the  f o l l o w i n g  parameters shou ld  be 

taken i n t o  cons ide ra t i on  i n  the  scope o f  CLEC: 

( a )  t he  n a t u r e  o f  t he  l i g a n d  atoms ( N ,  0, S, P) 
( b )  t he  f u n c t i o n a l i t y  o f  t he  l i g a n d  atom (e.g.N i n  amine, amide o r  n i t r i l e )  
( c )  t he  s i z e  o f  t he  c h e l a t e  r i n g s  t o  be performed (4, 5, 6 o r  7-membered r i n g s )  

( d )  t he  number o f  c h e l a t e  r i n g s  which can be accompl ished by the  l i g a n d  
molecules (e.g.  b i -  o r  t r i d e n t a t e  l i g a n d )  

( e )  t he  s t e r i c  e f f e c t  determined by t h e  s i z e  and p o s i t i o n  o f  t he  o p t i c a l l y  

a c t i v e  s u b s t i t u e n t s  on t h e  c h e l a t i n g  l i g a n d  molecu les  (SE and SA) 
( f )  t he  na tu re  o f  t h e  c e n t r a l  metal  i o n  t o  be che la ted ,  i t s  o x i d a t i o n  s tage 

as w e l l  as i t s  c o o r d i n a t i o n  number (Cu2', Ni", Zn2', Co3' e t c . )  
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RESOLUTION OF AMINO ACIDS 5 5 3  

F i g u r e  1 
S t r u c t u r e  o f  TAMOA-Me i o n  c h e l a t e  complex. 

(9) t he  temperature,  t h e  so l ven ts  i n  wh ich  the  c h e l a t i o n  process shou ld  take  

p lace ,  pH and the  p u f f e r  system (summarized as mob i l e  phase c o n d i t i o n s ) .  

Based on the  above ment ioned f a c t s  and i n  c o n t i n u a t i o n  o f  ou r  work on c h i r a l  

mob i l e  phase a d d i t i v e s ,  i n  the  present  s tudy  a new c h e l a t i n g  a d d i t i v e ,  (R,R)- 
- t a r t a r i c  a c i d  mono-n-octylamide (TAMOA) i s  p resented  f o r  t he  enan t iosepara t i on  

o f  common and uncommon amino a c i d s .  

S t r u c t u r e  f e a t u r e s  o f  racemic SA molecu les  a re  b r i e f l y  e l u c i d a t e d  i n  r e s p e c t  

o f  t h e i r  r e s o l v a b i l i t y  by TAMOA. I n  connec t ion  w i t h  i t  a l s o  the  p o s s i b l e  con- 

t r i b u t i o m o f  the  d i v e r s e  mob i l e  phase components i n  t h e  o v e r a l l  l i g a n d  ex= 

change process a re  discussed, and a p o s s i b l e  model o f  t he  ( e n a n t i o s e l e c t i v e )  

l i g a n d  exchange mechanisms i n  the  m o b i l e  phase a d d i t i v e  mode i s  drawn. 

EXPERIMENTAL 

Ins t rumen ta t i on  : The chromatographic system was b u i l t  up by the  f o l l o w i n g  

components : HPLC Pump, Model 410 (Kont ron)  , i n j e c t o r ,  Model 7120 

(Rheodyne) , equipped w i t h  a 20,111 l o o p  ; de tec to r ,  UV 254 nm, Model LC 15 

(Perk in -E lmer )  ; columns : a n a l y t i c a l ,  2 5 0 ~ 4 . 6  mm I . D . ,  packed w i t h  Spher i so rb  

ODs, 5 pm; pre-column as s a t u r a t i o n  column i n s t a l l e d  b e f o r e  t h e  i n j e c t o r  
1 0 0 ~ 4 . 6  mm I.D., packed w i t h  L iChrosorb  RP 18 2 5 - 4 0 p .  The precolumn and t h e  

a n a l y t i c a l  column a re  p laced i n  a Haake waterba th  and kep t  a t  cons tan t  tern= 

p e r a t u r e  (32OC o r  5OoC). 

- Reagents : A l l  reagents  used (methanol ,  a c e t o n i t r i l e ,  methylene c h l o r i d e ,  d i =  

e t h y l e t h e r ,  a c e t i c  ac id ,  ammonia conc . ,copper ( I I ) - ,  n i c k e l ( I 1 ) - a c e t a t e ,  KOH, 

n-oc ty lamine and (R,R)-0,O-diacetyl  t a r t a r i c  a c i d  anhydr ide  (DATAAN) were 

f rom Merck-Darmstadt. The water  used was b i d e s t i l l e d  i n  ou r  l a b o r a t o r y .  A l l  

amino ac ids  were ob ta ined  f rom Sigma-Munchen. 

P repara t i on  o f  (R ,R) -+ - ta r ta r i c  a c i d  mono-n-octy lamide (TAMOA) : 

( a )  (R,R)-0,O-diacetyl t a r t a r i c  a c i d  mono-n-octy lamide ( I )  : 

33 g (0.15 W )  OATAAN i s  d i sso l ved  i n  d ich lo romethane a t  O°C, an equ imolar  
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554 LINDNER AND HIRSCHBOCK 

TABLE I Ch i ra l  Mobi le  Phase Addi t ives Performing Enant ioselect ive 

Ligand Exchange Chromatography 

Ch i ra l  Selector  (SE) Adsorbent Metal Ion Selectand (SA) References 
( s t a t i o n a r y  phase) ( racem i c ) 

L-2-iospropyl-4-n-octyl- 
-d ie thy lene t r i am ine  
( C3-C8-d i ene) 

L-pro1 y l  -n-octy l  ami de 
(L-Pro-C8-amide) 

L-pro ly l -n-dodecyl= 
amide 
L-Pro (e.g. D-Pro) 

L-Pro 

L-Pro 

L-Pro 

L-Arg 

L-His 

L-His-0-CH3 

n-a1 kyl-L-hydroxy= 
pro1 i n e  

L-Phe 

( n-C7-;n-ClD- ;n-Cl6-) 

L-Phe 

L-Phe 

L-Asp-mono-a1 kylamide 

L-Asp-L-Phe-0-CH3 

N,N-di -n-propyl -L-Ala 

N,N-di-n-propyl-L-Ala 

N,N-dial kyl-L-AA 

RP 8 

RP 8 

RP 8 

ca t ion  exchanger 

RP 8 

RP 8 

s i l i c a  ge l  

RP 8 

lip 8 

L18 
RP 18 

RP 18 

RP 18 

RP 18 

RP 18 

RP 18 

RP 18-TLC 

RP 18 

RP 18 

ZnZt Dns-AA 495 

596 
2 t  

Ni lo ,C;$t;;2t :;;;;:ides 
n i r v a n o l ,  ethosuccinimide 

N i  " Dns-AA 7 

Cu2' AA 8 

Cu2' AA 9, 10, 11 

Cu2' Dns-AA 12 

Cu2' t hy ro id -  13 
hormunes 

Cu2' AA 11 

Cu2+ AA 11, 14 

CU2+ AA 15, 16 

Cu2' AA 17 

Cu2' A-methyldopa, 13 
TrP 
5-hydroxy-Trp 

CU2' 9-(3,4-dihydroxy= 18 
b u t y l )  guanine 

Cu2' m- and p-hydroxy= 
mandelic a c i d  19 

Cu2' AA 20, 21, 22 

Cu2',ZnZt OOPA,Trp,Tyr,Phe 23, 24 
Val ,Leu, I1 eu ,N1 eu 

CuZt Dns-AA 25 

(3"'' Ons-AA 26, 27, 28 

Cu2' AA 30 

:.'-methyl- , d  , - A A  
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RESOLUTION OF AMINO ACIDS 

TABLE I con t inued  

N-(T0S)-L-Phe RP 18 Cu2' AA 31, 32 
N- (T0S)-D-Phe 

(2 'S ,  4R, 2 '  RS) -N- ( 2 '  -hydroxy- 
-dodecy l ) -4 -hydroxypro l  i n e  RP 18 cu2+ c a r b o x y l i c  a c i d  33 

4 - t h i a z o l i d i n e -  

N,N,N' ,N ' - te t ramethy l - (R) -  
-propanediami ne-1 ,2 RP 18 cu2+ DOPA-Phe,Trp, 

mande l ic  a c i d  34 

amount o f  n -oc ty lamine (19 .4  g )  i s  added dropwise. A f te rward  t h e  s o l u t i o n  i s  

s t i r r e d  f o r  12 hours a t  room tampera ture .  A f t e r  evapora t i ng  t h e  d ich lo romethane 
t h e  r e s i d u e  i s  d i sso l ved  i n  aqueous ammonia, f i l t e r e d  and t h e r e a f t e r  t h e  

s o l u t i o n  i s  a c i d i f i e d  w i t h  HC1 conc. A w h i t e  p roduc t  ( I )  p r e c i p i t a t e s ,  which 
i s  f i l t e r e d  o f f  and washed w i t h  i c e  wa te r .  A f t e r  d ry ing ,  t he  r e s u l t e d  amide 

i s  suspended i n  100 m l  e the r  a t  room tempera ture  f o r  1 hour,  f i l t e r e d  o f f  

f rom t h e  s o l u t i o n  and d r i e d  aga in .  Y i e l d  : 28 g ( I ) .  

( b )  TAMOA : 

28 g (72 mM) ( I )  i s  d i sso l ved  i n  200 m l  methano l ic  KOH (10%). The h y d r o l y s i s  

o f  t h e  a c e t y l  groups i s  r a p i d  and a f t e r  30 minutes  t h e  p r e c i p i t a t e d  po tass ium 
s a l t  o f  TAHOA can be f i l t e r e d  o f f .  The r e s i d u e  i s  d i s s o l v e d  i n  some water  a t  

e leva ted  temperature,  t h i s  s o l u t i o n  i s  a c i d i f i e d  w i t h  HC1 conc. t o  a pH o f  
about 2.0 . The r e s u l t e d  p r e c i p i t a t e  (TAMOA) i s  f i l t e r e d  o f f ,  washed w i t h  i c e  

water  and d r i e d .  I t  can be 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 .  
Y i e l d  : 7 g ; Fp 152OC. The produc t  i s  i d e n t i f i e d  by  I R  and NMR spec t roscopy .  

The s p e c i f i c  r o t a t i o n  o f  TAMOA = + 52' ( c  = 3.9 /MeOH). 
546 

Prepara t i on  o f  mob i l e  phase and coated  s t a t i o n a r y  phase : 

The d e s i r e d  molar  amount o f  TAMOA , meta l  s a l t  and a c e t i c  a c i d  were d i s s o l v e d  

i n  about  800 m l  water .  Th i s  s o l u t i o n  was then  ad jus ted  w i t h  ammonia conc. t o  

the  a p p r o p r i a t e  pH va lue  (e .g .  5 .5 ) .  The s o l u t i o n  was f i n a l l y  f i l l e d  up t o  

1000 m l  ; the  pH checked and, i f  necessary,  read jus ted .  From these s tock  

s o l u t i o n s  a l s o  the  d i l u t i o n s  w i t h  t h e  o rgan ic  m o d i f i e r s  were made, whereby 

the  pH i n  these m ix tu res  was a l s o  read jus ted .  The chromatographic system was 

brought  i n t o  e q u i l i b r i u m  by pumping th rough t h e  column, a t  thermosta ted  con= 

d i t i o n s ,  about 40 t o  50 column volumes o f  mob i l e  phase which was d iscarded.  
Afterward, t h e  mob i l e  phase was recyc led .  For  changing t h e  meta l  i o n  i n  t h e  

system the  columns were washed o u t  w i t h  200 ml m o b i l e  phase c o n t a i n i n g  H20- 

MeOH-AcOH/50-50-1 . A f t e r  runn ing  th rough pure  water ,  t h e  columns were ready  
f o r  a new coa t ing .  
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RESULTS AND DISCUSSION 

LINDNER AND HIRSCHBOCK 

=aration o f  D,L-cv-amino ac ids  

We have p r e v i o u s l y  r e p o r t e d  t h e  separa t i on  o f  dansy l  d e r i v a t i v e s  o f  d - a m i n o  

ac ids  us ing  t h e  C3-C8-dien Z n ( I 1 )  system and L-Pro-C8 amide N i ( I 1 )  system 
(see Table I ) ,  whereby va lues  o f  r e l a t i v e  r e t e n t i o n  ( & - v a l u e s )  up t o  2.5 

f o r  t he  corresponding p a i r  o f  o p t i c a l  an t ipodes  cou ld  be achieved. However, 
t he  r e s o l u t i o n  o f  f r e e  &-amino ac ids  was n o t  s u f f i c i e n t .  The p resen t  c h i r a l  

meta l  che la te  (TAMOA-Cu(I1)-)system a l l o w s  the  separa t i on  o f  a l l  common 
"'1-amino ac ids  as l i s t e d  i n  Tab le  11. Reso lu t i on  i s  found f o r  a l i p h a t i c ,  bas i c  

and a c i d i c  -',-amino a c i d s .  H igh  c h i r a l  r e c o g n i t i o n  i s  e f f e c t e d  by the  TAMOA- 

-Cu( 11) a d d i t i v e  w i t h  [ - -va lues  mos t l y  s u f f i c i e n t  f o r  b a s e l i n e  separa t i on .  

Th is  i s  a l s o  due t o  the  good column performance o f  t h e  RP column which i s  
ma in ta ined.  F i g . 2  shows t y p i c a l  enan t iosepara t i ons  o f  some :.',-amino a c i d s .  

As can a l s o  be n o t i c e d  f rom Tab le  11, t he  r e t e n t i o n  o f  t he  v a r i o u s  amino 

ac ids  i s  q u i t e  d i f f e r e n t  and can be u n p r a c t i c a l l y  l ong  f o r  some o f  them a t  a 

g i ven  s e t  o f  cond i t i ons .  To g e t  such compounds e l u t e d  i n  a reasonab le  k '  
reg ion ,  t he  mob i l e  phase has t o  be ad jus ted ,  e i t h e r  by changing t h e  pH o r  by 

adding o rgan ic  m o d i f i e r s  t o  t h e  aqueous mob i l e  phase, whereby a t  t h e  same 

t ime  the  abso lu te  concen t ra t i ons  o f  TAMOA, copper a c e t a t e  and t h e  b u f f e r  

s a l t s  cou ld  a l s o  change. However, t h i s  shows t h e  g r e a t  v a r i a b i l i t y  o f  t he  
mob i l e  phase compos i t ion  t o  be ad jus ted  adequate ly  i n  CLEC. 

~ v - a m i n o  ac ids  w i t h  a secondary amine f u n c t i o n ,  l i k e  p r o l i n e ,  a l l o -hyd roxy=  

p r o l i n e ,  dehydrop ro l i ne  o r  N-methy l -va l ine  and N-methy l - leuc ine ,  can be a l s o  

separated w i t h  h i g h  s e l e c t i v i t y  f a c t o r s .  The c y c l i c  amino ac ids  ,however, 

have a reversed e l u t i o n  o rde r  compared t o  the  open ones. 

(R,R)-TAMOA con ta ins  two c h i r a l  OH-groups and i t  has an r . , -hydroxy a c i d  and 
an o , -hydroxy  amide s t r u c t u r e ' ( s e e  F ig .1 )  which i s  q u i t e  d i f f e r e n t  f rom t h e  

d * - a m i n o  ac ids  o r  d e r i v a t i v e s  t h e r e o f  which a r e  commonly used as c h i r a l  se- 
l e c t o r s  i n  CLEC. Th is  i s  n o t i c e a b l e  s i n c e  i t  i s  known, t h a t  . , , -hydroxy ac ids  
che la te  much weaker than  --amino ac ids .  However, TAMOA che la tes  r e l a t i v e l y  

s t rong  w i t h  t r a n s i t i o n  metal  i o n s  ( e . g . C u ( I I ) ,  N i ( I 1 ) )  and i t  shou ld  fo rm 
a seven-membered r i n g  between t h e  carboxy l  and t h e  amide f u n c t i o n .  TAMOA 

cou ld  a l s o  be seen as an a l i p h a t i c  d- o r  R-hydroxy a c i d  o r  a c i d  amide 

(see F ig .1 )  which a re  known t o  che la te  t r a n s i t i o n  meta l  i o n s  weakly.  
I t  i s  n o t  c l e a r ,  whether the  two OH-groups p a r t i c i p a t e  by  fo rming  a m u l t i =  

dendate che la te  complex o r  t hey  do n o t .  The p o s t u l a t e d  seven-membered r i n g  

s t r u c t u r e  i s  n o t  proven y e t ,  s ince  t h e  I R  and NMR spec t roscop ic  measurements 

were s u f f i c i e n t l y  i n t e r p r e t a b l e  due t o  broad s i g n a l s  observed. We a r e  a l s o  

l a c k i n g  c r y s t a l l o g r a p h i c  da ta  due t o  t h e  f a c t ,  t h a t  we c o u l d  n o t  grow 
s u f f i c i e n t l y  good c r y s t a l l s .  However, t h e  two C-atoms s u b s t i t u t e d  by t h e  OH- 

groups c o n t a i n  the  s te reochemica l  i n f o r m a t i o n  by  s p a t i a l l y  c o n t r o l l e d  a t t r a c =  
t i o n  o r  r e p u l s i o n  t o  the  c h i r a l  s e l e c t o r  mo lecu les  ( S E )  t o  become reso lved .  

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



RFSOLUTION OF AMINO ACIDS 5 5 7  

TABLE I 1  Separa t ion  o f  Free  Amino Ac ids  Using t h e  (R,R)-TAMOA-Copper Complex 
as Mob i l e  Phase A d d i t i v e  

Racemic Compound k I D  kIL J , =  ~ k'long re ta ined Mob i l e  Phase 

(SA) I s h o r t  

A la  

ASP 

Asn 

G1 u 

G ln  

CyS03H 

Val 

Leu 

I-Leu 

N-Val 

N-Leu 

Pro 

OH-Pro(al1o) 

3,4-dehydro-Pro 

p i p e c o l i c  a c i d  

-amino b u t y r i c  
a c i d  

O-amino b u t y r i c  

Ser 

Thr 

a l l 0  Thr 

Homoser 

Met 

CySH 

Orn i t h  i n 

a c i d  

0 .7  

4.3 

5.3 

4.9 

6 .1  

0 .8 

7.2 

;25 
1.3 

1.1 

0 .5  

1.45 

2.7 

3 .1  

5 .5  

0.8 

2.0 

0.4 

1.8 

2.6 

2.0 

1.7 

10.9 

0.8 

4.8 

1 .2  

3 .6  

6 .1  

3.6 

9.1 

0.5 

13.1 

;25 
1.8 

1.9 

0 .9  

2.6 

1.2 

1.1 

1 .6  

1.05 

4 .0  

0 . 5  

2.4 

3.4 

4.6 

2 .2  

27.0 

1.2 

6 .0  

1 .7  

1.2 

1.15 

1.36 

1.5 

1 .6  

1 .8  

1.38 

1 .8  

1 .8  

1.8 

1.7 

2.8 

3.9  

1.3 

2.0 

1 .2  

1 .3  

1.3 

2.3 

1.3 

2.5 

1 .5  

1 .3  

a 

a 

a 

a 

a 

a 

a 

a 
b 

b 

b 

b 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

(cont inued)  
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558  LINDNER AND HIRSCHBOCK 

TABLE I 1  cont inued 

C i  t r u l l  i n  2.1 4.3 2.1 a 

J -methyl  o r n i t h i n  5.0 6.8 1 .4  a 

L j l  - d i f  1 uoromethyl-  
o r n o t h i n  7 .5  8 .3  1.1 

N-methyl-Val 1 .5  5.6 3.7 

Arg 7.4 16.9 2.3 

H is  

Phe 

Trp  

i 2 5  i25 
3.9  3 .3  1 .2  

i 2 5  2 5  
7.4 8.4 1.1 

'25 i 2 5  
15 19.5 1.3 

6-Me-Trp 17.2 21.2 1 .2  d 

7-Me-Trp 17.4 22.2 1.3 

Phegly 1 .6  2.0 1.4 

d 

d 

Cond i t ions  : Column 2 5 0 ~ 4 . 6  mm I . O . ,  OOS Spher isorb  5 urn, Temperature 5OoC ; 
mob i le  phase compos i t ion  : a )  0.1 M NH4Ac t 0.4 mM TAMOA + 0.4 mM C U ( A C ) ~  
(pH ad jus ted  w i t h  NH OH t o  6 .5 )  ; 
b)  85 mM NH Ac t 0.31 mM TAMOA t 0.34 mM Cu(Ac) 

- a c e t o n q t r i l e  / 850-150 ; Temperature 5OoC ? 
c )  0 . 1  M NH Ac t 8.15 mM TAMOA t 0.15 mM C U ( A C ) ~  

Tempera t i re  50 C ; 
d )  60 mM NH Ac t 0 .9  mM TAMOA + 0.9 mM N A ( A C ) ~  

- methan i l  / 600-400 ; Temperature 35 C . 

(pH ad jus ted  t o  7 .0 )  - 
(pH ad jus ted  t o  5 . 5 )  , 

(pH ad jus ted  t o  7.5) - 

Besides t h e  enan t iosepara t i on  o f  &-amino ac ids ,  TAMOA-CU( 11) supp l i es  

a l s o  some c h i r a l  i n f o r m a t i o n  on the  r e s o l u t i o n  o f  B-amino b u t y r i c  a c i d  re=  
s u l t i n g  i n  an u -va lue  o f  1.2 (see Tab le  I ) .  The r e s o l u t i o n  i s  c e r t a i n l y  l e s s  
pronounced compared t o  :.-amino b u t y r i c  a c i d  ( W  = 2.0), b u t  i t  i s  an i n d i =  
ca t i on ,  t h a t  CLEC i s  n o t  r e s t r i c t e d  t o  SA molecu les  fo rm ing  o n l y  five-mem= 

bered che la te  r i n g s ,  1 i k e  u'-amino ac ids ,  &-hydroxy ac ids ,  ethanolamines e t c .  
Along t h i s  l i n e  we s tud ied  t h e  e f f e c t  o f  a d d i t i o n a l  groups o r  s u b s t i t u e n t s  

o f  t h e  SA molecules,  besides t h e  most dominant c h e l a t i n g  carboxy l  and amino 

group, i n  terms o f  i t s  p a r t i c i p a t i o n  on t h e  c h e l a t e  complex and i n  respec t  
o f  s t e r e o s e l e c t i v i t y .  As model substances served t h e  s t r u c t u r a l  isomers o f  
tyrosine,o-,m- and p-Tyr  ( F i g . 3 ) .  As can be seen f rom F ig .3 ,  o-Tyr cou ld  a c t  as 
a t r i d e n t a t e  l i g a n d  fo rming  a five-membered and a seven-membered c h e l a t e  r i n g  

w i t h  the  c e n t r a l  meta l  i o n  ( i n  t h i s  case N i ( I I ) ,  whereby t h e  b i n d i n g  inc rement  

o f  t h e  OH-group i s  n o t  q u a n t i f i e d  y e t .  I n  m-Tyr and even more i n  p-Tyr,  t h e  
pheno l i c  OH-group becomes l e s s  p o s s i b l e  t o  p a r t i c i p a t e  on the  c h e l a t e  complex 
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560 

o -Tyr 

m-Tyr 

p -Tyr 

Phegly 
Phe 

LINDNER AND HIRSCHBOCK 

13.9 14.7 1.06 

6.4 7.2 1.13 

2.8 3 . 3  1.17 

5.1 6.7 1.31 

>30 > 30 - 

0- / m - / p - Ty rosin e 

F i g u r e  3 

Enant iosepara t ion  o f  ty ros ine  w i th  (R,R)-TAMOA-Ni( 11) c h e l a t e  complex. 
Cond i t i ons  : Column 2 5 0 ~ 4 . 6  mm I.O., Spher isorb  ODS 5 pin, T = 32OC ; 

mob i le  phase : 60 mM NH4Ac t 0 .9  mM TAMOA t 0.9 mM N i (Ac )2  (pH ad jus ted  t o  7 . 5  
w i t h  NH40H) - methanol / 600-400. 

due t o  t h e i r  unfavoured p o s i t i o n .  As a r e s u l t ,  t h e  t o t a l  r e t e n t i o n  t ime  o f  t he  
th ree  isomers i s  s i g n i f i c a n t l y  d i f f e r e n t .  The r e t e n t i o n  t ime  o f  o-Tyr i s  

rough ly  two t imes h ighe r  than  o f  m-Tyr and f o u r  t imes h i g h e r  than  o f  p -Tyr .  
Since i n  uncomplexed s tage t h e  t h r e e  isomers shou ld  have n e a r l y  t h e  same 

l i p o p h i l i c i t y ,  t he  r e t e n t i o n  t ime  o f  t h e  che la ted  molecu les  shou ld  d i r e c t l y  

be connected w i t h  t h e  c a p a b i l i t y  t o  complex meta l  i o n s  v i a  a m u l t i d e n t a t e  
at tachment r e s u l t i n g  i n  d i f f e r e n t l y  s t a b l e  complexes. However, a " s t rong  
complex" must n o t  n e c e s s a r i l y  mean t o  observe a l s o  h i g h  e n a n t i o s e l e c t i v i t y .  

Th i s  i s  o n l y  dependent on t h e  stereochemical  i n f o r m a t i o n  o f  t he  c h i r a l  se lec= 
t o r  ( S E )  and the  conformat ion  o f  t he  c h i r a l  groups o r  s u b s t i t u e n t s  on the  
se lec tand (SA) molecule,  bo th  i n  i t s  che la ted  form, and t h e  r e s u l t e d  s t e r i c a l  
dependent a t t r a c t i o n  o r  r e p u l s i o n  o f  t h e  SA and SE molecu les  t o  each o t h e r .  

I n  the  present  example, when a b i d e n t a t e  l i g a n d  becomes a t r i d e n t a t e  
one by i n c o r p o r a t i n g  an a d d i t i o n a l  b i n d i n g  group, t h e  con fo rma t ion  o f  t h e  
SA che la te  changes, and thus  a l s o  t h e  e n a n t i o s e l e c t i v i t y  o f  t he  t o t a l  mixed 
SE-SA complex can change. As a r e s u l t ,  o-Tyr i s  reso lved  by an J>-value o f  
1.06 which inc reases  t o  1.13 and 1.17 f o r  m-Tyr and p-Tyr.  The t r e n d  o f  

r e t e n t i o n  t ime  and e n a n t i o s e l e c t i v i t y  (J,-values) i s  coun te rcu r ren t .  
Another specu la t i ve  exp lana t ion  f o r  t h i s  phenomenon cou ld  a l s o  be a 

c o m p e t i t i v e  two-dentated r i n g  c h e l a t i o n  o f  t h e  meta l  i on ,  e i t h e r  by r i n g  
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RESOLUTION OF AMINO ACIDS 561 

( a )  o r  by r i n g  (b )  (see  F ig .3 )  which c o u l d  have an e q u i l i b r i u m  t o  each o t h e r .  

Thus, each r i n g  c rea tes  i t s  own conformat iona l  s t e r e o s e l e c t i v i t y ,  wh ich  a l s o  

must n o t  r e s u l t  i n  t h e  same e l u t i o n  o r d e r  and/or  s t a b i l i t y  cons tan ts  o f  t h e  

d ias te reomer i c  mixed complexes. The s t e r e o s e l e c t i v i t y  c rea ted  by t h e  r i n g =  

fo rmat ion  ( a )  o r  ( b )  c o u l d  t h e o r e t i c a l l y  be as d i f f e r e n t  , t h a t  a r e v e r s a l  o f  
t he  e l u t i o n  o rde r  c o u l d  proceed. I f  t h i s  would happen, and t h e  tendency o f  

r i n g  fo rma t ion  ( a )  and ( b )  i s  r e l a t i v e l y  equal ,  a t o t a l  loss of enant iose lec .  

t i v i t y  would be the  r e s u l t .  Even i f  t h e  d i r e c t i o n  o f  t h e  s t e r e o s e l e c t i v i t y  o f  

r i n g  ( a )  and ( b )  remains the  same, b u t  w i t h  a d i f f e r e n t  magnitude, i t  does 

n o t  n e c e s s a r i l y  i m p l i c a t e ,  t h a t  r e s u l t e d  chromatographic $.-values must be 

a d d i t i v e  and increase,  s ince  the  b i d e n t a t e  r i n g  f o r m a t i o n  (a )  and ( b )  compete 
t o  each o t h e r .  As a consequence o f  t h i s  cons ide ra t i on ,  t h e  ex i s tance  o f  more 

than two r e l a t i v e l y  equal b i n d i n g  ( c h e l a t i n g )  groups i n  c h i r a l  l i g a n d  ex= 

change chromatography can cause severe phenomena i n  terms o f  t h e  o r d e r  o f  

c h i r a l  r e s o l u t i o n  and i t s  magnitude. I t  shou ld  be no t i ced ,  t h a t  t h e  e l u t i o n  

o rde r  o f  p r o l i n e  and o t h e r  c y c l i c  .,.-amino a c i d s  (L b e f o r e  0- isomer) i s  r e =  

versed i n  comparison t o  open chained s.-amino ac ids  bes ides  h i s t i d i n e .  A l so  

the  I .  -amino ac ids  Asp, G l u ,  CyS03H and H i s  which can fo rm r e l a t i v e l y  s t a b l e  
t r i d e n t a t e  o r  compe t i t i ve  b i d e n t a t e  c h e l a t e  r i n g s  between the  two ca rboxy l  

and t h e  amine f u n c t i o n s ,  show reversed e l u t i o n  o rde rs  ; observa t i ons  c o u l d  
f i t  i n t o  the  above made statement.  

The exper iment shown i n  F i g . 3  con ta ins  a l s o  t h e  va lues  o f  pheny lg l yc ine  
(Pheg ly )  and pheny la lan ine  (Phe).  The r e l a t i v e  r e t e n t i o n  o f  Phegly i s  about  

the  same t o  m-Tyr, whereas the  k '  va lues  o f  D,L-Phe, l a c k i n g  the  OH-group o f  

Tyr ,  a r e  much h ighe r  than 30. Subsequent ly,  t he  complex f o r m a t i o n  o f  Phe 

w i t h  N i ( I 1 )  and TAMOA i s  much s t ronger  than  o f  Phegly, s ince  the  i nc rease  

o f  r e t e n t i o n  can n o t o n l y  be a t t r i b u t e d  t o  the  CH2 inc rement  , as the  o n l y  
d i f f e r e n c e  between Phe and Phegly ; t h e  r e t e n t i o n  must a l s o  deal  w i t h  a more 

s t a b l e  complex fo rma t ion  o f  Phe r a t h e r  than  o f  Phegly.  

Besides the  r e s u l u t i o n  o f  racemic amino ac ids  we examined b r i e f l y  t h e  enan= 

t i o s e l e c t i v i t y  o f  TAMOA towards racemic compounds w i t h  ethanolamine s t r u c t u r e  

as shown i n  F ig .4 ,  us ing  the  same s e t  o f  cond i t i ons ,  as chosen f o r  t h e  r e =  

s o l u t i o n  o f  Tyr isomers.  As a r e s u l t ,  t h e  ethanolamine, ST 1059, can p a r t i a l l y  

be reso lved,  whereas t h e  r e l a t e d  compounds, methoxamine and octopamine, r e =  
main unreso lved.  I t  seems obv ious l y ,  t h a t  t h e  methoxy group p a r t i c i p a t e s  t o  

some e x t e n t  a t  t he  c h e l a t e  fo rma t ion ,  even more pronounced than  t h e  a l i p h a t i c  
OH-group. However, i f  t h e  SE molecu le  con ta ins  an a d d i t i o n a l  c h i r a l  cen te r ,  

as i n  methoxamine, thus  r e s u l t i n g  i n  t h e  f a c t ,  t h a t  f o u r  s te reo isomers  can n o t  

be separa ted  any more, p robab ly  due t o  i n s u f f i c i e n t  chromatographic s u f f i -  

c i ency  o f  t he  c h i r a l  system. One can observe o n l y  a b road and unreso lved peak. 
Comparing octopamine w i t h  p - t y ros ine ,  i t  i s  c l e a r l y  seen, t h a t  f o r  c h e l a t i o n  

j u s t  t he  a l i p h a t i c  OH and the  amine f u n c t i o n  would be access ib le ,  b u t  t he  
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RESOLUTION OF AMINO ACIDS 563 

OH-group che la tes  too  weak, so octopamine i s  a lmost  un re ta ined  and unreso lved 
under these cond i t i ons .  

As a consequence f rom the  f i n d i n g ,  t h a t  t he  pheno l i c  OH-group i n  m- ty ros ine  
p a r t i c i p a t e s  t o  some e x t e n t  a t  t he  c h e l a t e  complex, t h e  conc lus ion  becomes 

obv ious l y  t o  t r y  a l s o  t h e  r e s o l u t i o n  o f  catecholamines as another  example f o r  

racemic ethanolamines. As seen i n  F ig .5 ,  p a r t i a l  r e s o l u t i o n  can be observed 

f o r  norep inephr ine ,  which must deal  w i t h  a p r e f e r e n t i a l  c h e l a t e  r i n g  f o r m a t i o n  

between the  pheno l i c  OH and t h e  amino groups, thus  b u i l d i n g  an eight-membered 

r i n g .  Ep inephr ine  and o t h e r  catecholamines cou ld  n o t  be reso lved  under these 

c o n d i t i o n s .  

CLEC phenomena, a specu la t i ve  r e f l e c t i o n  

D iscuss ing  c h i r a l  l i g a n d  exchange chromatography phenomena, e s p e c i a l l y  i n  
mob i l e  phase a d d i t i v e  mode, e f f e c t s  caused by mob i l e  phase components, l i k e  

b u f f e r  s a l t s ,  hydrox ide  i o n  concen t ra t i on ,  water,  o rgan ic  m o d i f i e r s  and 
ammonia, which a re  always present ,  as w e l l  as t h e  amount o f  t h e  me ta l  i o n  
s a l t  and t h e  c h e l a t i n g  agent  and t h e i r  r a t i o  t o  each o t h e r  shou ld  be con= 

s idered .  

F i r s t l y  we examined on an example t h e  i n f l u e n c e  o f  t he  r a t i o  o f  t h e  c h i r a l  

s e l e c t o r  (TAMOA) t o  meta l  i o n  (Ni") i n  terms o f  s t e r e o s e l e c t i v i t y  ( '4 -  
va lues ) ,  keeping o t h e r  chromatographic parameters cons tan t .  The r e s u l t s  a r e  
summarized i n  Tab le  I l l .  As can be seen, i n  a r e l a t i v e l y  low c o n c e n t r a t i o n  

range o f  TAMOA i n  t h e  mob i l e  phase, t he  g r e a t e s t  va lue  o f  e n a n t i o s e l e c t i v i t y  

was observed when the  molar  r a t i o  o f  TAMOA t o  N i ( I 1 )  was 1 : l .  A t  t h i s  s e t  of 

chromatographic c o n d i t i o n s  (0 .9 mM TAMOA/ 1 m o b i l e  phase), no o r  l i t t l e  enan= 
t i o s e p a r a t i o n  cou ld  be n o t i c e d  i f  t h e  r a t i o  TAMOA t o  N i ( I 1 ) - a c e t a t e  was 1:2 

o r  2 : l .  T h i s  r e s u l t  i s  n o t  t h a t  as ton i sh ing ,  i f  one cons iders ,  t h a t  l i g a n d  

exchange and c h e l a t i o n  a r e  n o t  o n l y  caused by  t h e  SE and SA molecules,  b u t  

a l s o  by t h e  a d d i t i o n a l  mob i l e  phase components, e s p e c i a l l y  ammonia and hydro= 
x y l  i o n s .  I n  f a c t ,  i n  t h e  CLEC, e s p e c i a l l y  i n  t h e  mob i l e  phase a d d i t i v e  mode, 

many e q u i l i b r i a  o f  formed mixed c h e l a t e  complexes a r e  poss ib le .  Lam (16) has 

desc r ibed  t h e  s imp les t  fo rm o f  s t e r e o s e l e c t i v e  mixed c h e l a t i o n  by t h e  forma= 

t i o n  o f  t e r n a r y  complexes c o n s i s t i n g  o f  a meta l  i o n  and two n o n i d e n t i c a l  

l igands ,  such as SE and SA. 
Me t 2 SE=+ SE-Me-SE 
Me t 2 S A .  --'SA-Me-SA 
Me + SE SA. -*SE-Me-SA 

SE-Me-SE t SA-Me-SA;-L&Z SE-Me-SA 

The s t a b i l i t y  o f  t he  t e r n a r y  complex i s  descr ibed by 

l o g  k 2 l o g  [SE-Me-SA] - l o g  DE-Me-SE] - l o g  [SA-Me-Se 

A p r e f e r e n t i a l  f o rma t ion  o f  t he  t e r n a r y  mixed complex i s  cha rac te r i zed  by 

the  s i g n  and the  va lue  o f  l o g  k and a l s o  by the  concen t ra t i on  o f  SE, Me and 
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564 LINDNER AND HIRSCHBOCK 

Norepinephrine 

1 2 3 4 5 G 7 8 9  min 

F i g u r e  5 
Enant iosepara t ion  o f  racemic norep inephr ine  w i t h  (R,R)-TAMOA-Cu(1I) c h e l a t e  

complex. Cond i t i ons  : Column l i k e  i n  F ig .3  , T = 5OoC ; mob i le  phase : 0.1M 

NH4Ac + 2 mM TAMOA t 2 mM Cu(Ac)* (pH ad jus ted  t o  6.5 w i t h  NH40H). 
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566 LINDNER AND HIRSCHBOCK 

SA. However, the ligand exchange will not only be performed by exchanging 
from the SE-Me-SE complex one partner by a (0)- or (L)-SA molecule forming 
the diastereomer complexes SE-Me-(D)-SA and SE-Me-(L)-SA ; it is also likely, 
that an intermediate complex summarized as ( I ) ,  indicated in Fig.6, has to 
be formulated as enantioselective chelate complex with relatively easy ex= 
changeable ligand molecules. By this extension of the traditional concept it 
has t o  be dealt with not precisely defined SE-Me-I complex as well as with 
the complexes SE-Me-SE, SA-Me-I and I-Me-I which all should be present to 
some extent in the chromatographic system. Consequently it will be fairly 
sensitive to get retention of SA via complexation with metal ions and mobile 
phase components, and enantioselectivity via stereospecific chelation with 
a chiral SE ligand. Thus, it becomes obvious, that such systems have to be 
balanced by e.g. pH and/or a source of metal ion to get moderately stable 
mixed complexes to force the enantioselective 1 igand exchange mechanisms. 
The stereoselectivity is determined by the three dimensional conformation o f  

the diastereomer SE-Me-SA complex, of the spatial interaction (attraction 
or repulsion) of the chiral substituents within the mixed chelate complex. 

It was also found, that the concentration of the components in the mobile 
phase and especially of the chiral selector (e.g. TAMOA) which is partially 
adsorbed on the stationary phase, will contribute significantly to the re= 
tention characteristics. At increasing concentration of TAMOA (its limita- 
tion i s  determined by the solvability of the TAMOA-Me-ion complex in the 
mobile phase), it becomes feasible, that even at a 2 : l  ratio of TAM0A:Me- 
ion enantioselectivity is created , but slightly less pronounced than at a 
1:l ratio. Also the retention times increase remarkably, what is expected; 
but this says only, that more sites are excessible to create retention for 
the SA molecules. 
As mentioned previously, retention is performed by the number of chelate 
complexes adsorbed on the stationary phase (SE-Me-SE and SE-Me-I, repsec= 
tively) if one ligand can be exchanged by SA molecules. If one makes the 
reverse experiment, doubling the metal ion concentration in respect to the 
amount of SE (the ratio of TAMOA to Ni(I1) is 1:2) ,  surprisingly also a re= 
markable increase on retention compared to the 2:1  ratio of TAMOA:Ni(II) is 
observed. Consequently, not only the amount of SE-Me-SE and SE-Me-I is re= 
sponsible to create retention of SA via chelation, it is also the amount of 
the undefined complex I-Me-I capable to undergo 1 igand exchange mechanism 
thus forming I-Me-SA complexes which contribute also an increment to the 
overall retention, but not to enantioselectivity. The stability constants of 
the I-Me-I complex will be much lower than, for instance, for SE-Me-SA, how= 
ever, the concentration of I is much higher than the one of SE, so this model 
could still be valid. Another aspect which is shown by this experiment, is 
the fact, that for a sufficient creation of enantioselectivity the number of 
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568 LINDNER AND HIRSCHBOCK 

e n a n t i o s e l e c t i v e l y  access ib le  SE-Me-SE and/or  SE-Me-I mo lecu les  seems t o  be 
r e l a t i v e l y  low. The p o s t u l a t i o n  o f  an 1:l complex o f  SE:metal i o n  seems t o  

be a l s o  i n  accordance t o  t h e  r e s u l t s  o f  Feibush e t  a1 ( 3 5 )  who designed 

c a l l e d  " d i l u t e d "  bonded s t a t i o n a r y  phase f o r  CLEC, thus  avo id ing  t h e  dimonant 

fo rma t ion  o f  t h e  2 : l  complexes (SE-Me-SE). The r e s u l t s  o f  t he  au tho rs  were 

super io r  i n  terms o f  e n a n t i o s e l e c t i v i t y  and column e f f i c i e n c y ,  which cou ld  
be a t t r i b u t e d  t o  the  more r a p i d  exchange o f  i n te rmed ia te  l i g a n d s  than  t o  

the  SE l i gand .  

exchange mechanisms i n v o l v i n g  t h e  c h e l a t i o n  o f  meta l  i ons  shou ld  be d iscussed.  
I f  meta l  ions  a re  present ,  such molecu les  w i l l  a lways e l u t e  as c h e l a t e  com= 

p lexes  con ta in ing  a c e n t r a l  meta l  i on .  Thus, t he  e l u t e d  and reso lved  peaks 

i n  t h e  mob i le  phase a d d i t i v e  mode o f  CLEC shou ld  be e i t h e r  t h e  diastereo. 

isomer, SE-Me-(L)-SA and SE-Me-(D)-SA complexes, o r  t h e  cor respond ing  

I-Me-(L)-SA and I-Me-(D)-SA complex, i f  one cons ide rs  an exchange o f  SE and 

I . I n  the  same way, SE o r  I c o u l d  subsequent ly be exchanged by a SA molecu le  

p r e f e r a b l y  w i t h  the  same c o n f i g u r a t i o n  ( L  o r  D) as the  p a r t n e r  SA mo lecu le ,  
s ince  the  p a r t i c u l a r  enant iomer i s  a l ready  concent ra ted  

peak f r a c t i o n .  

As a r e s u l t ,  a complex, e.g. (L)-SA-Me-(L)-SA, would be formed rep resen t ing  

the  molecules o f  t he  (L)-peak. I t i s  ha rd  t o  d i s t i n g u i s h  between these p r i n -  

c i p l e  ways. However, i f  the  c h i r a l  s e l e c t o r  SE i s  c o v a l e n t l y  bonded t o  the  

backbone, one w i l l  a l s o  observe enan t iosepara t i on  by comparable 1 igand ex= 

change mechanisms, whereby the  e l u t e d  f r a c t i o n  o f  t he  (L)-peak can o n l y  con= 
t a i n  the  (L)-SA-Me-(L)-SA o r  t h e  I-Me-(L)-SA complex molecu les .  

l a t i v e l y  equal t o  each o t h e r  i n  terms o f  l i p o p h i l i c i t y .  I f  so, SA cou ld  

a l s o  serve as a c h i r a l  s e l e c t o r  f o r  another  SA molecu le  fo rm ing  SA-Me-SA 
complexes. Assuming a chromatographic system c o n t a i n i n g  no c h i r a l  SE mo lecu le  

p resent  i n  t h e  mob i l e  phase o r  g r a f t e d  on to  the  backbone , and i n j e c t i n g  a 
nonracemic m i x t u r e  o f  c h i r a l  SA molecu les  (unequal  ( D ) - ( L ) - r a t i o ) ,  t he  

access ib le  isomer (e.g.  t h e  (L ) - fo rm)  cou ld  serve  as a c h i r a l  s e l e c t o r .  I n  
t h i s  case t h e  f o l l o w i n g  mixed che la te  complexes cou ld  be performed : 

a SO= 

I n  the  f o l l o w i n g  a d d i t i o n a l  aspects o f  enan t iosepara t i on  assuming l i g a n d  

i n  the  r e s p e c t i v e  

The SA and SE molecu les  a r e  i n  p r i n c i p l e  exchangeable and probab ly  r e =  

(L) -SA-Me-( L)-SA (1) 

( L )  -SA-Me-( 0)-SA ( 2 )  
(D)-SA-Me-( D)-SA ( 3 )  

The complexes (1) and ( 3 )  behave e n a n t i o m e r i c a l l y  t o  each o t h e r ,  b u t  d i a -  

s te reomer i ca l l y  t o  complex ( 2 ) ,  what means, t h a t  ( 2 )  must be d i f f e r e n t  f rom 

(1) and ( 3 )  i n  terms o f  complex s t a b i l i t y  cons tan ts  and e.g. l i p o p h i l i c i t y .  

Subsequent ly a r e s o l u t i o n  o f  (L)-SA and (D)-SA shou ld  be poss ib le ,  espe= 
c i a l l y  when the  amount o f  (D)-SA i s  much sma l le r  than of (L)-SA and there= 

f o r e  the  amount o f  t h e  (0)-SA-Me-(D)-SA (complex (3)  becomes smal l  t o  

n e g l i g i b l e  compared t o  the  complex (1) and ( 2 ) .  Th i s  concept shou ld  theo= 
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RESOLUTION OF AMINO ACIDS 

r e t i c a l l y  work, i n  cons is tence w i t h  t h e  c h i r a l  mob i l e  phase a d d i t i v e  (SE) 

concept d iscussed p r e v i o u s l y .  

G i l -Av  and coworkers have made s i m i l a r  cons ide ra t i ons  (36)  e x p l a i n i n g  
the  r e s o l u t i o n  of a nonracemic m i x t u r e  w i t h o u t  t he  usage o f  any o t h e r  c h i r a l  

source t o  r e s o l v e  t h e  enant iomers.  

The concept o f  separa t i ng  o p t i c a l  isomers v i a  the  f o r m a t i o n  o f  d ias te reomer  

molecu le  complexes w i t h  an o p t i c a l l y  a c t i v e  recourse  ( S E )  i n  t h e  m o b i l e  phase 
i s  a genera l  one. The i n t e r m o l e c u l a r  b i n d i n g  f o r c e s  t o  per fo rm mo lecu le  

assoc ia tes  a re  d i ve rse ,  t he  fo rma t ion  o f  mixed c h e l a t e  complexes i s  o n l y  one 

way t o  o b t a i n  the  goa l .  Other chromatographic techn iques  f o l l o w i n g  t h i s  l i n e  
a re  the  " s o l v a t i o n "  o f  c h i r a l  molecules , e.g. s a l t s  o f  a lkanolamines, w i t h  

o p t i c a l l y  pure  c h i r a l  so l ven ts  (e.g.  t a r t a r i c  a c i d  e s t e r s ) ,  thus  fo rm ing  
d ias te reomer i c  mo lecu le  assoc ia tes  (L)-SA-(R)-SEX and (D)-SA-(R)-SEX, as i t  

was r e c e n t l y  e x p e r i m e n t i c a l l y  demonstrated by P re log  and coworkers ( 3 7 ) .  

shown by Hara e t  a1 (38), us ing  ( R , R ) - t a r t a r i c  a c i d  amines as c h i r a l  s e l e c t o r  

( S E )  t o  fo rm d ias te reomer i c  mo lecu le  complexes, f o rced  by hydrogen bonding 
and d i p o l - d i p o l  i n t e r a c t i o n s ,  f o l l o w s  a l s o  the  genera l  p r i n c i p l e  as w e l l  as 

the  e n a n t i o s e l e c t i v e  i o n  p a i r  chromatography , in t roduced  by Pe t te rsson  and 

S c h i l l  ( 39 ) .  

A l l  t h e  d i f f e r e n t  mo lecu le  complexes b r i e f l y  d iscussed before shou ld  be 
descr ibed by e q u i l i b r i a  and t h e i r  cons tan ts  which can be q u i t e  d i f f e r e n t .  

To which s i d e  the  molecu le  a s s o c i a t i o n  o r  d i s s o c i a t i o n  i s  f o rced ,  i s  con= 

t r o l l e d  by the  concen t ra t i on  o f  each p a r t n e r .  A lso  the  e q u i l i b r i a  a r e  super-  

imposed, consequent ly,  i t  i s  q u i t e  compl ica ted  t o  c h a r a c t e r i z e  them sepa- 

r a t e l y .  The pos tu la ted  molecu le  complexes i n  t h e  a d d i t i v e  mode o f  CLEC ( s e e  

F i g . 6 )  i l l u s t r a t e s  t h i s  c l e a r l y .  Besides t h i s ,  a l s o  k i n e t i c s  of  t h e  v a r i o u s  

exchange processes shou ld  be discussed, s ince  they  a r e  ve ry  impor tan t  f a c =  

t o r s  i n  terms o f  peak performance and e s p e c i a l l y  n o t i c e a b l e  i n  CLEC systems. 

E.g. i n c r e a s i n g  the  temperature g e n e r a l l y  speeds up the  exchange process  
r e s u l t i n g  i n  b e t t e r  peak performance , however, o f t e n  a decrease i n  enan t io=  

s e l e c t i v i t y  has t o  be taken i n  account.  I n  p a r t i c u l a r  Davankov has taken  

a t t e n t i o n  t o  t h i s  impor tan t  aspect i n  CLEC ( 3 ) .  

The c h i r a l  mob i l e  phase a d d i t i v e  techn ique i n  non-aqueous systems, as 

569 

CONCLUSION 

Using (R,R)-TAMOA-CU (II)as c h i r a l  mob i l e  phase a d d i t i v e  t o  c r e a t e  enant io.  

s e l e c t i v e  l i g a n d  exchange systems i n  reversed phase LC a l l o w s  t h e  r e s o l u -  
t i o n  o f  many f r e e  >>-amino ac ids  i n c l u s i v e l y  N-methylated ones. I t s  seven- 

membered c h e l a t e  s t r u c t u r e  i s  unique, however, i t  w i l l  o n l y  c r e a t e  enan t io=  

s e l e c t i v i t y  f o r  se lec tand molecu les  
(e .g .  Cu2+ o r  N i2+ ) .  Based on the  d i v e r s e  meta l  c h e l a t e  complexes p o s t u l a t e d ,  

i t  becomes obvious, t h a t  t he  many v a r i a b l e s  (e .g .  t ype  o f  mob i l e  phase 

a l s o  capab le  t o  c h e l a t e  a meta l  i o n  
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570 LINDNER AND HIRSCHBOCK 

components and its concentration) will influence the overall retention 
characteristics and also the enantioselectivity is dominated, however, by 

the molecularstructure of SE and SA and the size and position o f  the chiral 
substituents and their spatial interaction. 
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