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RESOLUTION OF OPTICAL ISOMERS AS 
THE MIXED CHELATE COPPER(I1) 

COMPLEXES BY REVERSED PHASE 
CHROMATOGRAPHY 

Stanley Lam and Arthur Karmen 
Department of Laboratory Medicine 
Albert Einstein College of Medicine 

Bronx, New York 10461 

ABSTRACT 

Highly s e l e c t i v e  separa t ion  of D and L amino a c i d s  can be 
e f f e c t e d  by reversed phase chromatography of mixed c h e l a t e  
corrplexes of t h e  ana ly te  a c i d s  with equimlar concent ra t ions  of 
Cu(I1)  and an o p t i c a l l y  a c t i v e  second amino a c i d  i n  t h e  mobile 
phase. The stabilities of t h e  formed diastereomeric te rnary  
complexes will determine t h e  r e s o l u t i o n  of enantiomers. 
t h i s  approach, amino a c i d s  were resolved as t h e  dansyl and 
0-phthalaldehyde (OPA) d e r i v a t i v e s  and i m i n o  acids were 
separated without der iva t iza t ion .  
amino a c i d s  w a s  accomplished as t h e  mixed complexes of Cu(I1)  
with G p r o l i n e ,  ' L a r g i n i n e ,  L h i s t i d i n e  and L-his t idine methyl 
ester as t h e  second amino acids .  Among t h e  chiral  l igands  we  
s tud ied ,  L h i s t i d i n e  methyl ester is unique i n  t h a t  it 
possesses both a c h i r a l  s e l e c t i v i t y  for t h e  dansyl amino acids 
and chiral s e l e c t i v i t y  for the r e s p e c t i v e  D and L enantiomers. 
With a mobile phase grad ien t  of a c e t o n i t r i l e  i n  a b u f f e r  
containing C u ( I 1 )  L-histidine methyl ester complex, we devised 
a s t e r e o s e l e c t i v e  procedure for t h e  a n a l y s i s  of D and L amino 
acid enantiomers, achieving t h e  separa t ion  t h a t  t h e  c u r r e n t  
amino ac id  analyzer f a i l e d .  

By 

Resolution of D and L dansyl  

The mixed c h e l a t e  metal 
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292 LAM AND KARMEN 

complexation approach w a s  recently extended to resolve OPA 
derivatives. "he free amino acid was reacted w i t h  OPA i n  the 
presence of a chiral sulfhydryl reagent, N-acetyl-Gcysteine 
(NAC). 
reversed phase column, with a mobile phase containing C u ( I 1 )  
L-proline, using fluorescence detection and resolved the 
optical isomers of the c o m n  primary amino acids. The same 
approach was also used  to  resolve compounds containing amine 
and su l fhydry l  groups. 
resolution of D and L imino acids is a more complicated 
problem. The reason is that the  nitrogen of the imino acids 
mus t  be derivatized i n  order to be detected whereas both the 
carboxyl and the imino groups must be free to allow 
complexation for chiral separation. A procedure for the 
resolution of D and L isomers of pipecolic acid and proline was 
devised by complexing the analytes with Cu(I1)-Gaspartame and 
detecting the complexes a t  W 235 nm. The u r i n e  concentration 
of D and L pipecolic acid was also measured this way for 
patients w i t h  disorders of l y s i n e  metabolism. 

HPLC of t h e  derivatives w a s  then performed on a 

The simultaneous detection and 

Resolution of optical isomers of amino acids can be 

effected by complexation of the analyte acids w i t h  a chiral 
ligand and a metal ion introduced to the chromatographic 
system. Highly selective for the enantiomers, such a system 
can be implemented by two general approaches: one by 
irnnobilizing a chiral, metal coordinating ligand on the solid 

suppr t  to create a specific solute sorbent interaction, and 
the other by adding an optically active metal complex to the 
mbile phase to faci l i ta te  enantiomeric recognition. 

An example of the f i r s t  approach is the  work of Davankov 

and Rogozhin who used a stationary &ase consisting of 
L-proline bonded to resins on which C u ( I 1 )  metal ion was 

subsequently loaded. 
racemates of amino acids by ligand exchange chromatography 

They pioneered the resolution of 

( 1 1 2 ) .  

I n  the last  several years, interest i n  chiral separation 

stimulated the developnent of the second metal complexation 
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RESOLUTION OF OPTICAL ISOMERS 293 

approach. In  t h i s ,  a non-polar, reversed phase column is 

usual ly  used with a mobile phase conta in ing  a c h i r a l  metal 
complex. For example, Karger and co-workers (3 ,4)  used 

L-2-alkyl-4-octyldiethylenetriamine complexes of zitlc and o ther  
metals in  t h e  m b i l e  phase to separate dansyl d e r i v a t i v e s  of 

amino acids .  Hare and Gil-Av with Cu(I1)-L-proline ( 5 ) ,  

Weinsteins et. al. with Cu(II)-di-N-propyl-L-alanine (6), and 
Nimur et. a l .  with ( 7 )  C u ( I 1 )  N-(p-toluene-sulfony1)-L- 
phenyalanine resolved f r e e  D and L amino a c i d s  following by 
fluorescence de tec t ion  a f t e r  post column d e r i v a t i z a t i o n  wi th  

OPA. Grushka et. a l .  (8,9), using Cu(I1)  complexes of 
Gaspartame and der iva t ives  of a s p a r t i c  ac id  also separated a 

number of C and L amino a c i d s  and de tec ted  t h e  metal complexes 
a t  W 235 nm. 

Over the years ,  w e  have developed s e v e r a l  s t e r e o s e l e c t i v e  

approaches to analyzing amino a c i d s  by HPLC. 
separated dansyl d e r i v a t i v e s  of amino a c i d s  on a reversed phase 
column as mixed c h e l a t e  complexes with e q u i m l a r  concent ra t ions  
of C u ( I 1 )  and a second amino ac id  such as L-proline, 
L-arginine,  G h i s t i d i n e  and L-histidine methyl ester i n  t h e  
mobile phases (10-16). Some c h i r a l  addi t ives ,  such as 

L-histidine and L-proline, are more s e l e c t i v e  f o r  optical 
isomers while o thers ,  such as L-his t idine methyl ester and 
L-arginine, o f f e r  b e t t e r  separa t ion  of t h e  d i f f e r e n t  amino 
acids .  Thus, L-h is t id ine  methyl ester w a s  selected for  t h e  
grad ien t  separa t ion  of amino a c i d s  and t h e i r  enantiomers. 

In t h e  f i r s t  w e  

In  the  second approach t h a t  was devised mre r e c e n t l y ,  we 
separated stereoisomers of amino a c i d s  as d e r i v a t i v e s  formed 
with Gphthalaldehyde and t h e  c h i r a l  su l fhydry l  agent ,  
N-acetyl-L-cysteine. 
those of h i s t i d i n e  and cys te ine ,  were separa ted  rap id ly  on a 
reversed phase column with a mobile phase conta in ing  copper(I1) 
L-proline. Our work with t h e  amino acids indica ted  t h a t  the  

A l l  t h e  primary amino ac id  p a i r s  except 
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294 LAM AND KARMEN 

complex formed between Cu(I1) and the OPA-NAC derivatives 
resulted fran binding of the copper at the carboxyl and 
N-acetyl amino group of N-acetyl-Gcysteine rather than at the 
coordination sites of the analyte amino acid. This cbservation 
suggested the use of this aFproach to resolve stereoisomers of 
primary mines and sulfhydryl conpounds. The conpounds selected 
for testing, D,L-phenylethylamine and D,L-normetanephrine as 
examples of interesting amino compounds, and N-acetyl-D,L 
penicillamine, which contains a sulfhydryl group, were a l l  
resolved (17). 

Interest in assaying pipecolic acid and determining its 
optical isomers in urine had stimulated the developnent of the 
third approach for the imino acids. Imino acids were resolved 
on a reversed phase column as the Cu(I1)-Gaspartadmixed 
conplexes and which absorb at 235 nm were detected by a W 
detector (18).  

The chromatographic approach for the stereoselective 
resolution of amino acids bases on the mechanism on mixed 
chelate corrplexation of the analyte amino acids with the metal 
ion and a second amino acid added,to the mobile phase. 
chelate metal mnplexes are m m n l y  found in physiological 
system as the mixed ligand-metal cqlexes of amino acids and 
peptides, and enzyme-metal-substrate complexes. 
form of a mixed chelation is a ternary complex consisting of a 
metal ion and two non-identical ligands. 
this discussion, we assume that the metal ion, M, is divalent 
and the ligands, Ax and Ay, m e  two mino acids. In solution 
the metal ion is in equilibrium with the tm ligands as 
follows: 

Mixed 

The swlest 

For the purpose of 
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RESOLUTION OF OPTICAL ISOMERS 295 

The disproportionation constant K can be written as: 

Statistically there are two ways the mixed carplex M(Ax)(Ay) 
can be formed but only one way the binary canplexes M(Ax)2 
and M(Ay)2 can be. The expectk disproportionation constant 
is 4. le 
electrostatic, steric and pi-bonding effects are ~oduced by 
complex formation (19). 

The preferential formation of ternary metal canplexes can 
be facilitated for enantioselective separations. ‘Ihus, in an 
aqueous d i l e  phase containing L-amino acid (GAx) and Cu(I1) 
in a 2:l concentration ratio, the equilibria are: 

Mixed chelate formation should be strong if favor P 

L-Ax + Cu( 11) (bAx)Cu( 11) 

(L-Ax)cu(II) + GAx -cu(II)(GAx)2 

At neutral @, the binary conplex Cu(II)(bAx)2 is 
predaninant. On the introduction of the enantianers of an 
anino acid, an equilibria of the parent carplexes and the 
diaatereaneric conplexes would be established: 
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296 LAM AND KARMEN 

The charged species and t h e  metal ions would remain i n  the 

aqueous phase, while t h e  mre hydrophcbic and n e u t r a l  binary 
and te rnary  complexes would p a r t i t i o n  i n t o  t h e  non-polar 
s ta t ionary  phase. In t h e  presence of Cu(I I ) (GAX)2,  t h e  
enantiomeric solutes d ispropor t iona te  t h e  chiral  l igands  to 
form two diastereomeric te rnary  complexes of d i f f e r e n t  

s t a b i l i t y .  
of these  complexes by reversed phase chromatography. 

Resolution of the  enantiomers r e s u l t s  on s e p a r a t i o n  

STEREOSELECTIVE SEPARATION OF 13 AND L DANSYL AMINO ACIDS 

Using irobile phases t h a t  contained c h i r a l  metal complexes 
of Cu(I1)  Lrprol ine,  G a r g i n i n e ,  L h i s t i d i n e ,  and G h i s t i d i n e  
methyl ester, we have separated D and L dansyl amino acids by 
t h e  mixed c h e l a t i o n  approach and t h e  isomers de tec ted  by 
fluorescence.  
on the alkyl s u b s t i t u e n t  on t h e  &-carbon of t he  amino ac id  
(Table 1 ) .  The higher t h e  carbon conten t  and the bulk ier  t h e  
alkyl group, the  la rger  is t h e  s e l e c t i v i t y  f a c t o r ,  because of 
the i n t e r a c t i o n  of the alkyl groups of t h e  bis(amino 
a c i d ) C u (  11) complex. 
system, t h e  greatest s t e r e o s e l e c t i v i t y  is always &served w i t h  

t h e  isomeric pairs of phenylalanine and tryptophan which have 
t h e  l a r g e s t  a lkyl  subs t i tuent .  

The s e l e c t i v i t y  between D- and L- p a i r s  depends 

With t h e  exception of t h e  G h i s t i d i n e  

The s e l e c t i v i t y  between t h e  individual  amino a c i d s  depends 
"he d e r i v a t i v e s  on t h e  hydrophobicity of the  metal c o q l e x e s .  

with the highest  carbon conten t  favorably p a r t i t i o n  on t h e  
hydrocarbon s ta t ionary  phase. 
of carbon a t o m ,  those pairs w i t h  a l i n e a r  s ide-chain such as 
norval ine and norleucine are re ta ined  longer than those w i t h  a 
branched s ide-chain such as v a l i n e  and leuc ine  and are 
separated more. ?his behavior is probably due to t h e  s t ronger  
spatial i n t e r a c t i o n  of the s t r a i g h t  cha in  isomers wi th  the 

s ta t ionary  phase. 

For isomers with an equal  number 
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298 LAM AND KARMEN 

The chromatographic system conta in ing  the Cu(I1)  complex of 
h i s t i d i n e  methyl ester, which o f f e r e d  adequate c h i r a l  
s e l e c t i v i t y  for  t h e  enantiomers and e x c e l l e n t  a c h i r a l  
s e l e c t i v i t y  f o r  t h e  d i f f e r e n t  amino acids, w a s  developed i n t o  a 

s t e r e o s e l e c t i v e  a n a l y s i s  system. 
gradient  of a c e t o n i t r i l e  i n  a buf fer  conta in ing  Cu( 11) 
G h i s t i d i n e  methyl ester, most of the amino a c i d s  except 
pro l ine ,  hydroxylproline,  a lan ine ,  threonine and c y s t e i n e  were 
separated and their i smrs  resolved i n  the same a n a l y s i s  
(Figure 1 ) . 
superior  i n  some ins tances  to those by simple reversed phase 

chromatography. It has all t h e  advantages of reversed phase 
chromatography with the  e x t r a  dimension of separa t ion  v i a  metal 
complexation. With this system, a procedure f o r  the 

measurement of amino acids i n  t h e  cerebrospina l  f l u i d  was 
devised. A l l  t h e  mjor amino a c i d s  were separated as the  
dansyl der iva t ives .  As expected, most of them were i n  t h e  
L-form. 

Using a c a r e f u l l y  c o n t r o l l e d  

The separa t ions  between var ious L isomers are 

Of particular i n t e r e s t  is the measurement of cerebrospina l  
f l u i d s  from p a t i e n t s  w i t h  i n f l m a t o r y  d i s e a s e s  of t h e  c e n t r a l  
nervous system because the p o s s i b i l i t y  of change i n  amino acid 

composition and d e t e c t i o n  of D isomers from bacterial o r i g i n .  
Several  p a t i e n t s  with bacterial meningi t is  had e a s i l y  
d is t inguishable  cerebrospina l  f l u i d  amino acid composition from 
p a t i e n t s  with negat ive bacterial c u l t u r e  (Figures  2 and 3 ) .  

The meningi t is  p a t i e n t s  also had a g r e a t e r  nmmber of peaks 
with r e t e n t i o n  t ime of D amino acids which were presumably 
synthesized by t h e  i n f e c t i o u s  bacteria. 
a r e  need to pos i t ive ly  i d e n t i f y  t h e  unknown amino acids. 

HOwever, more works 

RESOWICN OF D AND L AMINO A C I B  AS THE OPA DERIVATIVVES 

In  a cont inuing e f f o r t  to reso lve  enantiomers, we  have 
extended t h e  mixed c h e l a t i o n  approach to t h e  OPA d e r i v a t i v e s  of 
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RESOLUTION OF OPTICAL ISOMERS 299 

20 40  
N 

Figure 1 .  Separat ion of D,Gamino ac id  s tandards.  Mobile 
phase: 5.0 mM L h i s t i d i n e  methyl ester, 2.5 mM Ca04.5H20 
and 2.0 g of m n i u m  acetate, @ 5.5. A stepise g r a d i e n t  was 
formed by blending t h e  buf fer  with a 40% a c e t o n i t r i l e  s o l u t i o n  
of t h e  same buffer .  

amino acids .  
compounds react s to ich iometr ica l ly  with OPA i n  a l k a l i n e  medium 

i n  t h e  presence of a t h i o l .  
forming an addi t ion  product t h a t  is subsequently a t tacked by 

t h e  primary m i n e .  
less than two minutes, with v i r t u a l l y  no detectable 

by-products: un l ike  acyla t ing  reagents  such as dansyl c h l o r i d e ,  
OPA reacts with t h e  amino group, not t h e  hydroxyl group of 

I t  has  long been known t h a t  primary amino 

The t h i o l  adds rap id ly  to  OPA, 

The r e a c t i o n  is f a s t ,  goes to completion i n  
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300 LAM AND KARMEN 

1 I I I 
0 30 60 90 

minutes 

Figure 2. Amino acid profile of CSF from a patient with 
meningitis. 

tyrosine. 
are not, thus offering excellent detection sensitivity. 
column derivatization with OPA has become a favorite method for 
detecting amino acids emerging from HPLC ion exchange columns. 
A variety of thiols form adducts with OPA (20). For detection 
of amino acids after HPLC, the thiol generally used is 
mercaptoethanol. 
mercaptoethanol, followed by HPLC of the derivatives, has also 

The product is highly fluorescent while the reagents 
Post 

Recolumn derivatization with OPA and 
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I 
PNEUMONIA 

J 
5 

1 t I 1 0 30 60 90 
minutes 

Figure 3. Amino ac id  p r o f i l e  of CSF from a p a t i e n t  with 
Pneumonia. 

been used(21,22). Aswad (23) reported s u b s t i t u t i n g  
N-acetyl-Leysteine f o r  mercaptoethanol, thus  transforming t h e  
OPA d e r i v a t i v e s  from enantiomers to d i a s t e r e o i s m e r s ,  i n  t h e  

hope of resolving enantiomers. 
reversed phase column and a water -ace toni t r i le  g r a d i e n t ,  t h e  

only isomeric pair resolved was D,L aspartic acid. 
Examination of molecular s t r u c t u r e  of t h e  i so indole  

obtained by r e a c t i n g  OPA with N-acetyl-Gcysteine and an amino 

With convent ional  HPLC on a 
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TABLE 2 

Capacity Ratio (k') and S e l e c t i v i t y  (a) of Amino Acids 
Derivatized with 0-phthalaldehyde i n  t h e  Presence of 
N-Acetyl-L-Cysteine. 

- 

Amino Acid 

1 ASP 
2 Glu 
3 Ser 
4 Asn 
5 mr 
6 Lys 
7 C i t  
8 Ma 
9 w9 

10 Qr 
11 V a l  
12 Met 
13 Nval 
14 Etho 
15 Try 
16 Phe 
17 Leu 
18 Nleu 

k'L 
1.9 
5.8 

17.8 
22.4 
48.6 

8.2 
8.6 

11.5 
17.0 
6.2 
9 .o 

16.3 
17.2 
37.2 
39.9 
43.0 
48.4 
48.6 

h k' D 
2.5 1.3 
9.6 1.6 

24.3 1.4 
31 .O 1.4 
58.7 1.2 
12.4 1.5 
13.8 1.6 
15.6 1.4 
22.9 1.3 

9.8 1.6 
16.5 1 .8 
19.7 1.2 
22.2 1.3 
45.7 1.2 
60.1 1.5 
48.2 1.1 
65.4 1.4 
62.1 1.3 

Mobile phase: 2.5 rrM Cu(I1)  L-proline with no a c e t o n i t r i l e  f o r  
1-5, 5% a c e t o n i t r i l e  for 6-9, and 10% a c e t o n i t r i l e  for 10-18. 

ac id  suggested that t h e  carboxylate  and t h e  ni t rogen of the 

N-acetyl amino group of c y s t e i n e  could form bi -denta te  Cu(I1)  
complexes. We therefore  d e r i v a t i z e d  primary amino a c i d s  with 
OPA i n  t h e  presence of N-acetyl- lcysteine,  i n j e c t e d  them o n t o  
a reversed phase column using L-proline Cu(I1) as t h e  mbile 
phase and resolved t h e  optical isomers (Table 2, Figure 4 )  

(17) 

By s u b s t i t u t i n g  mercaptolethanol for NAC, t h e  c h i r a l  
separat ion disappeared. 
separa t ion  we were achieving r e s u l t e d  from mixed c h e l a t e  
complexation a t  t h e  carboxyl group and the N-acetyl amino group 

This  conf irrned t h a t  t h e  c h i r a l  
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3 00 

. 
a 

J 
Figure 4. 
derivatives. Mobile phase: 5.0% acetonitrile in a buffer 
containing 5 IM L-proline, 2.5 M CS04.5H20 and 2.0 g 
amnoniun acetate, pH 7.0. Flaw rate 2.0 ml/min. 

Chiral separation of polar amino acids as the OPA 

of the N-acetyl-L-cysteine on the derivative rather than that 
of the analyte amino acid. We therefore tried to separate 
enantiomers of the derivative of phenylethylamine, as an 
example of a primary amine with no other functional group, with 
OPA-NAC and achieved inediate success. We followed this with 
pilot separations with normetanephrine as an example of an 
amino alcohol, again with success (Figure 5). 
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J 
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5 10 15 

Figure 5. 
OPA derivatives. W i l e  phase: 15% acetonitrile in a buffer 
containing 5 nt4 Lproline, 2.5 nM CS04.5H20 and 2.0 g 
m n i u m  acetate, pH 7.0. 

Chiral separation of D and L-Normetanephrine as the 

Flaw rate 2.0 ml/min. 

Because of the dependence of the formation of the OPA 

adduct on the presence of a thiol group, we also studied the 
possibility of developing a procedure specific for enantiomers 
of sulfhydryl compounds. N-acetyl penicillamine was chosen as 
an example of a sulfhydryl compound, (N-acylation prevents 
reaction with the mine function). This was reacted with OPA in 
the presence of L-arginine as source of the chiral mine 
function and with no other source of sulfhydryl agent. 
separation of the D and L penicillamine derivatives was 
achieved with reversed phase HPLC and W i l e  phase containing 
Cu( 11) and L-proline (Figure 6). 

Clear 
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Figure 6 .  
the OPA derivatives. Mobile phase: 10% acetonitrile in a 
buffer containing 5 M L-proline, 2.5 n" Cuscl4.5H20 and 2.0 
g m n i u m  acetate, fl 7.0. 

Chiral separation of N-acetyl-D,L-penicillamine as 

Flaw rate 2.0 ml/min. 

RESOLVTICN OF D AND L IMINO ACIDS 

The simultaneous detection and resolution of enantiomers 
of secondary amino acids is a more complicated problem. 
N-dansylating results in highly fluorescent derivatives but the 
optical isomers are not resolved by the complexation methods, 
possibly because the derivative, which contains a tertiary 
amino group, does not form the proper complex with copper(I1) 
(4,12).  Analysis of free amino acids using the copper system 
followed by post-column reaction with 0-phthalaldehyde for 
detection, results in clear separation of enantiomers, but the 
secondary amino acids, which do not form fluorescent 
derivatives with 0-phthalaldehyde (5,6) are difficult to 
detect. 
Gaspartame (8,9) as the resolving agent, although not as 
sensitive as detection by fluorescence of the dansyl 

A procedure which uses law concentrations of Cu(I1) 
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NDF 'DS 

2 
Q 
I 
J 

0 

I 
J 

- a 
2 a. 
a 
t 

n 
a. 

I 
0 

.- 

I 

h 
1 . . . .  I . . . .  I . . . .  1 . . . . I  

¶ la  I ¶  minutes 2. 

Figure 7. Separation of stereoisaners of proline and pipecolic 
acid. The Nucleosil 5 C18 column, 150 x 4.2 m, was 
equilibrated with "loading buffer" containing 295 mg 
Gaspartame and 100 mg of copper sulfate in 1 liter of water. 
Mobile phase: 100 mg of copper sulfate and 25 ml of loading 
buffer diluted to 1 liter with water. Flm rate: 1.5 ml/min. 

derivatives, is a useful compromise. Both D,L-proline and 
D,Lpipecolic acid are resolved and detected (Figure 7 ) .  

Patients with at least three genetic diseases: Zellweger's 
disease, hyperpipecolaternia and familial hyperlysinemia, 
excrete excessive quantities of pipecolic acid in their urine 
(24 ) .  
the L isomer. We have analysed D,L-pipecolic in urine by 

Pipecolic acid found in the urine has been assumed to be 

2s 
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Figure 8. 

s i e  mirites 

D and L pipecolic acids i n  ur ine  of a p a t i e n t  with 
hyper l y  s inemia . 

rechromatographing t h e  pipecolic f r a c t i o n  from an i o n  exchange 
column on a reversed phase column by the Cu(I1)-Gaspartame 
mobile phase as t h e  mixed c h e l a t e  complexes. 
ismrs were found present  i n  the ur ine  of normal p a t i e n t s  who 

ingested a l a r g e  quant i ty  of L isomer, demonstrating racemiza- 
t i o n  i n  vivo. 
p a t i e n t s  with hyperlysinemia with high l e v e l s  of pipecolic a c i d  
while  ur ines  from p a t i e n t s  with Zellweger's disease had high 
l e v e l s  and only t h e  L isaner (Figure 8) .  
t h i s  is the f i r s t  observat ion t h a t  t h e  D isomer of a n a t u r a l  
amino a c i d s  is found i n  any excess  amounts i n  humans. 

Both D and L 

Both iscmers were also present  i n  the u r i n e  of 

It is bel ieved that 
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The s t e r e o s e l e c t i v i t y  of the isomers of an amino = i d  
depends on t h e  s tabi l i t ies  of t h e  te rnary  Cu(I1)  complexes. 
Resolution of the  two diastereomers results because complexes 
of d i f f e r e n t  s t a b i l i t y  have d i f f e r e n t  chromatographic 
propert ies .  
isomers t h a t  has t h e  higher s t a b i l i t y  w i l l  be re ta rded  more on 
t h e  column. 
copper conplexes (Figure 9 ) .  I n  so lu t ion ,  t h e  bis(amino)  a c i d s  
coordinate  around the  metal i n  a t r a n s  conformation with t w o  
water molecules i n  t h e  axial pos i t ion .  
the  L-L corrplex is apparently due to the i n t e r a c t i o n  of t h e  & 

subs t i tuent  of t h e  dansyl amino ac id  and t h e  pyr ro le  ring of 
p r o l i n e  with t h e  a p i c a l l y  coordinated water m l e c u l e  a l l  i n  t h e  
same plane. 

side chains  i n  t h e  mobile phase, complex s t a b i l i t y  due to s i d e  
cha in  i n t e r a c t i o n s  w i l l  also inf luence s t e r e o s e l e c t i v i t y  
because these side chains  also participate i n  coordinat ion with 
t h e  metal ion and electrostatic i n t e r a c t i o n  with t h e  ana ly te  
l igand. 
chain.  
around Cu(I1) i n  t h e  cis conformation allowing charge 
i n t e r a c t i o n  of t h e  p o s i t i v e  guanido group of arg in ine  with t h e  

The mixed c h e l a t e  complex of one of t h e  two 

A simple i l l u s t r a t i o n  of t h i s  is t h e  L-proline 

The lesser s t a b i l i t y  of 

When using metal complexes of amino a c i d s  with c h e l a t a b l e  

L-arginine, f o r  example is a c h i r a l  l igand with a side 

L-arginine and the ana ly te  amino acid coord ina tes  

L-Ro-Cdl I)-O-AA L-Pro-Cdl &L-AA 

Figure 9. 
amino ac id  with Cu(I1) .  

Ternary conplexes of L-proline and D,L isomers of 
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Figure 10. 
amino ac id  with Cu(I1) .  

Ternary complexes of L-arginine and D,L isomers of 

negat ive carboxyl group of t h e  neighboring dansyl amino ac ids .  
Electrostatic ligand-ligand i n t e r a c t i o n s  within t h e  complex 
molecule is responsible  for t h e  more stable L a r g i n i n e < u ( I I ) -  

Lamino ac id  te rnary  complex and r e t a i n e d  t h e  L isomer longer 

i n  t h e  column (Figure 10).  

Procedures are descr ibed for t h e  r e s o l u t i o n  of t h e  optical 

isomers of a l l  comnon amino a c i d s  and i m i n o  acids. Most of 
t h e s e  appl ica t ions  are simple to use. 
chromatography by mixed c h e l a t e  complexation can be inplemented 
on t h e  reversed phase system by simply rep lac ing  t h e  mbile 

phase with one t h a t  conta ins  c h i r a l  Cu(I1)  conplex. 
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